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Introduction:-

Brucella belongs to a-Proteobacteria causing many pathogenic problems in mammals including humans. Ruminant
animals are susceptible to be infected by such bacterium all over the world. One of those affecting domestic
livestock is B. melitensis that affect sheep and goats. Because domestic ruminants are a vital source for the economy
income, especially in low income countries, brucellosis is considered as a main cause of direct economic losses.
Therefore, its control and eradication is the most important goals of public health programs in endemic countries
(1,2).

Rev. 1 vaccine is formerly the only officially accepted vaccine for protection against B. melitensis infection, which
induces significant protection in sheep and goats. On the other hand, the Revl vaccine can cause abortions,
persisting agglutinins that can lead to mis diagnosis by using various serological tests in addition, it can infect
humans through exposure to aerosols or accidental self-inoculation. (3, 4).

Subunit recombinant protein vaccines are considered promising vaccines because they are effective, less
biohazardous, well-defined, non-infectious and persuade long-actingprotection [5, 6].Furthermore, it is essential to
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provoke an effective vaccine with adequate immunological response against intracellular microorganisms as
Brucella species, particularly for T helper cell (Th1l) where the production of certain cytokines as IFNy, TNFa, and
IL-12 (p40) are necessary for control the infection as Th2 response has a marginal function in this respect. Antigen
delivery systems become obligatory needed when antigens are not effectively transported to the suitable fitting sites
or presented to the immune system [7]. Our work is aimed to evaluate vectored vaccine based on outer membrane
protein 31 (OMP31) expressed by Escherichia coli (K12) as it is nonpathogenic strain and can deliver our protein to
antigen presenting cells and hence, promoting cellular immune response to control the infection with B. melitensisby
using mice model [8].

Materials and Methods:-

Laboratory animals:-

Forty-five female BALB/c mice with 4 to 6 week-old (obtained from a vet. Sera vacci Rec Institute—Cairo-Egypt)
received one week previously, were distributed randomly into threegroups (fifteen for each). All mice were kept in
cages and received water and food ad libitum.

Strains of bacteria used:-

For cloning and propagation of the concerned plasmid, Escherichia coli strain JM109 competent cells>10® cfu/ug
(Promega, Madison, WI) were used while for recombinant protein expression, Escherichia coli strain K12 (Biolab,
England) was applied.Bacteria strains were grown at 37°C in Luria-Bertoni (LB) brothor agar that supplemented
with 100 pg/ml of ampicillin (9). For challenging purpose, B.melitensis 16 M was used (obtained from vet. Sera
vacci Rec Institute, Cairo, Egypt) and was cultured under optimal conditions in tryptose soya agar supplemented
with yeast extract 10 g/ Iml (Oxoid, England) incubated overnight at 37°C for 72 hrs in 5% Co, to ensure
sufficient cell density (10). The obtained bacteria were harvested and suspended in PBS and the abundance was
adjusted to be 1x10°CFU/200pl for protection experiment.

Amplification of Omp31 gene of B. melitensis 16M

Extraction and measuring the DNA of B. melitensis 16M were performed by using the CTAB method as previously
described (11). PCR amplification of Omp31 gene of B. melitensis 16M was done as described earlier (12) by using
two primers, 31sd (5-TGACAGACTTTTTCGCCGAA-3) and 3lter (5-CATTCAGGACAATTCCCGCC-3Y).

The primers were selected according to omp31 nucleotide sequence (13)

Recombinant B. melitensis Omp31 protein:-

DNA fragment (687-bp) of B. melitensis responsible for encoding Omp31was cloned in pPCAGGS (Addgene, MA,
USA), expressed in E. coli, and purified as designated before (14).Briefly, the obtained plasmid that contained
Omp31 gene was amplified in transformed competent Escherichia coli (JM109) which were propagated in LB broth
supplemented with 100 pg/ml of ampicillin (9) till reached 1 nm at OD600. Intact plasmid construction and function
were confirmed via sequencing across the DNA inserted. The plasmid was isolated by using a Megaprep kit
(Qiagen, Dorking, UK) and the DNA concentration was evaluated using spectrophotometry at 260/280 nm. COS-7
cells were transfected as stated by manufacture’s instructions with pPCAGGS+0Omp31 and Lipofectamine reagent to
verify Omp31 expression which checked and confirmed by Western blotting with specific MAb A59/10F09/G010 as
reported previously (15). The Limulus amebocyte lysate analysis kit [Sigma, St. Louis, Mo.] was used to corroborate
the purity of rOmp31.

Immunization of mice:-

Mice were allocated randomly into three groups (fifteen mice in each group).The first group was vaccinated with the
commonly used vaccination dose for commercial B. melitensis Rev 1 vaccine as positive control (16), the second
group was immunized by I/P route with 0.2ml suspension of recombinant E.coli K12(10" CFU) bearing pCAGGS
plasmid containing omp31 gene (vectored vaccine)in phosphate buffer saline (PBS, pH 7.2). The colony forming
units per ml was adjusted at OD 600 nm (ODg) and the injected dose was determined retrospectively by triple
plating onto tryptic soya agar supplemented with yeast extract. Finally,the third group was received PBS as negative
control.
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Protection Experiments and evaluation of Brucella strain persistence:-

To evaluate the efficacy of vectored vaccine for protection against B.melitensis infection, five mice from each group
was challenged by intra peritoneal route (I.P) with approximately 1x10°> CFU/mouse of B.meletensis 16M. On the
30* day after vaccination, the mice were euthanized by cervical dislocation; their spleens were removed aseptically
and weighed.The persistence of challenging strain of B.meletensisM16in mice was determined as described
previously (9, 17), by determination of B.meletensis CFU in the spleen. The obtained spleens from five mice in
each group were macerated individually and homogenized, Ten-fold serial dilution in PBS were plated onto tryptic
soy agar supplemented with yeast extract and incubated to determine the bacterial count.The experiment was
conducted twice, and the results were represented as means £ SD (n = 5) of the log CFU/spleen. Log units of
protection were calculated via subtracting the mean log CFU of the vaccinated group from the mean log CFU of the
control immunized group.

Measurement of immune response against Omp31:-

Indirect enzyme-linked immunosorbent assay (ELISA) was subjected to determine the antibody response against
Omp31 in collecting sera (17).Serum titers of Antibody evaluated as the highest serum dilution inverse yielding
value at ODy5 two times higher that of the dilution buffer (blank). The titer of 1gG was recorded as means + SD of
the log of the titers taken from five mice analyzed individually. Regarding the evaluation of Cytokine levels in the
spleens of immunized mice in response to the injected vaccines (vectored vaccine and B.melitensis Rev1), five mice
from each group were vaccinated as described above and their spleens were collected at 0, 7, 14, 21 and 28 dpi (pre-
challenge period in protection experiments). CHAPS detergent (Thermo Fisher scientific, USA) was added (1%
final concentration) to the homogenated mouse spleens in PBS to maintain protein activity and lysis the splenocytes
[18,19]. cell debris was separated and removed by centrifugation afterone hour incubation at 4 °C, and the
supernatants were kept at —80 °C till use for cytokine quantification.The collected supernatants were subjected to
sandwich ELISA to quantify the levels of interferon-y (IFN-y), tumornecrosis factor-a (TNF-a), interleukin-1o (IL-
la), IL-10and IL-12 (p40) withcommercial kits specific for mice cytokinesaccording to the manufacturer
instructions (BD Biosciences, SanDiego, USA) asillustrated before [20]. The results were recorded for each
immunized group as means + SD of the detected cytokine quantity (ng) in the spleens of five individual mice at each
point of time.

Statistical Analysis:-

Data obtained were expressed as meanzstandard error of the mean. It was analyzed using SPSS version 18.0 (IBM
SPSS Statics 18, USA). Data were subjected to one-way analysis of variance (ANOVA) and the post-hoc test was
applied for multiple comparisons. Values of P <0.05 and P <0.001 were regarded as statistically significant and
highly significant, respectively.

Results:-

Inflammatory response of used vaccines:-

Spleen weight was taken as an indicator to compare the degree of inflammatory response in vaccinated groups. The
vectored vaccine did not induce significant inflammatory response on the assay span while Revl group showed a
strong response that reached its maximum level at 14™ day post inoculation at which the spleen weight reached 4
times higher than that of vectored vaccine group, as illustrated in Figure 1.
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Figure 1:- Estimation of spleen weight in vaccinated mice
Results are expressed as means + SD (n=5) of the spleen weight at each point of time.

Humeral immunity response against B. melitensis:-

The serum immunoglobulin G (1gG) level was estimated in the mice of protection experiment up to day 28 post
inoculation (before challenge) with either PBS (control negative), Revl attenuated vaccine or vectored vaccine. In
mice vaccinated with Revlvaccine, the titer of 1gG was detected in the 7" day after inoculation and increased
progressively up to the end of the experiment while the IgG level was higher in mice vaccinated with vectored
vaccine along the experiment. In comparison, the antibody response in the Rev 1 vaccinated group was delayed and
first detection was on 14™ day post inoculation and was lower than that noticed with vector vaccinated mice at all
time-points checked, as shown in Figure 2.
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Figure 2:-The antibody responses in mice sera
Results are expressed as means = SD (n=5) of the log of IgG titers by ELISA at each point of time.

Detection of spleen cytokines in mice:-

The cytokine level in spleen of inoculated mice was estimated until the day 28 post infection. Spleen of vaccinated
mice with Revl vaccine showed the highest level of TNF-a, INF-y, IL-1a, IL-10 and 1L-12 (p40). Except IL-10, all
cytokines in Rev 1 vaccinated group showed high levels and reached the peak at day 14 post inoculation then, begin
to decrease until the day 28 at which all cytokines of the other group had profile too large extent like those evaluated
in control negative group (PBS inoculated). Regarding IL-10, it has the similar trend, but its highest level was
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detected on day 21 post inoculation. The strongest response was detected with both IL-1a and IL-12 (p40) in the
maximum concentrations around 11ng per spleen followed by the level of INF-y that record about 6 ng per spleen
whereas the level of TNF-o and IL-10 showed the lowest recorded levels about 1.6 ng and 2 ng per spleen,
respectively. Mice of vaccinated group with opm31also induced cytokine production like, but to a lesser extent those
of the Rev1 vaccinated group, except for IL-10 level that scored concentrations did not show statistically significant
differences with those of control group (Figure 3, A-E).
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Figure 3:- evaluation of the levels of cytokines in spleen of mice

TNF-a (A), INF-y (B), IL-1a (C), IL-10 (D), and IL-12(p40)(E). Results are expressed as means + SD (n=5) of each
amount of cytokine in spleen at each point of time.

The challenge Experiment:-

All groups were inoculated with a virulent strain of Brucella melitensis M16 in a dose of 0.9X10° at the day 28 after
vaccination. After three weeks of infection, the bacteria in spleen were counted. The challenge result revealed that
the rev 1 and vectored vaccines conferred nearly the same protection (P.0.05). In comparison with the control group,
the two used vaccines induced reduction in the bacterial load in the mice spleen about three log units (Figure 4).
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Figure 4:- Protection against virulent Brucella melitensis M16 strain by the Brucella vaccines in mice.
Results are expressed as means + SD (n=5) of the log of the CFU/spleen. Significant differences between mice
immunized with each vaccine and control mice inoculated with PBS are marked with (*) that means high significant
(P<0.001).

Discussion:-

Researchers and scientists working in the field of the disease control are always do their best to discover and
synthesis alternative vaccines to live attenuated strains to be able to fend off infections especially those burden the
human being health. Currently, the best choice available vaccine against Brucella spp. is B. melitensis Rev1 vaccine
(21,22). So, it was used to be the reference in our study to compare the efficacy of our recombinant vaccine.
Nevertheless, it has significant disadvantages that may constrict its usage. As it is live attenuated vaccine, not
completely safe, there is high probability to be a potential bioterrorism agent (23), cause severe complications in
immunocomprimised animals (24), cause abortion, difficult to transport and delivery where it needs special
requirement to maintain condition and creates serological immune responses against O that causes interference in
interpretation of many serological tests especially in the discrimination between natural infected and vaccinated
animals (25). In contrast, recombinant proteins based vaccines, are less biohazardous, well defined composition,
avirulent and non-infectious (6).

Subunit vaccines have been studied for years and have not given sufficient protection against Brucella spp. (26).
Many approaches had been taken for development of vaccines based on bacterial recombinants (27). One of these
approaches consists of expressing the foreign antigen on the surface of transfected bacteria. Subcellular vaccines
could shun the drawbacks of live attenuated vaccines where is being safer in manipulation, not causing abortion and
not interfering with immunodiagnostic tests as it has different antigen (28) and having the capacity to trigger the
both arms on the immune system (29).

The better protective activity for the Revl vaccine was forecasted and detected by the evidences of the strong
inflammatory response, as increasing the immunized mice spleen weight and cytokine profiles than those provoked
by vectored vaccine( Figure 1 and 2). On the other hand, the protection granted by vectored vaccine vaccine against
the experimental B. Melitensis infection was closely equipollent to that offered by B. melitensis Revl vaccine
(Figure 5). The obtained result may be attributed to many factors and reasons. The first is the greater antibodies
production able them to bind the virulent inoculated B. melitensis strain that detected in vaccinated mice with
vectored vaccine(Figure 3) and opsonized them to facilitate their phagocytosis (29).This give an advantage to our
recombinant vaccine and proves the fact that the antibodies have a greater impact in the protective immunity against
B. melitensis than that for lymphocytes (30). The second reason, it is well known that INF-y is playing the essential
and vital role in controlling the Brucella infections whereas it stimulates the bactericidal function in macrophages
(31,32), INF-y recorded notable high level in both vaccinated groups (Figure 3-B). Third, the stoner response of
splenocytes from B. melitensis Revl mice vaccinated group in production of more IL-1a, which has potent
stimulation of T-helper (CD4) and T-cytotoxic (CD8) lymphocytes against the inoculated antigen (33) than
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splenocytes gained from mice either vaccinated with vectored vaccineor non-vaccinated group (Figure 3-C). Finally,
splenocytes of B. melitensis Revl mice vaccinated group induced powerful IL-10 response. It was established that
IL-10 has anti-inflammatory effect (34, 35), this fact gives an advantage to our tested vaccine over the commercial
used one.

Another positive aspect of vectored vaccineis the protective function that comes with slight degree of inflammatory
response (36, 37). On the other hand,the smooth lipopolysaccharide (S-LPS) represents the main component in B.
melitensis Revl vaccine (38, 39) therefore, severe inflammatory response would be occurred leading to shock or
even death (40,41) when the body exposed to LPS in an excessive or systemic manner via blood. According to our
results, vectored vaccine stimulate and enhance solid immune response with triggering both Thl and Th2
lymphocytes cytokines in a form making it capable to control B. melitensis infection as professionally as vaccination
with B. melitensis Rev 1. In taking into account the disadvantages of vaccination with B. melitensis Rev 1 (42, 43),
the Omp31 depending vaccine constitutes a promising candidate and could be included in the development of a
multi-subunit vaccine in controlling of brucellosis.
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