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ABSTRACT
Brucella is pathogenic bacteria that cause animal and human brucellosis. Currently, the mechanism behind
the pathogenesis of Brucella remains unclear. For this reason omp10 mutant was constructed to examine
the impacts of the outer membrane protein 10 (Omp10) on bacterial survival, virulence, phagosomelysosome fusion, and apoptosis induction, as assessed in appropriate in vitro (cell culture) and animal
models. Results showed the omp10 mutant was dramatically attenuated for survival in macrophages and
mice than the parent strain 2308. With decrease in the spleen/body weight ratios of mice infected with
omp10 mutants were noted, inhibition of phagosome-Lysosome fusion was dramaticly impaired, and
profound increase of apoptosis rate after exposure of RAW264.7 to omp10 mutants at 12 h, 24 h and 48 h
compared to RAW264.7 exposed to 2308. Results indicate that Δomp10 mutant would affect its survival
and pathogenicity.

INTRODUCTION

B

rucella is gram-negative bacteria and host specific
intracellular pathogens that cause human disease and
infection of livestock, leading to significant worldwide
economic losses. Brucella abortus is the causative agent
of brucellosis in cattle which results in abortions or birth
of weak calves. In humans, chronic Brucella infection can
lead to reproductive defects as well as undulant fever. It
is also wide-spread zoonotic infection in the developing
as well as many developed countries (Boschiroli et al.,
2001; Seleem et al., 2010). The mechanism of entry into
macrophage and intracellular trafficking varies based on the
opsonization status of the Brucella (Gorvel and Moreno,
2002). Brucella is able to multiply within professional and
nonprofessional phagocytes, but the exact mechanisms
whereby B. abortus intracellularly parasitize the hosts are
still unclear (Kim et al., 2012).
Outer membrane proteins (Omps) are important
immunogens in most of the gram negative bacteria
(Moriyón and López-Goñi, 2010). The molecular
characterization of several Omps has been reported over
the past years (Caro-Hernández et al., 2007). The gene
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omp25, omp31 and omp2b encoding the major 25-, 31-,
and 36-kDa Brucella Omps, respectively, have been
cloned and sequenced. Omp2b functions as a porin. The
cloning and sequencing of the gene encode three less
abundant (minor) Omps has been previously reported.
These three minor Omps are expressed in all six species
and all of their biovars (Caro-Hernández et al., 2007;
Estein et al., 2003; Jubier-Maurin et al., 2001; Mobasheri
et al., 1997; Tibor et al., 1999). Omp10 and Omp19 are
among the most abundant proteins in the outer membrane
of Brucella, having similar antigenic determinant with
rhizobia bacteria. Decreased virulence was shown by
Δomp19 mutant strains (Pasquevich et al., 2009; Tibor et
al., 2002; Verstreate et al., 1982).
Brucella has the ability to enter phagocytic and
non-phagocytic cells by endocytosis, among which
macrophages are major targets in the process of infection,
and survive in Brucella-containing vacuole (BCV) (PizarroCerdá et al., 1998a). Typically, survival of Brucella relies
upon avoiding fusion of the intermediate BCVs with
lysosomes. Cyclic glucans have been proven to modulate
maturation of BCVs to avoid fusion with lysosomes
(Arellano-Reynoso et al., 2005). It also has been proven
that the rough LPS mutants of B. suis lacking the LPS
O-chain entered cells by lipid raft-independent pathway
and BCV fuse rapidly with lysosomes (Porte et al., 2003).
In recent years, chronic Brucella infection have
trended upward, which is seriously harmful to human
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health and economic development (Olsen and Stoffregen,
2005). However, the mechanisms underlying the
pathogenesis of Brucella remains unclear. Omp10 is the
major outer membrane protein of Brucella and also key
virulence factor closely related to intracellular survival of
Brucella (Tibor et al., 2002). Here we focused on the role
of the Omp10 in intracellular survival and pathogenicity in
infected mice. This study might reveal further pathogenic
mechanisms of Brucella.

MATERIALS AND METHODS
Bacterial strains, cell lines, mice
B. abortus strain 2308 was obtained from the Center
of Chinese Disease Prevention and Control (Beijing,
China) and B. abortus 2308 Δomp10 deletion mutant
was engineered for this study. The B. abortus strains
were cultured in tryptone soya agar (TSA) or tryptone
soya broth (TSB) (OXOID, England). Following two
days of incubation, pure culture of each strain was
harvested in normal saline and pelleted by centrifugation
(1700 xg). The pellet of each strain was washed twice
with phosphate-buffered saline (PBS) (1M, PH=7.4).
Escherichia coli strain DH5α was grown on Luria-Bertani
(Difco, Becton Dickinson) plates or in broth overnight
at 37°C with or without ampicillin (50 mg/liter). The
RAW264.7 murine macrophage was purchased from Cell
Resource Center, IBMS, CAMS/PUMC (Beijing, China),
which was maintained at 37°C in 5% CO2 atmosphere in
DMEM (Gibco, USA) containing 10% fetal bovine serum
(FBS) (Gibco, USA). Cells were plated in 6-well tissue
culture plates (Nalge Nunc International, Naperville, and
III). Six-week-old BALB/c female mice were obtained
from Experimental Animal Center of Academy Military
Medical Science (Beijing, China). All experimental
procedures and animal care were performed in compliance
with institutional animal care regulations
Construction of the 2308 Δomp10 deletion mutant
The 2308 Δomp10 deletion mutant was constructed
in 2308 as previously described with some modifications.
The sequence upstream of the omp10 gene was amplified
from B. abortus 2308 with the primer pair 5’-GGA TCC
TAT AGG GCT GGA GCC ATT CT-3’and 5’-CTA ATG
GAG AGC ATG GAC TCC CTT TTT GGA AAA CAG
AA -3’ the sequence downstream of omp10 was amplified
with the primer pair 5’-GTC CAT GCT CTC CAT TAG
AAA-3’ and 5’-GAG CTC GCG TGA AGG GTA TCC
ATA TC-3’. These two products were ligated to one
another via overlapping PCR with BamH I and Sac I sites
(underlined) engineered between the two sequences. And
a SacB gene (1477bp), which is a selectable marker gene

from B. subtilis. Primer sequences are the following:
SacB-F, 5’-GAG CTC GGG CTG GAA GAA GCA GAC
CGC TA-3’, SacB-R, 5’-GAG CTC GCT TAT TGT TAA
CTG TTA ATT GTC C-3’, and inserted within the vector
at the unique Sac I site (underlined). Those products were
then ligated to pGEM-7zf+ to generate suicide plasmid
pGEM-omp10-SacB (pOS). Competent B. abortus 2308
was electroporated with pOS and potential 2308 Δomp10
deletion mutant was isolated by its Ampr and sucrose
phenotype. The mutant was further confirmed by PCR
amplification with primers omp10-I-F (5’-GTG CCG AGA
TTG ACC AGC-3’) and omp10-I-R (5’-GCC ACT ATG
CCT ACC ACC C-3’), which are located in upstream and
downstream of homologous arm of omp10, respectively.
PCR products were sequenced to confirm the product.
Determination of intracellular viability
Macrophages were seeded in six-well plates and filled
with DMEM with 10% FBS, infected at a multiplicity of
infection (MOI) of 1:100 at 37 °C with B. abortus 2308
and B. abortus 2308 Δomp10. 45 min incubation, the cells
were washed 3 times with medium without antibiotics
and then incubated with 50 μg/ml of gentamicin for 1 h
to kill extracellular bacteria. After 1, 4, 12, 24, 48 h postinfection and bacteria were collected. And the live bacteria
were enumerated by plating on TSA plates. All assays were
performed in triplicate and repeated at least three times.
Virulence determination in mice
To test the virulence of B. abortus 2308 Δomp10
deletion mutant, groups of six-week-old female BALB/c
mice were inoculated intraperitoneally (i.p.) with 1×105
CFU of B. abortus 2308 Δomp10 deletion mutant and B.
abortus 2308. At 3, 5, 7, 14 and 28 days post-inoculation,
five mice from each treatment group were euthanized
by CO2, spleens were weighed, and bacterial survival
was determined following homogenization of the mouse
spleens in 1 ml of saline. Serial dilutions of the spleen
homogenates were placed on TSA plates for bacterial
enumeration and to assess the virulence of each strain.
For pathological studies, spleens and livers from
infected and PBS-treated mice were fixed in 10% neutral
buffered formalin, processed and stained with hematoxylin
and eosin or Giemsa stain.
Phagosome-lysosome fusion measurement
Cells were seeded on glass coverslips and infected
by all of the strains as described above. After 4, 12, 24,
48 h post-infection, cells were washed three times with
PBS (1M, PH=7.4), 5 min each time. Green fluorescence
from Cell Navigator Lysosome Staining Kit was added
to cells in 6-well plate and incubated for 2 h. Then cells
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were washed three times before and fixed for 30 min in
4% paraformaldehyde. Then the cells were washed three
times again and permeabilized for 10 min in 0.3% Triton
at room temperature. Then the cells were incubated for
20 min by 1% Bovine Serum Albumin (BSA). Coverslips
were washed three times with PBS (1M, PH=7.4). Then
coverslips were incubated with the primary antibodies in
PBS sheep anti-B.abortus IgG antibodies for 2 h at 37°C
or overnight at 4°C, washed in PBS, and then incubated
with the secondary antibodies Rhodamine (TRITC)
conjugated AffiniPure donkey anti-sheep IgG antibodies
for 1 h at 37°C. The coverslips were mounted onto glass
slide using 50% glycerinum. Cells were observed by
confocal laser scanning microscope (Zeiss LSM710) used
64×oil immersion objectives. To determine the percentage
of bacteria that colocalized with the lysosome marker
100 intracellular bacteria were counted. The assays were
performed three times.
Flow cytometry
Apoptosis of RAW264.7 was studied by flow
cytometric analysis. After the infection of RAW264.7 by
Δomp10 and 2308, about 1-5×105 cells of each sample
were collected, suspended with Binding Buffer and treated
by Annexin V-FITC and PI at room temperature. After
5-15 min reaction in the dark we detected the apoptosis
of RAW264.7 using flow cytometer. The assays were
performed in three times.
Statistical analysis
To determine the significance of differences observed
in our experiments, pairwise comparisons were performed
by Scheffe tests, after a two-way analysis of variance
providing the residual mean square estimate with the
highest available degree of freedom number.
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abortus 2308 Δomp10 mutant compared with that of B.
abortus 2308. And at 48 h post-infection, the decrease in
the number of B. abortus 2308 Δomp10 mutant was more
significant (3.86-log fold; P <0.01) compared with B.
abortus 2308 (Fig. 1).

Fig. 1. Intracellular survival of B. abortus 2308(♦), Δomp10
(■) mutants in murine RAW264.7 cells. Macrophages
were infected with the strains, and incubation at 37 oC
for the indicated time. Bacteria intracellular growth in
RAW264.7 cells was determined at different incubation
time points by counting the viable intracellular bacteria.
Each point represents the mean±standard deviation of
three experiments. Statistically significant differences
between the bacterial growth of the parent strain and the
mutants are indicated by asterisks (***, P<0.001).

RESULTS
B. abortus 2308 ∆omp10 mutant is attenuated compared
with B. abortus 2308 for survival in RAW264.7 murine
macrophages
RAW264.7 macrophages were infected with the B.
abortus 2308 and Δomp10 mutant at a MOI of 1:100 and
the bacteria the survived were enumerated. At 0 h, there
were no significant difference in the number of survived
bacteria between the Δomp10 mutants and B. abortus 2308
strains. 4 h post-infection, the number of bacteria had an
initial decrease in both group. By 12 h post-infection, there
was a 1.12-log (P <0.05) decrease in the bacteria number
of B. abortus 2308 Δomp10 mutant compared with that
of B. abortus 2308. At 24 h post-infection, there was a
2.89-log (P <0.01) decrease in the bacteria number of B.

Fig. 2. Survival of B. abortus 2308 Δomp10 in the mouse
model. Each group of mice was infected intraperitoneally
with B. abortus 2308, Δomp10 mutant strains. Mice were
infected by intraperitoneal injection with 1×105 Brucella.
The values are shown as means ± SEM of samples from 10
mice. Each point represents the mean±standard deviation
of three experiments. Statistically significant differences
between the bacterial growth of the parent strain and the
mutants are indicated by asterisks (***, P<0.001).
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Survival of B. abortus 2308 Δomp10 in the mouse model
To evaluate the survival capability of mutants, the
mice were inoculated i.p 1×105 CFU of B. abortus 2308
and B. abortus 2308 Δomp10. Compared to B. abortus
2308, splenic CFU in B. abortus 2308 Δomp10 infected
mice were significantly reduced (P <0.01) at 7, 14, 21,
28, 35, 42 days. The counts of bacteria in spleens from
mice infected with B. abortus 2308 Δomp10 mutants were
always significantly lower than B. abortus 2308-infected
mice during the 2-8 weeks, which indicates that survival
capability of B. abortus 2308 Δomp10 mutant was
attenuated (Fig. 2).

Fig. 4. Virulence of B. abortus 2308 Δomp10 in the mouse
model. Liver pathological section (A1-F1), the effect of
2308 on liver (A1, D1), the effect of Δomp10 on liver (B1,
E1), the PBS control (C1, F1); Spleen pathological section
(A2-F2), the effect of 2308 on spleen (A2,D2), the effect
of Δomp10 on spleen (B2, E2), the PBS control (C2, F2).

Fig. 3. The changes of spleen weight/body weight at
different time points post-infection. At different time
points (3d, 5d, 7d, 14d, 28d) after infection, five mice
were sacrificed, quickly removed the spleen and weighed.
Statistically significant differences between the bacterial
growth of the parent strain and the mutants are indicated
by asterisks (***, P<0.001).

Virulence of B. abortus 2308 Δomp10 in the mouse model
Decreases in the spleen/body weight ratios of
mice infected with omp10 mutants were noted, with
no significant difference compared to the PBS control.
However, enlarged spleens were observed in 2308-infected
mice (Fig. 3). The typical tissue response to Brucella
infection is granulomatous inflammation. However, in the
spleen and liver of mice B. abortus 2308 Δomp10 infection
resulted in development of characterized by slight
vasculitis and thrombosis, seldom influx of neutrophils
(Fig. 4). Collectively, these data demonstrate a critical
role for omp10 in modulating the initial inflammation and
pathology in response to B. abortus infection, which in turn
benefits the pathogen due to enhanced bacterial survival.

Comparison of phagosome-lysosome interaction between
the parent strain and mutant
Phagosome-lysosome fusion was evaluated by the
colocalization of both markers, and the markers were
described in materials and methods (Fig. 5A). B. abortus
2308 Δomp10 is decreased compared with B. abortus
2308 for phagosome-lysosome fusion in RAW264.7
murine macrophages, 9% of Green Fluorescencelabelled phagosomes colocalized with lysosome at 4 h
post-infection. Patterns were similar at 24 and 48 h postinfection (31% and 76%) (Fig. 5B). In contrast, only
<10.0% of labelled phagosomes colocalized with these
markers at 4 h and 24 h post-infection (Fig. 5B). All results
showed that compared with B. abortus 2308, B. abortus
2308 Δomp10 couldn’t inhibit the fusion of the phagosome
and lysosomal.
The effect of Δomp10 on the apoptosis of RAW264.7
About 1-5×105 RAW264.7 cells infected with B.
abortus 2308 and B. abortus 2308 Δomp10 were collected
and suspended with Binding Buffer and treated by
Annexin V-FITC and PI at room temperature. After 5-15
min reaction in the dark we detected the apoptosis of
RAW264.7 using flow cytometer (Fig. 6A). The results
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showed that B. abortus 2308 Δomp10 compared with B.
abortus 2308 couldn’t inhibit cell apoptosis (Fig. 6B),
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indicating that the cells apoptosis was increased in B.
abortus 2308 Δomp10 groups.

Fig. 5. Interaction of B. abortus 2308- and mutants-containing phagosomes with lysosomes in RAW264.7 macrophages. B.
abortus were labeled with sheep anti-B. abortus IgG antibodies and Rhodamine (TRITC) conjugated AffiniPure donkey antisheep IgG antibody, lysosomes were labeled with Cell NavigatorTM Lysosomes Staining Kit Green Fluorescence. A, cells were
fixed at different time points after infection. Confocal images of cells containing B. abortus were obtained at 4 h post-infection; B
percentage of phagosome-lysosome fusion at different time points after infection. Fusion was evaluated by the colocalization of
markers, Green fluorescein and TRD. To determine the percentage of fusion, bacteria were analyzed at each time point.

Fig. 6. Flow cytometric analysis of RAW264.7 macrophages exposed to B. abortus 2308 and omp10 mutants. RAW264.7
macrophages were suspended with Binding Buffer and treated by Annexin V-FITC and PI at room temperature. A, cells were
collected at different time points after infection, cell apoptosis images containing B. abortus. B, percentage of apoptosis at
different time points after infection.
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DISCUSSION
Omps of Gram-negative bacteria, play an important
role in bacterial pathogenesis (Krinos et al. 1999).
Brucella Omps are essential for antibiotic resistance,
virulence regulation, and other unknown functions in
bacteria (Verstreate et al., 1982). Brucella Omp10 belongs
to lipoprotein (Tibor et al., 2002), which is one of the most
abundant proteins in the outer membrane of Brucella, has
been shown to play key roles in nutrient uptake, signal
transduction, adhesion and antibiotic resistance (Kim et
al., 2012).
We constructed the deletion mutant of omp10, which
showed that the intracellular viability of the omp10 mutants
in RAW264.7 cells were decreased compared to that of the
parent strains. Surface properties changed by Omp10 may
influence the intracellular viability of bacteria.
B. abortus inhibited phagosome-lysosome fusion
after uptake by macrophages, allowing survival and
replication (Pizarro-Cerdá et al., 1998b; Weber et al.,
2009). However, inhibition of phagosome-Lysosome
fusion was strikingly impaired by omp10 mutants,
suggesting that the lipoprotein contributes to intracellular
trafficking of B. abortus within phagocytes. B. abortus
could inhibit apoptosis of macrophages through the
dependence of O side chain of polysaccharides after
infection (Maria-Pilar et al., 2005). However, suppression
of apoptosis was attenuated by omp10 mutants as shown
in our study, since deletion of the omp10 may affect the
Brucella outer membrane lipid, and influence the surface
properties of the Brucella lipopolysaccharide (Tibor et al.,
1999). We also found that survival of omp10 mutants in
mouse model was attenuated, correlated with defective
intracellular survival as assessed in RAW264.7 cell
model. Indeed, lipoproteins are crucial for the survival of
B. abortus in mice. Splenomegaly induced by B. abortus
was also ameliorated by omp10 mutants at 2 weeks postinoculation. These results, together with previous reports
suggest that lipoprotein is the key mediator of the proinflammatory response (Giambartolomei et al., 2004), as
well as vital factor needed to evade lysosome fusion to
multiply inside the phagocytes (Kim et al., 2002; Naroeni
et al., 2001; Naroeni and Porte, 2002; Porte et al., 2003;
Starr et al., 2008). Other pathogenic bacteria are known to
avoid fusion with lysosome as has been demonstrated with
Mycobacterium avium and Mycobacterium tuberculosis
(Armstrong and Hart, 1971). Legionella is another
intracellular pathogen that is well adapted to life inside
phagosome (Amer et al., 2006). Virulent strain 2308
possesses mechanisms to escape lysosome degradation
(Pizarro-Cerdá et al., 1998b). In contrast, it is clear that
the Δomp10 mutant can invade cells but multiplies poorly

because the bacteria degrad after the Brucella-containing
phagosomes fuse with lysosome. The results obtained here
suggest that Δomp10 would be a good vaccine against B.
abortus (Moreno et al., 1981).

CONCLUSION
Collectively, the results from our study showed
that Δomp10 mutant could be attributed to altered
outer membrane properties which would influence its
intracellular survival and pathogenicity. Further studies
are necessary to establish Omp10 function in exploiting a
good vaccine against B. abortus infection.
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