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ORIGINAL ARTICLE

A DNA vaccine encoding p39 and sp41 of Brucella melitensis
induces protective immunity in BALB/c mice

Una vacuna de DNA codificando proteinas p39 y sp41 de Brucella melitensis
induce proteccién inmune en ratones BALB/c
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Department of Molecular Biology and Biotechnology, Atomic Energy Commission, Damascus, Syria.

RESUMEN

Las especies de Brucella son bacterias gram-negativas intracelulares facultativas que pueden multiplicarse dentro células fagociticas y no-fagociticas
en hospederos finales tanto humanos como animales. B. melitensis causa aborto en animales y fiebre ondulante en humanos. Una proteina de superficie
de 41 kDa (sp41) estd asociado con la adherencia bacteriana e invasién de células HeLa. El rol de esta proteina es importante para la interaccién con
células hospederas. Previamente se ha descrito el antigeno inmunodominante p39, medido por células T. Ambos vectores (pClIsp41 y pCIp39) indujeron
la formacion de inmunoglobulinas séricas antigeno-especificas asi como una respuesta proliferativa de células T y una fuerte produccién de interferon
gamma luego de la re-estimulacion, ya sea con los antigenos especificos o con extracto de Brucella. El nivel de proteccion fue significativo en ratones
tratados con pCIp39 y pClsp41, pero fue inferior al nivel requerido.
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SUMMARY

Brucella species are facultative intracellular gram-negative bacteria that can multiply within phagocytic and non-phagocytic cells of humans or
animals as end hosts. B. melitensis causes abortion in pregnant animals and undulant fever in humans. A 41 kDa surface protein (sp41) is associated
with bacterial adherence and invasion of HeLa cells. The role of this protein a is important for the interaction with host cells. Previously, the putative
periplasmic binding protein p39 had been described as T-cell immunodominant Brucella antigens. Both vectors (pCIp39 and pClsp41) induced antigen-
specific serum immunoglobulin as well as a T-cell-proliferative response and a strong gamma interferon production upon re-stimulation with either the
specific antigens or Brucella extract. The level of protection was significant in pCIp39 and pClsp41 treated mice but it was lower than the required level.
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INTRODUCTION

Brucella melitensis, a facultative intracellular patho-
gen, is the etiological agent of brucellosis, a disease that
affects humans and several other animal species (Seleem
et al 2010). Infection in humans occurs through direct
contact with infected animals and from ingestion of con-
taminated dairy products (Glynn and Lynn 2008). Fur-
thermore, there are no human vaccines currently avail-
able (Gorvel 2008). Resistance to Brucella depends on
acquired cell-mediated immunity (CMI) (Yingst and
Hoover 2003). The development of Th1 subset CD4+ lym-
phocytes that secrete gamma interferon (IFN-y), a crucial
cytokine, up-regulates the macrophage anti-Brucella ac-
tivity (Zhan and Cheers 1993). Denoél et al (1997*°) have
previously described p39 (a putative periplasmic binding
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protein) as T-cell immunodominant Brucella antigens that
elicit both a strong delayed-type hypersensitivity reaction
in guinea pigs sensitized with brucellin and in vitro pro-
liferation or IFN-y production by peripheral blood mono-
nuclear cells from infected cattle. Castaineda-Roldén ez al
(2006) showed that Brucella surface proteins bound se-
lectively to HeLa cells. However, only antibodies direct-
ed against the 41 kDa surface protein (sp41) inhibited in
dose-response manner, bacterial adherence and invasion
of HeLa cells (Castafieda-Roldén et al 2006). Live atten-
uated vaccines that can stimulate strong CMI responses
are usually very effective against brucellosis (DelVec-
chio et al 2006). Attenuated strains such as B. melitensis
Rev.1 is used to control brucellosis in domestic animals
(Muioz et al 2008). However, these are less than ideal
because the vaccine strain used for animal is considered
too virulent or unsafe for humans (Davis and Elzer 2002).
Moreover, B. melitensis Rev.1 strain induces antibodies
to their lipopolysaccharide (LPS), making it difficult to
differentiate vaccinated animals from those naturally in-
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fected (Blasco 1997, Banai 2002). In order to avoid these
drawbacks, alternative vaccine approaches are needed.
To develop the next generation of Brucella vaccines, we
are pursuing different strategies, including development
of subunit vaccines (Al-Mariri et al 2001*), immunisa-
tion with plasmid DNA encoding the protective antigen
(Al-Mariri et al 2001°) and utilization of bacterial vectors
(Al-Mariri et al 2002). DNA vaccine can stimulate both
cellular and humoral immunity and provide prolonged
antigen expression, leading to amplification of immune
response and induce memory responses against infectious
agents (Donnelly et al 1997, Kutzler and Weiner 2008).
A number of studies have demonstrated that after naked
DNA immunisation, the antigen is naturally processed
and presented to T cells in the context of major histocom-
patibility complex class I and class II molecules, inducing
a broad range of immune responses including antibody
production and the activation of CD8+ cytotoxic T cells
and CD4+ T helper cells (Higgins et al 2007, Coban et
al 2008). With regard to effectiveness, previous studies
have already shown that DNA vaccination with ribosomal
L7/L12 (Kurar and Splitter 1997), p39 (Al-Mariri et al
2001°), L7/L12-p39 (Luo et al 2006%), lumazine synthase
(Velikovsky et al 2002), outer membrane protein 31 gene
(Vemulapalli et al 2000), BLSOmp31 (Cassataro et al
2007) and Cu-Zn superoxide dismutase (SOD) (Muiioz-
Montesino et al 2004) can elicit partial protection against
Brucella challenge. In the present study, DNA-encoded
p39 vaccine and that encoding sp41 were studied, in
BALB/c mice, in order to evaluate the immunogenicity
and protective efficacy of p39 and sp41 antigens against
B. melitensis infection.

MATERIAL AND METHODS
ANIMALS

Specific-pathogen-free 7 to 8 weeks-old female
BALB/c purchased from Charles River Laboratories
(France); were used. Three groups of 20 mice and anoth-
er group of 10 mice were housed in polypropylene cages
with sterilized bedding under controlled conditions; tem-
perature (24 + 1°C), and relative humidity (55%); and
maintained on a standard diet and sterilized water.

Table 1. List of the primers used in this study.
Listado de iniciadores usados en este estudio.

MICROORGANISM

B. melitensis 16M and vaccinated strain B. meliten-
sis Rev.] were obtained from the University of Namur
(Belgium). Brucella was grown under optimal conditions
in 2YT (peptone [10 g], sodium chloride [5 g], meat ex-
tract [5 g], distilled water [1 litre]) overnight at 37 °C and
5% CO, to ensure sufficient cell density; or in 2YT-Agar
(agar [20 g]), for 72 h at 37 °C and 5% CO,. All expe-
riments with live Brucella were performed in biosafety
level 2 facilities. Escherichia coli strain DH5a was used
to prepare the plasmid constructs; whereas E. coli BL21
(DE3) was used for protein expression. The E. coli cultu-
res were routinely grown at 37 °C in Luria-Bertani broth
or agar and were supplemented when required, with 100
mg/mL ampicillin.

CONSTRUCTION OF DNA VACCINE CANDIDATES.

DNA fragments of the p39 and sp41 genes from B.
melitensis 16M were amplified by a PCR in which the
Xbal and EcoRI or Xhol and Xbal were ligated into the
multiple-cloning site of the mammalian expression vec-
tor pCI (Promega, Madison, Wis.), giving pCIp39 and
pClsp41, respectively. The PCR primers were designed
as shown in Table 1.

Large-scale plasmid DNA isolation was performed us-
ing a Plasmid Giga Kit (Qiagen, Valencia, CA) according
to the manufacturer’s instructions. Plasmids were finally
resuspended in phosphate-buffered saline (PBS) at a con-
centration of 1,000 mg/mL. DNA concentration and purity
were determined by measuring the optical density, and the
A, /A, ratio was typically greater than 1.8. The recom-
binant plasmid construct was verified both by restriction
enzyme digest and by sequencing the complete insert.

PRODUCTION OF RECOMBINANT sp41 AND p39
PROTEINS

Expression of the Brucella p39 protein has been
previously described (Al-Mariri et al 2001%). Briefly,
the respective genes (p39 and sp41) were cloned into a
pET-15b expression vector and the resulting plasmid
was introduced in E. coli BL21 (DE3) (Novagen, Madi-

N Names Sequence Base
1 p39-F(Xhol) 5’-TATGGATCCCCGGTTGCAGGTG 3’- 22
2 p39-R(Xbal) 5’-TAGCGGCCGCTTATTTTGCGGCTTC-3’ 25
3 sp41-F(EcoRI) 5’- ATACACTCGAGATGTTCACCCGTCTGATCACG -3’ 32
4 sp41-R(Xbal) 5’-CGAGATCTAGAATTATTGAGCTGCGGCGATTG-3’ 32
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son, Wis.), and the positive clones were selected. The
recombinant proteins were expressed in successfully
transformed bacteria by induction with isopropyl-B-D-
thiogalactopyranoside (IPTG) in LB medium and then
purified with a Ni2-HiTrap chelating 5-mL prepacked
column (Amersham Pharmacia Biotech) by using imidaz-
ole as the elution reagent, according to the manufacturer’s
protocol. The lysates of transformed cells and the purified
protein were identified by sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE) and Western
blot assays. The purified protein was then stored at —70
°C until use for enzyme-linked immunosorbent assay
(ELISA) or for in vitro stimulation of splenocytes.

POLYCLONAL ANTIBODIES AGAINST p39 AND sp41

The immunisation protocol was described in detail
by Kenison et al (1990). Briefly, a New Zealand white
female rabbit was injected intradermally with 100 pg of
rp39 or rsp41 in Freund’s adjuvant (complete for the ini-
tial injection; incomplete for subsequent intramuscular
injections) diluted 1:1 with sterile saline. Three inocula-
tions were performed at 2-week intervals. Antisera were
collected 10 days after the last injection; antisera used in
this work were used at working dilutions of 1:500.

ANTIGEN EXPRESSION IN VERO CELL LINE

Monkey kidney Vero cells were grown at 37 °C in
5% CO, in six-well plates (TTP, Swaziland) containing
Dulbecco’s modified Eagle’s medium (DMEM) (Gibco,
BRL) supplemented with 10% fetal bovine serum (FBS),
2 mM L-glutamine, penicillin (100 U/mL), and genta-
micin (50 mg/mL), and subconfluence monolayers were
washed once with serum-free DMEM; afterwards, 500
ml of DMEM (supplemented as above, but without FBS)
was added. Next, 100 ml of transfection mixture (100
ml of serum-free DMEM containing 6 mg of Fugene6
[Boehringer, Mannheim, Germany]) and 1 mg of plasmid
DNA were held at room temperature (RT) for 5 min and
added to the cells, which were then incubated at 37 °C in
5% CO, overnight. Expression of sp41 and p39 proteins
was detected by immunoblotting.

SDS-PAGE AND WESTERN BLOT ANALYSIS

SDS-PAGE and immunoblot analysis of purified p39
and sp41proteins were performed using standard proce-
dures. For Western blot analysis, proteins were transferred
from the SDS-PAGE (12% [wt/vol] polyacrylamide) gel
to 0.2-mm-pore-size nitrocellulose membranes (Bio-
Rad). Membranes were probed, first with 1:1000 dilution
of a rabbit anti-p39 or anti-sp41 antibody that diluted in
TBST (10 mM Tris-HCI, pH=8, 150 mM NaCl, 0,1 %
Tween 20) + 1%BSA (serum albumin bovine, Sigma);
and then with a 1:2000 dilution of goat anti-rabbit IgG
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conjugated to horseradish peroxidase (Bethyl Laborato-
ries, Inc) that diluted in TBST +1%BSA. Detection of
p39 and sp41 antigens was achieved upon development
with the substrate TMB (3,3,5,5-tetramethyl benzidine)
(Amresco, USA) in citrate-phosphate buffer (0.05 M
Na,HPO,, 0.025 M citric acid, pH 5.0) and 2 mM H,0,
were added to monitor the peroxidase activity.

MICE DNA VACCINATION AND CHALLENGE

Mice randomLy allocated in three groups of 20 mice,
received intramuscular (i.m.) injections in the tibialis an-
terior muscles with 100 mg of a mixture of plasmids con-
taining the p39 and sp41, in 50 ml sterile saline (PBS),
by using a 1-mL insulin syringe with a 28-gauge needle
(Weeratna et al 2001, Ofate et al 2003). The negative
control groups included one group of 20 mice immun-
ised with 100 mg pClI vector alone and one group of 20
mice treated with 100 ml of saline. Three vaccinations at
3-week intervals were performed. The immune response
(five mice per group) was analysed 4 and 8 weeks af-
ter the last DNA vaccination. The fourth experimental
group of mice (no=10), which serve as positive control,
was intraperitoneally received 1 x 105 CFU of Rev.1 in
100 ml of sterile PBS 4 weeks before the challenge with
B. melitensis 16M. For protection study, ten mice per
group from the four groups were challenged i.p. with ap-
proximately 3 x 10° CFU of B. melitensis 16M in 100
ml of sterile PBS, Thirty days after the last DNA injec-
tion. Whereas, for the immunisation study, ten mice per
group from three groups only were sacrificed at the 4™
and 8™ weeks after the last immunisation . IgG, prolifera-
tion cells and cytokine production were analised in order
to determine the immune responses.

IG ELISAS

The presence of serum IgG specific to p39 and sp41
was determined by indirect ELISA on the 4™ and 8™ wee-
ks after the final immunisation. The wells of polystyrene
plates (MaxiSorp; TPP, Swaziland) will be coated over-
night at 4°C with recombinant protein p39 or sp41 (50 ul
per well) at a final concentration of 1 ug/mL in PBS (pH
7.4) or with B. melitensis 16M bacterial lysate at a con-
centration 3 pug/mL. After three wash cycles with PBS,
the plates will be saturated for 2 h at RT with 150 ul of
blocking buffer (PBS with 2.5% BSA). The wells will
be washed with PBS containing 0.1% Tween 20. Fifty
microliters of serially twofold-diluted individual serum
samples, starting at a 1/100 dilution in buffer (PBS with
1.25% BSA, 50 mM EDTA, and 0.05% Tween 20), will
be added to the plates and incubated for 1 h at RT. After
five washing cycles, plates will be incubated with a 2,000-
fold dilution of IgG goat anti-mouse horseradish peroxi-
dase conjugates (Amersham) for 1 h at RT. The excess
reagent will be removed by five washing cycles. Finally,
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TMB (3,3,5,5-tetramethyl benzidine) in citrate-phosphate
buffer (0.05 M Na,HPO,, 0.025 M citric acid, pH 5.0)
and 2 mM H,0, will be added to monitor the peroxidase
activity. The reaction is stopped after 20 min by addition
of 2 M H,SO,. The optical density is measured at 450 and
630 nm. The cutoff value for the assay was calculated as
the mean specific OD plus standard deviation (SD) for 10
serum samples, assayed at a dilution of 1:50, from no-
nimmunised mice. The titer of each serum was calculated
as the reciprocal of the highest serum dilution yielding a
specific OD higher than the cutoff value. All assays were
performed in triplicate and repeated three times.

LYMPHOCYTE PROLIFERATION ASSAYS

Spleens were homogenized with 2 mL of tissue cul-
ture medium (RPMI 1640-5% fetal bovine serum; [Eu-
robio, Cedex, Frence]), and erythrocytes were lysed with
Gey’s solution. Splenocytes at 2 x 10° per well were sti-
mulated with concanavalin A (ConA; 3mg/mL), purified
recombinant protein p39 or sp41 antigen (1mg/mL), bac-
teria lysate (4mg/mL), or no additive in culture medium
for a total volume of 0.ImL per well. Cell proliferation
was determined in triplicate, utilized Cell Counting kit-F
(ALEXIS, Biochemicals, Switzerland).

After 72h of incubation at 37°C in 5% CO,, the pla-
tes were three times washed D-PBS(-) to remove esterase
and phenol red, then 100ml of D-PBS(-) was left in each
well. 10ml of CCK-F working solution were added to
each well and incubated at 37°C for 30 min. The mea-
surement of the fluorescence intensity of each well was
performed at 535 nm (excitation at 485 nm) using a fluo-
rescence plate reader (FluoroSkan Ascent FL, Thermo-
Electron Corporation). The mean number of cells counts
and the standard error of the mean for each triplicate of
cells were also determined.

MEASUREMENT OF CYTOKINES

Spleen cell suspensions from four immunised or con-
trol mice were prepared in RPMI medium and plated at
2x10° cells/well in round-bottomed micro-well plates.
The cells were stimulated in vitro with rp39 or rsp4l
(Img/mL each), or bacteria lysate (4mg/mL), or with
medium alone or with ConA, 3mg/mL and incubated at
37 °C under 5% CO,. Supernatants were taken after 72 h
of culture, stored at - 80°C and assayed for cytokine pro-
duction. Levels of IL-5 and IFN-y in culture supernatants
were measured by sandwich ELISA using paired cytoki-
ne-specific mAbs (Euro-Clone, SPA, Milan, Italy), and
samples of which were tested in duplicate. The concen-
tration of IFN-y or IL-5 in the culture supernatants was
calculated via a linear-regression equation obtained from
the absorbance values of the standards as indicated by the
manufacturer. Values of less than 40 and 10 pg/mL were
considered negative for IFN-y and IL-5, respectively.
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PROTECTION EXPERIMENT

Protection experiments were performed as described
previously (Al-Mariri 2010). Briefly, mice were sacrificed
by cervical dislocation 4 and 8 weeks after challenge with
3 x 10° CFU of B. melitensis 16M, and the spleen was
removed aseptically. Each spleen was homogenized, seri-
ally diluted 10-fold and plated on 2YTagar to determine
the number of Brucella CFU per spleen. Plates were in-
cubated at 37 °C under 5% CO,. The number of CFUs
per spleen was counted after 3 days and the data were
presented as the mean log CFU = standard deviation (SD)
per group. Log-units of protection were determined by
subtracting the mean log CFU of the vaccinated groups
from the mean log CFU of the saline-immunised group.

STATISTICAL ANALYSIS

All assays were performed in triplicate, and group
means were calculated. The data for lymphocyte proli-
feration, detection of cytokines, and protection experi-
ments were analised by Student’s paired t test.

RESULTS

CONSTRUCTION AND EXPRESSION OF PCIp39 AND
PCIsp41 DNA VACCINES

pCIp39 and pCIsp41 DNA vaccines were constructed
in order to studying its immune response and protective
immunity against brucellosis. The recombinant plasmids
were verified with restriction digestions and sequencing.
Recombinant plasmids were transformed into Vero cells
to verify that the constructed DNA vaccines can be ex-
pressed in mammalian cells correctly. Western blot as-
says of the lysate of the transformed Vero cells (figure 1)
shown the presence of 39-kDa protein and 41-kDa pro-
tein, that corresponding to the molecular masses of p39
and sp41 respectively.

HUMORAL IMMUNE RESPONSE ELICITED BY PCIp39
AND PClIsp41 IMMUNISATION

Figure 2 revealed that pCIp39 and pClsp41 vaccines
were induced IgG responses to p39, sp41 and B. meli-
tensis 16M bacterial lysate, which were 1.5 to 2 logs
higher in the group that killed 4 weeks after the last im-
munisation comparing with that killed 8 weeks after the
last immunisation.

CELLULAR IMMUNE RESPONSE OF MICE
VACCINATED I.M. WITH PCIp39 AND PClsp41

Figure 3 shows the proliferative response and cytoki-
ne profile of splenocytes taken from mice that immunised
im. with pCIp39+pClsp41 DNA vaccine or with pCIL
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40 kDa

Figure 1. Expression of recombinant plasmid pCIp39 and pCIsp41 in Vero cells. The lysates of Vero cells transformed with the recom-
binant plasmids were analised for the respective target protein expression by Western blot assay. Vero cells were transformed with pCI
(lane 1) as negative control, pCIp39 (lane 3) or pCIsp41 (lane 5). Loaded sample containing rp39 or rsp41 (0.5pg) were used as positive
control (lanes 2 and 4 respectively). Lane (MW), molecular size protein markers.

Expresion del plasmido recombinante pCIp39 y pClsp41 en células Vero. Los lisatos de las células Vero transformadas con los plasmidos
recombinantes fueron analizados para la respectiva expresion de proteina objetivo usando el ensayo Western blot. Las células Vero fueron transformadas
con pCI (carril 1) como control negativo, pCIp39 (carril 3) o pCIsp41 (carril 5). La mustra cargada conteniendo rp39 o rsp41 (0,5ug) fue usada como
control positivo (carriles 2 y 4 respectivamente) Carril (MW), proteinas marcadoras de tamafio molecular.
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Figure 2. IgG antibody titers after immunisation with DNA vaccines for p39 and sp41. BALB/c mice (Five per group) were inoculated
intramuscularly with pCIp39 and pCIsp41 DNA vaccines. Mice that received a pCI injection were negative controls. Four and eight
weeks after the last immunisation , sera were collected from the experimental mice, and antibody titers were evaluated by ELISA. The
optical densities were measured at 450 and 630 nm. Data were represented the average of three independent experiments. The titer of
each serum was calculated as the reciprocal of the highest serum dilution yielding a specific OD higher than the cutoff value.

Titulos de anticuerpos IgG después de la inmunizacién con vacunas de ADN para p39 y sp41. Ratones BALB/c (cinco por grupo) fueron
inoculados por via intramuscular con vacunas de ADN pCIp39 y pCIsp41. Los ratones que recibieron una inyeccién de pCI eran controles negativos.
Cuatro y ocho semanas después de la udltima inmunizacion, se obtuvieron sueros de los ratones experimentales, y los titulos de anticuerpos fueron
evaluados por ELISA. Las densidades dpticas se midieron a 450 y 630 nm. Los datos representan el promedio de tres experimentos independientes. El
titulo de cada suero se calculé como el reciproco de la mayor dilucién de suero promediando un OD especifico més alto que el valor de corte.
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Figure 3. Lymphocyte proliferation assay. BALB/c mice were immunised with PBS, parental plasmid pCI or pCIp39-sp41. At week
4 or 8 after immunisation, Splenocytes from each mouse at 2 x 10° per well were prepared and stimulated in vitro with purified
recombinant protein (1 ug/mL): p39 (gray bars) or sp41 (white-black point bars) and bacteria lysate B. melitensis 16M (4 ug/mL) (black
bars) as the antigen. Either splenocytes were stimulated without antigen (white bars) as negative control. After 72 h of culture, 10 mL
of CCK-F working solution were added, 30 min later, the measure of the fluorescence intensity of each well was determined at 535
nm (excitation at 485 nm) using a fluorescence plate reader. Each sample was assayed in triplicate. Data represent the mean + standard
deviation (error bars) from the four mice.

Ensayo de proliferacion de linfocitos. Ratones BALB/c fueron inmunizados con PBS, plasmido pCI parental o pCIp39-sp41. En la semana
4 u 8 después de la inmunizacién, esplenocitos de cada ratén a 2 x 10° por pocillo se prepararon y se estimularon in vitro con la proteina recombinante
purificada (1 pg /ml): p39 (barras grises) o sp41 (barras de punto blanco y negro) y las bacterias lisado de B. melitensis 16M (4 pg /ml) (barras negras)
como antigeno. Cualquiera de los esplenocitos se estimularon sin antigeno (barras blancas) como control negativo. Después de 72 h de cultivo, se
afiadieron 10 ml de solucién de trabajo de CCK-F, 30 minutos mds tarde, la medida de la intensidad de fluorescencia de cada pocillo se determiné a
535 nm (excitacién a 485 nm) usando un lector de placas de fluorescencia. Cada muestra se ensay6 por triplicado. Los datos representan la media +
desviacion estandar (barras de error) de los cuatro ratones.

pClIp39+pClsp41 genetic vaccine induced significant and In addition, splenocytes stimulated with specific anti-
specific T-cell proliferation in response to p39 and sp41 gens could not produce IL-5 in any culture supernatants
recombinant proteins, comparing with PBS or pCI groups (data not shown). And also, pCI expressing vector and
(P < 0.05). In addition, and as a stimulus control, this PBS were elicited the same quantity of CMI.

suggested vaccine induced specific T-cell proliferation

in response to RPMI1640 medium. Splenocytes from all EFFICACY OF PCIp39 AND PClIsp41 IMMUNISATION IN
experimental groups revealed very similar proliferative GENERATING PROTECTIVE IMMUNITY AGAINST B.
responses to ConA mitogen throughout the study (data MELITENSIS 16M

not shown).

Figure 4 shows the cytokine-producing T-cell profiles Four weeks after the last immunisation, vaccinated
from splenocytes of five vaccinated mice per group, af- mice were i.p. challenged with B. melitensis 16M. Infec-
ter four weeks from the last immunisation of mice. The tion severity was determined by counting the bacterial
supernatants from splenocyte cultures of mice vaccina- CFU in the spleen, four and eight weeks post-challenge.
ted with pCIp39+pClsp41 vaccine and stimulated with Table 2 demonstrated that DNA vaccines produced
P39, sp41 proteins or Brucella extract, contained a sig- significantly higher degree of protection comparing
nificantly greater quantity of IFN-y comparing with mice with pCI (P < 0.05). Whereas, the reciprocal titers in
vaccinated with PBS or pCI (P < 0.007). In contrast, in the groups that received DNA vaccines were 1.37-log
vitro stimulation of splenocytes with RPMI1640 medium (P < 0.005) to 1.31-log (P < 0.05) more elevated com-
did not produce any quantity of IFN-y (figure 4). paring with control, 4 and 8 weeks post-challenge, re-
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Figure 4. IFN-y production, in vitro, by splenocytes from immunised mice upon stimulation with different antigens. BALB/c mice
were immunised with PBS, parental plasmid pCI or pCIp39-sp41. Mice were killed 4 or 8 weeks after the last injection. 2 x 10° CFU
of splenocytes were isolated and cultured in 96-well plates in triplicate without antigen (RPMI) as negative control, or with purified
recombinant protein (1ug/mL): p39 or sp41 and bacteria lysate B. melitensis 16M (4ug/mL) as the antigen. After 96 h, supernatants
were collected and tested for IFN-y production by sandwich ELISA.

La produccion de IFN-y, in vitro, por esplenocitos de ratones inmunizados tras la estimulacion con antigenos diferentes. Ratones BALB/c
fueron inmunizados con PBS, plasmido pCI parental o pCIp39-sp41. Los ratones fueron sacrificados 4 u 8 semanas después de la tltima inyeccion. 2 x
105 UFC de esplenocitos se aislaron y se cultivaron en placas de 96 pocillos por triplicado y sin antigeno (medio RPMI) como control negativo, o con
la proteina recombinante purificada (1 pg/mL): p39 o sp4l y lisado bacteriano de B. melitensis 16M (4 pug/mL) como antigeno. Después de 96 h, se
recogieron los sobrenadantes y se probaron para la produccion de IFN-y mediante ELISA sandwich.

Table 2. Protection of BALB/c mice against challenge with B. melitensis 16M after immunisation with DNA vaccine coding for p39
and sp41°.

Proteccién de ratas BALB/c contra desaffo con 16M B. melitensis después de la inmunizacién con la vacuna DNA codificando para p39 y sp41*.

Vaccine log,, CFU of B. melitensis 16M log,, units of protection
Mice group in spleen (mean + SD)
(n=4) 4w 8w 4w 8w
1 PBS 5.67+0.42 5.26+0.13 - -
2 pCI 5.71+0.29 5.36+0.11 - -
3 pCIp39+pClsp41 4.30£0.16 3.95+0.13 1.37¢ 1.31°
4 Rev.1 3.88+0.31 2.09+0.18 1.79¢ 3.17°

* Mice were challenged intraperitoneally with 10> CFU of the last immunisation.
" P <0.05,¢P< 0.005, (significant) compared to the control group.

spectively. In addition, reciprocal titers of the group that DISCUSSION

received live B. melitensis Rev.1 strain were 1.79-log

(P < 0.005) to 3.17-log (P < 0.05) more elevated com- Vaccination continues to be the most successful pro-
paring with control, 4 and 8 weeks post-challenge, re- cedure for preventing infectious diseases in animals and
spectively. In contrast, similar results were found in the humans (Srivastava 2003). The development of new ge-
control group and the group that received pCI. neration vaccine systems to prevent brucellosis is nee-
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ded to overcome the disadvantages of the currently used
live vaccines; such as, causing abortion in pregnant ani-
mals, pathogenicity for humans, and inducing antibodies
that interfere with the diagnosis of vaccinated animals
(Jacques et al 2007, Grill6 et al 2009). B. melitensis Rev.1
vaccine is currently the best vaccine for caprine and ovi-
ne brucellosis (Blasco 2010), despite it induces anti-LPS
responses making it difficult to distinguish vaccinated
from infected animals (Moriy6n et al 2004). Thus, the
development of a subunit vaccine free of B. melitensis
LPS would have significant benefits (Ficht er al 2009).
Several previously described DNA vaccines against Bru-
cella revealed that divalent vaccines could induce a more
intensive humoral and immune response than the univa-
lent vaccine (Luo et al 2006*°). Luo et al (2006°) found
that injection with pcDNA3.1-L7/L12-Omp16 divalent
DNA vaccine induced high titers of total IgG. In addi-
tion, intramuscular injection of plasmid DNA carrying
the BABI_0263 and BABI_0278 genes (pVF263 and
pVEF278, respectively) elicited specific humoral immu-
ne responses (IgG) in BALB/c mice (Sislema-Egas et al
2012). Our results revealed that the immunisation with
divalent DNA vaccine (pCIp39 and pClsp41) could in-
duce remarkably high titers of total IgG in BALB/c mice
(figure 2).

In mouse model, various candidates have been ex-
plored for their value as nucleic acid vaccines against
brucellosis providing various levels of specific cellular
immune responses. Intramuscular injection of plasmid
DNA carrying the BABI_0278 gene elicited a T-cell-
proliferative response and induced significant levels of
IFN-y upon re-stimulation with recombinant protein (Sis-
lema-Egas ef al 2012). Cassataro et al (2007) found that
a pcDNABLS induced a strong cellular response against
the inserted peptide. In addition, DNA vaccine encoding
omp31 gene (pTargeTomp31) elicited a T-cell-prolife-
rative response and induced a strong IFN-y production
upon re-stimulation with either the Omp31 antigen or
B. melitensis 16M extract (Gupta et al 2007). Whereas,
our results demonstrated that immunisation with pCIp39
and pCIsp41 DNA vaccines induced a high T-cell pro-
liferative response (figure 3) and high levels of IFN-y
(figure 4), without any detectable level of IL-5 (data not
shown), which indicates the induction of Thl cellular
response.

Based on these data, protective efficacy of the pCIp39
and pClIsp41 vaccines against challenge with B. meliten-
sis 16M shown increasing of reciprocal titers to 1.37-log
and 1.31-log, 4 and 8 weeks after the last immunisation,
respectively.

The survival time of B. melitensis 16M within mice is
longer than Rev.1 because it is capable of invading and
residing in professional phagocytes, such as macropha-
ges, as well as non-phagocytic cells (Guo et al 2012).
In addition, virulent Brucella organisms can replicate
within the phagosome, this mechanism is associated with
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the ability to inhibit phagolysosome fusion, degranula-
tion and activation of the myeloperoxidase-halide sys-
tem, and the production of tumor necrosis factor (Eskra
et al 2012). Because live smooth attenuated, Rev.1 strain
is unable to prevent such fusion, and then it is destroyed
by the lysosomal contents (Guilloteau et al 2006).

There are more T cell epitopes in the divalent than
in univalent DNA vaccine. It is also possible to create
multivalent DNA vaccines that might be able to stimu-
late immunity against a range of pathogens (Yang et al
2005). The i.m. pathway is the most common route of
DNA administration. In this study, we found that i.m. in-
jection of a DNA vector containing the DNA insert of
Brucella p39 and sp41 was able to generate a level of
protection higher than DNA vaccine encoding the L7-
L12 (Kurar and Splitter 1997), SOD (Oiiate et al 2003),
p39 (Al-Mariri et al 2001°) or BABI_0278 (Sislema-
Egas et al 2012), which induced a moderate protection
in BALB/c mice challenged with Brucella compared to
that observed in positive control mice vaccinated with
live vaccine S19. In contrast, Cassataro et al (2007)
found that the vaccination of BALB/c mice with the
DNA vaccine coding for the chimera BLSOmp31 (pCI-
BLSOmp31) provided similar protection as Rev.l aga-
inst B. melitensis. Moreover, Luo et al (2006°) found that
divalent DNA vaccine encoding both the L7/LI12 and
ompl6 genes elicit protective immunity against B. abor-
tus in BALB/c mice. In addition, Yu et al (2007) showed
that combined DNA vaccine encoding besp31, sod,
and L7/L12 confers high protection against B. abortus
2308.

Despite pCIp39+pClsp41 vaccine was not effective
8 weeks post-infection, we remain confident of the po-
tential of p39 and sp41 antigens. More investigations by
using new formulations of the pCIp39+pClsp41 plasmid
(e.g., adding CpG ODN as adjuvant), or a live delivery
vector, might offers the opportunity to increase the po-
tency of this candidate vaccine, which is currently under
investigation in our laboratory.

In conclusion, we have shown that inoculation of
plasmid DNA containing the pCIp39 and pClsp41 ge-
nes leads to the elicitation of both humoral and cellu-
lar responses of Th-1 type. A significant finding of this
study was that the protection achieved with pCIp39 and
pClsp41 was comparable to that induced by the live Rev.1
vaccine 4 weeks post-infection, but it was less 8 weeks
post-infection. Finally, plasmid DNA vaccination may be
a successful alternative method for conferring protection
against Brucella.
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