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Brucella abortus is an intracellular pathogen causing
cellosis, a world-wide zoonotic disease (Corbel, 1997).
cella is a Gram-negative bacteria and facultative

intracellular pathogen (Kim et al., 2013). Its virulence
depends on survival and replication properties in different
cell types avoid innate immune responses and to reach its
replicative niche (Atluri et al., 2011; Gorvel and Moreno,
2002). This bacterium causes inhibition of the bactericidal
functions of phagocytes, including phagolysosomal fusion
and neutrophil degranulation (Skendros et al., 2011).

Studies on Brucella pathogenicity have been primarily
focused in identifying virulence factors. Two sets of genes
have been shown to be essential in this process: those of
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A B S T R A C T

One of the properties of bacteria is their capacity to acquire large fragments of genomic

DNA from other bacteria or to loose important parts of their own genome. Such fragments

include genomic islands (GIs); nine GIs are present in Brucella, including genomic island 3

(GI-3), present in B. abortus, B. melitensis and B. ovis. The GI-3 have 29 open reading frames

(ORFs) most of them with unknown function. Within the GI-3, the ORFs BAB1_0267

encodes a hypothetical protein sharing a SH3 domain and BAB1_270 a zinc-dependent

metallopeptidase. We have obtained deletion mutants for BAB1_0267 and BAB1_0270

ORFs present within GI-3, which have been named the D0267 and D0270, respectively; in

both cases the mutation did not affect the growth of bacteria. Both mutants were

evaluated with respect to their growth rates, their ability to invade and replicate in the

non-professional and professional phagocytes, HeLa and J774.A1 cells, respectively. Their

persistence in the spleens of mice was also evaluated. The mutants efficiently invaded

HeLa and J774.A1 cells but both mutants showed a decreased intracellular survival in

macrophages and HeLa cells 72 and 96 h post-infection, respectively, and were non-

detected in J774.A1 cells 120 h post infection. With respect to in vivo persistence D0267

was detected through the fourth week while D0270 decreased at 7 days disappearing the

second week. Our results indicated that deletion of BAB1_0267 and BAB1_270 are

necessary to establish an optimal infectious process in B. abortus 2308, having more effect

the deletion of ORF BAB1_0270. Therefore these ORFs, principally BAB1_0270 are

important virulent of B. abortus.
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the type IV secretion system, essential for the intracellular
trafficking of the bacteria in host cells (Gomes et al., 2013;
Sieira et al., 2000) and those of the two-component
regulator BvrR–BvrS involved in cell invasion and intra-
cellular replication (Gorvel and Moreno, 2002; Guzmán-
Verri et al., 2002).

In Brucella, comparative analysis of genomes of three
species (B. suis, B. melitensis and B. abortus), revealed the
absence of classical virulence factors such as exotoxins,
flagella, capsules and type III secretion systems (Lamon-
tagne et al., 2010). However, 184 genes important for
survival and virulence have been found in all of these
three species, some of them present in genomic islands
(GIs) (Delrue et al., 2004). The region containing the
island 3 (GI-3) is shared by B. melitensis, B. abortus and B.

ovis (Mancilla, 2011) and it presents 29 genes encoding
mostly proteins with unknown functions (Ratushna
et al., 2006).

Based on a comparative bioinformatics analysis of GI-
3, we discovered two ORFs, BAB1_0267 and BAB1_0270,
which are possibly involved in the virulent capacity of
Brucella abortus. The ORF BAB1_0267 encodes a potential
protein with SH3 domains (SRC homology 3). It has been
found that SH3 is involved in pathogen–host interaction
influencing cell division (Bakal and Davies, 2000). In
Shigella it was found that a protein with SH3 domains
plays a role in entry of the bacteria to a host cell
(Bougnères et al., 2004). In other bacteria such as
Mycobacterium tuberculosis, it was shown that a Src
homology 3-domain interacts with TLR2 and triggers
functional maturation of human DCs, that contributes to
the Th2 cytokine profile (Bansal et al., 2010). The ORF
BAB1_0270 was recently reported as a zinc-dependent
metallopeptidase in B. abortus (accession AM040264.1).
Studies with some bacterial peptidases indicate that they
may play a role in the regulation of critical processes in the
host, including bacterial catabolism and in the degrada-
tion of intracellular peptides generated in response to
starvation (Barrett et al., 2004). In Helicobacter pylori a
peptidoglycan-modifying enzyme belonging to the family
of zinc-metallopeptidases was reported to be involved in
morphology and virulence of the bacterium. Deletion of

the zinc–metallopeptidase gene altered the virulence of
the bacteria by decreasing its colonization properties
(Bonis et al., 2010).

We have set out to investigate the role of both new ORFs
in controlling the virulence of B. abortus. Therefore, the aim
of this study is to evaluate the two deletion mutants in
ORFs BAB1_0267 and BAB1_0270 present within the GI-3
of B. abortus with respect to their ability to invade and
replicate in professional and non-professional phagocytic
cells. Their virulence capacity in mice was also investigat-
ed.

2. Materials and methods

2.1. Bacterial strains, plasmids, and growth conditions

All strains and some plasmids used in this study are
listed in Table 1. B. abortus wild type and B. abortus mutants
were cultured in Brucella broth (Becton, Dickinson and
Company, BD) and incubated at 37 8C. Escherichia coli

strains were cultured in Luria broth and incubated at 37 8C
(Céspedes et al., 2012).

2.2. Construction of mutants of B. abortus by deletion of

BAB1_0267 and BAB1_0270 ORFs

To assess whether the BAB1_0267 and BAB1_0270 ORFs
affect virulence of B. abortus 2308 mutant strains D0267
and D0270 were generated using the phage l red system,
according to that described previously (Datsenko and
Wanner, 2000). Briefly, 1010 CFU/ml of B. abortus 2308
were mixed with 200 ng of recombinant plasmid pSIM7
(l red) and pulsed with 2500 kV/5 ms and incubated at
30 8C for 72 h in Brucella agar plates supplemented
with 30 mg/ml chloramphenicol. After this time, colonies
were cultured in Brucella broth for 72 h followed by
incubation at 42 8C for 30 min since the genes, which
induce the homologous recombination process are acti-
vated at temperatures between 37–42 8C. Later, to
accomplish the mutation, kanamicyn resistance cassette
(km) was amplified by PCR from plasmid pKD4 employed
the primers 0267kan FW/0267kan RV and 0270kan

Table 1

Bacteria and plasmids used in this study.

Strain or plasmid Characteristics Reference or source

Brucella abortus 2308 Wild-type, smooth, virulent Laboratory stock

E. coli DH5a F-, ompT, hsdS (r�B, m�B), gal, dcm Laboratory stock

B. abortus D0267 B. abortus 2308 mutant to BAB1_0267, kmr This work

B. abortus D0270 B. abortus 2308 mutant to BAB1_0270, kmr This work

B. abortus D0267 (pVB1-267) B. abortus D267 complemented with vector pVB1-267,

ampr, kmr

This work

B. abortus DZ0270 (pVB1-270) B. abortus D0270 complemented with vector pVB1-270,

ampr, kmr

Plasmids

pSIM7 Plasmid with replication origin wide range and carrying

the genes of l recombinase temperature inducible

Donald L Court NCI. USA

pKD4 Plasmid carrying the kanamycin resistance gene (kmr) Laboratory stock

pVB1 Plasmid contains oriV and wild type trfA from RK2 which

gives the vector broad-host-range and contains the bla

gene encoding b-lactamase to enable selection with ampicillin.

(DualSystem Biotech AG Switzerland)
kmr, Kanamycin resistance; ampr, ampicillin resistance.
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/0270kan RV (Table S1). PCR product was purified and
troporated in 1010 CFU/ml of B. abortus 2308 strains

viously transformed with pSIM7. Finally, 100 ml of this
pension was incubated at 37 8C for 72 h in Brucella agar
tes supplemented with 50 mg/ml kanamycin for selec-

 of mutants. Colonies were screened by PCR using the
ers BAB1_0267 kmr (FW), BAB1_0267 kmr (RW) and

1_0270 kmr (FW), BAB1_0270 kmr (RW) (Table S1)
tta and Costantino, 2006).

 Generation of complemented D0267 and D0270 strains

In order to ensure that possible changes observed were
 to the D0267 and D0270 mutant strains, two strains
plemented with their respective ORFs linked to the

tor pVB1 were prepared (DualSystem Biotech AG,
itzerland). A fragment of 366 bp containing the ORF
1_0267 and another of 561 bp containing ORF
1_0270 were amplified using primers carrying cutting

uences for EcoRI and BamHI enzymes at their ends
ble S1). Later, these fragments were purified and cloned

 pVB1 using the enzyme T4 DNA ligase, to generate two
smids named pVB1-267 and pVB1-270. Then pVB1-267

 pVB1-270 were electroporated within their respective
tant strains and incubated at 37 8C for 72 h in Brucella
r plates supplemented with 100 mg/ml of ampicillin,
reby generating the D0267(pVB1-267) and
270(pVB1-270). The pVB1 expression vectors comprise

 most versatile and sophisticated system available for
duction of recombinant proteins. The system combines

 unique properties: the highly customizable Pm/xylS

ression system and a broad-host-range RK2 minimal
licon. The pVB1 vectors are ideal for high-level,
trollable recombinant protein production in Gram-
ative bacteria.

 Growth curve

To analyze whether the deletion of BAB1_0267 and
1_0270 ORFs affected the growth rate of B. abortus

8, growth curves were plotted for B. abortus 2308,
tants strains (D0267, D0270) and complemented
ins: D0267(pVB1-267) and D0270(pVB1-270). For this
pose, 100 ml of each strain (all at an OD600 of 0, 5) was
tivated in Brucella broth (Becton, Dickinson and

pany, BD) and incubated at 37 8C for 144 h. Growth
s determined by measuring OD600 after 12, 24, 48, 72,
 120 and 144 h.

 Intracellular survival in non-professional and

fessional phagocytic cell

To assess whether the mutation of the BAB1_0267and
1_0270 ORFs affected the ability of B. abortus 2308 to

licate within professional and non-professional phago-
ic cells, intracellular survival assays using J774 macro-
ges and HeLa cells were performed as described
viously (Céspedes et al., 2012). Briefly, B. abortus

8 suspension was added to HeLa or J774 cells at a
:1 or 50:1 multiplicity of infection (MOI), respectively
nomi et al., 2010; Bukata et al., 2008). After 4, 24, 48, 72,

96, 120 and 144 h post-infection, the cell monolayer was
washed, lysated and plated on Brucella agar plates
supplemented with 5% fetal bovine serum and 50 mg/ml
of kanamycin for the mutant or 100 mg/ml of ampicillin for
complemented strains; finally, the number of CFU/ml
recovered was determined.

2.6. Persistence in the spleen of BALB/c mice

To test whether the deletion of the BAB1_0267 and
BAB1_0270 ORFs affects the ability of B. abortus 2308 in

vivo, assays were performed in the murine model (Silva
et al., 2011). For this, BALB/c mice were intraperitoneally
injected with 105 CFU/ml of the mutant strains, the
complemented strains and B. abortus 2308 (Ugalde et al.,
2000). One, three, seven days, and two, four and six weeks
after infection, animals were sacrificed by cervical
dislocation to extract their spleens. Subsequently, spleens
were homogenized in PBS and serial dilutions were
performed which were plated on Brucella agar to deter-
mine the number of CFUs recovered per spleen from each
strain. Ethical approval to carry out these procedures was
obtained from the Universidad de Concepción Ethical
Committee.

2.7. Statistical analysis

To analyze whether there is difference between the
experimental groups compared with the control group,
two-way ANOVA and multiple comparison analysis
(Tukey) were performed.

3. Results

3.1. Sequence analyses of BAB1_0267and BAB1_0270

The BAB1_0267 and BAB1_0270 ORFs are located in the
genomic island 3 (GI-3) reported in B. abortus and B.

melitensis (Ratushna et al., 2006). Amino acid sequences
predicted by PSI-BLAST (Altschul et al., 1997), show that
ORF BAB1_0267 encodes a hypothetical protein of 117
amino acids and shares a SH3 domain. ORF BAB1_0270
encodes a protein of 182 amino acids; analysis of the
deduced amino acid sequence showed a 100% identity with
a Zn-dependent metallopeptidase reported in other
species like Salmonella typhimurium, Pseudomonas fluor-

escens and Bacillus subtilis.

3.2. The growth rate in the mutant strains D0267 and D0270

is similar to the complemented strains and B abortus 2308

In order to determine whether the deletion of the
BAB1_0267 or BAB1_0270 ORFs affect growth of B. abortus

2308 in culture media, the growth of each strain under
study was analyzed (Fig. 1). The growth curves obtained for
the D0270 mutant strains were similar to the growth
curves for the wild-type 2308 strain and complemented
strains D0270 (pVB1-270). Moreover, the mutant strain
D0267 shows a growth curve nearly similar to the growth
curves for the wild-type 2308 strain and complemented
strains D0267(pVB1-267), except for a slight reduction in
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growth at 48 and 60 h post inoculation. These results
suggest that the lack of these ORFs is not lethal to the
bacterium and it does not affect rate of growth in the
culture medium.

3.3. Deletion of BAB1_0267 and BAB1_0270 affects the ability

of B. abortus 2308 to proliferate within professional and non-

professional phagocytes

As shown in Fig. 2A, the mutant strains were internal-
ized to the same speed as the complemented strains and
the 2308 strain, observed that 4 h after infection of
macrophages J774.A1 with the different strains studied,
no difference in the number of CFU/ml from the cells
infected with the mutant strains and was infected with the
complemented strains or the wild type B. abortus 2308 (i.e.

approximately 2.2 log10 CFU/ml). However, although there
was no significant difference at 24 h post infection, the
mutant strains were recovered in lower numbers com-
pared to the wild type strain, indicating that after 4 h of

infection, complemented strains and B. abortus 2308 began
to multiply at a faster rate than the mutated strains D0267
and D0270. Most evident results are observed at 72 and
96 h, where a significant decrease in the mutant strains
compared with B. abortus 2308 and complemented strains
D0267 (pVB1-267) and D0270 (pVB1-270), disappearing
at 120 h post-infection.

Subsequently the same analysis was performed but, in this
case, using HeLa cells infected with the same bacterial strains.
As seen in Fig. 2B, 4 h after infection the same behavior
observed in professional phagocytes was seen, as the number
of CFU/ml recovered from the HeLa cells infected with both
mutant strains was similar to the number of CFU/ml
recovered from the cells infected with the complemented
strains and B. abortus 2308 (i.e. approximately 2.2 log10 CFU/
ml). After 24, 48 and 72 h post-infection, the mutant strains
were recovered at a lower number compared to the wild type
strain, however, no significant difference was found. Most
evident results are observed at 96 h, where a significant
reduction of the mutant strains is observed reaching
approximately 1.5 log10 CFU/ml lower than B. abortus 2308
and complemented strains (p < 0.001). These results indicate
that deletion of BAB1_0267 and BAB1_0270 ORFs affects the
survival of the bacteria within professional and non-
professional phagocytes.

3.4. The survival of D0267 and D0270 is attenuated in mice

After evaluating the effect of the deletion of the
BAB1_0267 and BAB_0270 ORFs in vitro, the effect of
these deletions on B. abortus 2308 was determined in vivo

by determining bacterial loads in the spleen of infected
mice.

Table 2 shows that at 24 h post-infection few bacteria
were recovered in the spleen of mice infected for all
experimental groups; this is consistent with the notion
that Brucella must move from the peritoneal cavity to the
spleen leading to septicemia. However, at 72 h post

Fig. 1. Growth curves of B. abortus 2308 (Wt) (open triangle), B. abortus

D0267 (open circle), B. abortus D0270 (open square), complemented

D0267 (pBV1-267) (closed circle) and complemented D0270 (pBV1-270)

(closed square).

Fig. 2. Intracellular survival of mutant strains D0267 and D0270 and B. abortus strain 2308 in professional and nonprofessional phagocytes. (A) J774.A1

macrophages were infected at a MOI of 50:1. B. abortus2308 (Wt) (open triangle), B. abortus D0267 (open circle), B. abortus D0270 (open square),

complemented D0267 (pBV1-267) (closed circle) and complemented D0270 (pBV1-270) (closed square). (B) HeLa cells were infected at a MOI of 500:1. At

different times after infection, the cells were lysed, and the numbers of viable intracellular bacteria (CFU/ml) were determined. Results correspond to a

representative experiment out of two separate experiments. For each time point and each strain results are expressed as means and standard deviations. ***
p < 0.0001, ** p < 0.001 when compared to parental B. abortus 2308.
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ction, the persistence of D0270 was lower compared to
 wild type strain and the complemented strains, this
erence was even more striking seven days after
ction where 2.2 log10 CFU/spleen least were recovered
pared with control strains B. abortus 2308. Two weeks
r infection, the persistence of D0270 strain was down

zero confirming that deletion of the ORF BAB1_0270
erates a significant attenuation in virulence of B.

rtus 2308. Unlike for D0270 strain, until day 14 post-
ction no significant differences were observed in the
ber of colonies recovered from the spleen of the

267 strain compared to B. abortus 2308 and comple-
nted strain D0267(pVB1-267) and 28 days post-
ction a significantly lower number of CFUs when
pared to control strains was recovered.

iscussion

Little is known about the cellular and molecular
chanisms used by B. abortus to survive and replicate
hin host cells. It has been suggested that the protection
he host against this bacterium is mediated by Th1 CD4+

ells, which secrete interferon gamma (IFN-gamma) to
ulate bactericidal activity and CD8+ T cell cytotoxic

ivity (Vitry et al., 2012). To date, few specific B. abortus

igens involved in the stimulation of protective cell-
diated immunity have been described. It is therefore
essary to identify new proteins in the bacteria, which
ht be critical for B. abortus infection and thus being able
ecome target for new vaccination. We have recently

wn that some of the antigens involved in the virulence
he bacteria are present in GI-3 of the chromosome I of B.

rtus 2308 (Céspedes et al., 2012). In an effort to identify
ential virulence factors in B. abortus, we have focused
ORFs BAB1_0267 and BAB1_0270 gene of the GI-3
jashekara et al., 2004).
We have conducted bioinformatic analysis of the ORF
1_0267 and revealed the presence of a SH3 domain,

ich is present in proteins of the signaling pathways
ulating cytoskeletal, tyrosine kinases, and the state of
ivity of adapter proteins (Elena et al., 2011; Stoll and
serhoff, 2008). In bacteria, these domains are present in
tein that regulates a variety of cellular processes,
luding chemotaxis, osmoregulation and sporulation of

 bacterium (Bilwes et al., 1999). In Mycobacterium

interacts with Toll Receptor Type-2 (TLR-2) and activated
the maturation of dendritic cells. However, a link with the
secretion of high amounts of Th2 cytokines was observed,
while Th1 cytokines such as IL-12 were not induced. This
suggests that SH3 domains in Mycobacterium tuberculosis

could act as immunomodulators allowing evasion of
mycobacteria by activating a Th2 response (Bansal et al.,
2010). This is of importance considering that in intracellu-
lar microorganisms such as Brucella sp., requires a Th1
mediated cellular immune response in order to be
eliminated. So in Brucella this domain could have a role
in their ability to survive within phagocytes since when
macrophages were infected with B. abortus mutant D0267,
72 h post-infection a significant decrease in the ability of
bacteria to replicate was observed, this difference was
reversed by the complemented strain B. abortus pVB1-267
showing a similar number of CFUs to the ‘‘Wild-type’’
strain. Furthermore, it was found that mutant D0267
exhibited attenuated growth in HeLa cells. These results in
professional and non-professional phagocytes were con-
firmed in the mouse model, observing a significant
reduction two weeks after infection, suggesting that B.

abortus 2308 requires expression of BAB1_0267 for
survival of the bacterium.

The other ORF studied was BAB1_0270 a zinc depen-
dent metallopeptidase. It was studied in Salmonella

enterica and Lactococcus lactis, indicating that these
proteases may have a role in the regulation of critical
processes in the host in order to survive (Mathew et al.,
2000; Uzelac et al., 2013). A virulence factor that is
involved in the cleavage of the host extracellular matrix is
important in the process of bacterial dissemination and/or
invasion (Soares et al., 2008). We by contrast, observed
that this protein may not participate in the invasion stage
of the HeLa cells and macrophages, because four hours
post-infection the mutants and wild-type virulent strain
2308 were recovered in a similar number of CFU/ml,
however, 96 h after infection a significant decrease in the
count of CFU/ml of the B. abortus mutant D0270 compared
to the wild type, this result could lead us to think that in B.

abortus 2308 this protein could act as a protease involved
in the survival of the bacteria since deletion of this gene
affects the ability of intracellular replication of the
bacteria. Most marked results, observed in vivo, were
significant reduction in the number of bacteria observed

le 2

B/c mice spleen colonization by B. abortus D0267, B. abortus BAB1_0270 mutants, the complemented B. abortus D0267 (pVB1-267), D0270 (pVB1-270)

 the parental B. abortus 2308 strain.

ucella

ortus strain

One day

post infection

(mean � SD)

Three days

post infection

(mean � SD)

Seven days

post infection

(mean � SD)

Two weeks

post infection

(mean � SD)

Four weeks

post infection

(mean � SD)

Six weeks

post infection

(mean � SD)

08 0.952 � 0.028 2.874 � 0.017 3.944 � 0.027 4.345 � 0.017 1.838 � 0.023 1.823 � 0.025

267 0.881 � 0.036 2.838 � 0.013 3.895 � 0.17 3.771 � 0.065 0a 0a

0270 0.602 � 0.02a 2.098 � 0.036a 1.767 � 0.077a 0a 0a 0a

267 (pVB1-267) 0.937 � 0.017 2.790 � 0.012 3.874 � 0.017 3.929 � 0.013 1.568 � 0.137 1.543 � 0.082

0270 (pVB1-270) 0.918 � 0.036 2.834 � 0.011 3.883 � 0.019 4.272 � 0.013 1.77 � 0.025 1.67 � 0.019

0 CFU of B. abortus in spleen of BABL/c mice inoculated intraperitoneally with 105 CFU of parental B. abortus 2308, both mutants D0267 and D0270 or

plemented D0267 (pVB1-267) and D0270 (pVB1-270).

p < 0.05 (significant) as compared with mean value for control mice inoculated with the parental B. abortus 2308 strain.
 24 h post-infection. Further, 14 days after infection no
erculosis it was demonstrated that this domain SH3 from
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bacteria were recovered from the spleen of infected mice.
Similar results were found in a study in Helicobacter pylori

where to infect mice orally with mutated strains for a
metallopeptidase, the ability of the mutant to colonize the
gastric mucosa of the mouse after 1, 4 and 7 days, was
affected compared to the parental strain (Bonis et al.,
2010).

In conclusion these results suggest that the deletion of
BAB1_0267 and BAB1_0270 ORFs in B. abortus 2308 affects
the process of cell invasion, the efficiency of bacterial
growth within non-professional and professional phago-
cytes and its virulence in BALB/c mice and therefore affects
host–pathogen interaction needed to be established in
infection.
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