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It has been proposed that intracellular pathogens may interfere with expression or function of proteins that mediate
vesicular traffic in order to survive inside cells. Brucella melitensis is an intracellular pathogen that evades phagosome-
lysosome fusion, surviving in the so-called Brucella-containing vacuoles (BCV). Vesicle-associated membrane protein 3
(VAMP3) is a v-SNARE protein that promotes the exocytosis of the proinflammatory cytokine TNF at the phagocytic cup
when docking to its cognate t-SNARE proteins syntaxin-4 and SNAP-23 at the plasma membrane. We determined the
expression level of VAMP3 in J774.1 murine macrophages stimulated with B. melitensis lipopolysaccharide (LPS) and
detected a transitory increase of VAMP3 mRNA expression at 30 min. A similar result was obtained when cells were
incubated in the presence of LPS from Salmonella enterica serovar Minnesota (SeM). This increase of VAMP3 mRNA was
also observed on infected cells with B. melitensis even after one hour. In contrast, infection with Salmonella enterica
serovar Enteritidis (SeE) did not cause such increase, suggesting that membrane components other than LPS modulate
VAMP3 expression differently. To determine the effect of VAMP3 inhibition on macrophages infection, the expression of
VAMP3 in J774.A1 cells was silenced and then infected with wild-type B. melitensis. Although a slight decrease in the rate
of recovery of surviving bacteria was observed between 12 h and 36 h post-infection with B. melitensis, this was not

significant indicating that VAMP3 is not involved in Brucella survival.

Introduction

Brucellosis is an important zoonotic bacterial disease with a high
incidence in developing countries. This infection is caused by
multiple species of Brucella spp, although B. melitensis is the
species most frequently associated with human brucellosis. More
than 500,000 new cases per year are reported worldwide.! The
organism is a Gram-negative bacterium that causes infertility,
abortion, feverish and septicemia in natural artiodactyls hosts
(e.g., sheep, goats and cattle) and undulant fever, debilitation and
disability in humans.> All species of Brucella are facultative
intracellular pathogens that possess the ability to survive and
multiply in professional and non-professional phagocytes® and
their classification is mainly based on differences in pathogenicity
and host preference.”* These intracellular pathogens have or
produce a set of factors, including lipopolysaccharides, virulence
regulatory proteins and phosphatidylcholine, which are essential
for invasion of host cells, whereas others are crucial to avoid
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elimination by the host.? Strains pathogenic for humans (e.g., B.
abortus, B. suis and B. melitensis) possess a smooth LPS that has
also been associated to their infection capabilities. The LPS O-
chain protects the bacteria from cellular cationic peptides, oxygen
metabolites and complement-mediated lysis and it is a key factor for
Brucella survival and replication within the host.” It is known that
Brucella spp possess a non-classical LPS that, in the case of B. abortus
lipid A, has a diaminoglucose backbone and the acyl groups are
longer and linked to the core by simple amide bonds. It is proposed
that this non-classical structure confers B. abortus LPS particular
characteristics as a virulence factor. On the other hand, the O-chain
and lipid A are also implicated in entry and in the early stages of B.
abortus trafficking. The rough strains of Brucella spp (which do not
possess the O-chain) do not enter the cells by lipid rafts but by a
different mechanism and once inside rapidly fuse with lysosomes
and get destroyed. By contrast, smooth B. suis entry is lipid-raft
dependent and impairs phagosome-lysosome fusion during the first
few hours of infection (for review, see ref. 3).
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Characterization of pathogen entry pathways is essential for a
clear understanding of infectious diseases, because individual
pathogens have developed a range of strategies to modulate the
host’s normal macropinocytic pathways to invade the host cells,
evade the host immune system and promote survival by
manipulating the lipid and protein composition of the encapsul-
ating macropinosome.® Brucella invades phagocytic and non-
phagocytic cells through lipid rafts.*” Once inside the cell Brucella
is surrounded by a membrane-bound compartment to form the
Brucella-containing vacuoles (BCV).®? In these vacuoles it is able
to escape the endocytic pathway to reach the endoplasmic
reticulum (ER), where the bacteria are protected from host-
defense mechanisms to ensure their replication and persistence
within the host.'*"?

One characteristic of phagocytes is their ability to ingest large
numbers of particles or microbes quickly, suggesting that these
cells have the capacity to rapidly replenish their plasma
membrane. Using chimeric constructs of the SNARE (soluble
N-ethylmaleimide-sensitive factor attachment protein receptor)
protein VAMP3 (vesicle-associated membrane protein 3) tagged
with green fluorescent protein (GFP), it was demonstrated that
endosomes bearing VAMP?3 first fuse with the plasma membrane
where phagocytosis is being initiated and are subsequently
internalized."> Focal exocytosis of VAMP3-containing vesicles,
presumably originating from recycling endosomes, was shown to
occur in the vicinity of nascent phagosomes, and insertion of these
membranes was suggested to account for the growth of
pseudopods.' In fact, membrane traffic in activated macrophages
has been linked for two critical events: proinflammatory cytokine
secretion and phagocytosis of pathogens. In this way, it has been
possible to associate the tumor necrosis factor (INFa) secretion
to VAMP3 incorporation at the site of phagocytic cup formation.
Fusion of secretory vesicles at the cup simultaneously allows rapid
release of TNFol and expansion of the membrane for phagocyt-
osis.'* In addition to VAMP3, syntaxin 4, syntaxin 6, Vtilb and
SNAP-23 are upregulated during LPS-mediated activation to
accommodate the increased trafficking during TNF secretion and
provides excess of plasma membrane for microorganism engulf-
ment at the lipid rafts.">'°

Because vesicular traffic is controlled by the regulation of
vesicular traffic proteins expression,'” early internalization events
must be decisive for the fate of endocytic vacuoles. In the current
study we have shown that VAMP3 mRNA is upregulated by live
B. melitensis and also by LPS isolated from this microorganism.
However, when the expression of VAMP3 mRNA was silenced in
J774.A1 cells no significant differences in B. melitensis survival
were observed compared with control cells.

Results

It has been reported that during the early stages of phagocytosis,
Syntaxin 4 is recruited to the phagocytic cup in a cholesterol-
dependent manner, thus allowing insertion of VAMP3-positive
recycling endosome membrane that is required for efficient
ingestion of a pathogen.'® Based on this notion, we wanted to
investigate whether B. melitensis LPS or whole bacteria upregulate
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VAMP3 mRNA levels in macrophages to ensure VAMP3
availability during infection.

Extraction of B. melitensis LPS (Bm-LPS) yielded 4.5 mg/ml
with < 0.5% residual protein, which is comparable with
previously reported results for the extraction of LPS from
Brucella spp.'® As shown in Figure 1, J774.A1 cells treated with
200 ng/ml of Bm-LPS showed a 4.5-fold transient increase of
VAMP3 mRNA levels at 30 min post-treatment, followed by a
return to control levels, as measured by qRT-PCR. In the case of
S. enterica serovar Minnesota LPS (Sigma Aldrich), we detected a
similar transient increase of VAMP3 mRNA levels, but in this
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Figure 1. LPS treatment causes a transient increase in VAMP3 mRNA
expression. Expression of VAMP3 mRNA was analyzed in J774.A1 cells
treated with either S. enterica serotype Minnesota LPS (SeM) or

B. melitensis LPS. J774.1 cell were incubated for 30 or 60 min at 37°C in
the presence of 200 ng/ml of SeM LPS or B. melitensis LPS. VAMP3 mRNA
was quantified as described in Materials and Methods. Values are
expressed in expression relative units (ERU). Bars represent the fold
increase compared with its respective control cells at the same time
points, by the Pfaffl equation. The results are representative of three
independent experiments conducted in triplicate.
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case control levels were not restored at this time point. In both
conditions the increment observed was transitory even though
LPS was present in the milieu along the experiment. Significant
differences were detected (p = 0.05) in both cases.

Next, we determined the levels of VAMP3 expression in
response to B. melitensis and SeE infection. Upon infection of ] 774.
Al cells with B. melitensis, VAMP3 mRNA expression was also
temporarily upregulated as with purified LPS. Here the increase
reached a peak by 30 min (2.1 times over the control) and remained
at this level even after 60 min. Values show significant differences as
compared with that of control cells non-treated (p = 0.05)
(Fig.2A). In contrast, the expression of VAMP3 in cells infected
with SeE was nearly constant during the course of the experiment
(Fig.2B), but below that seen in non-infected control cells, no
significant differences (p = 0.05) were detected.

Lastly, we infected J774.A1 cells silenced with VAMP3 siRNA
(100 nM/1 % 10° cells) with B. melitensis and measured bacterial
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Figure 2. Infection by B. melitensis increases VAMP3 expression in J774.
A1 macrophtages. J774.A1 cells were infected with B. melitensis (solid
bars) or S. enterica serotype Enteritidis (SeE) (open bars) at a MOI of 50:1,
at 37°C. After 15, 30, 45 and 60 min cultures were washed and cells
harvested for RNA purification. VAMP3 mRNA was quantified as
described in Materials and Methods. Values are expressed in expression
relative units (ERU). Bars represent the fold increase compared with
respective control cells at the same time points, by the Pfaffl equation.
These results are representative of three independent experiments
conducted in triplicate.
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survival by determining the CFU at different time points up to
36 h. Using this approach, we found that the maximum decrease
for the expression of VAMP3 was between 18 and 20 h (less than
15%, Fig.3) and a slight decrease in bacterial replication compared
with control cells after 12, 24 and 36 h, with about 10% less
bacteria recovered from cells that had been silenced for VAMP3
mRNA expression (Fig.4). However, this reduction was not
statistically significant with the exception of 12 h time point. Time
zero represents total CFU counts (6.8 X 10° CFU/ml = 100%)
after 1 h of phagocytosis and previous to gentamicin treatment.

Discussion

Here we report that endocytosis of Brucella or Salmonella LPS in
macrophages produced a transitory increment in VAMP3 mRNA
levels that return to normal levels at later time points. This
transitory increment was also seen in J774 cells infected with
Brucella, but not with Salmonella. However, no significant
differences were observed in Brucella survival when macrophages
were silenced with VAMP3 siRNAs. These results further indicate
that VAMP3 could be linked to the membrane expansion during
macropinocytosis and suggest that external stimuli such as LPS or
infection by Brucella trigger an increase in VAMP3 expression
probably to make the protein readily available during this process.
However, changes in VAMP3 levels post infection do not seem to
be of particular relevance for Brucella survival and thus for the
biogenesis of the BCVs.

Different suggest that the NSF
(N-ethylmaleimide-sensitive factor) attachment protein receptor
(SNARE) protein VAMP3, an integral component of the

recycling endosomes, plays an important role in cytokine secretion

observations soluble

and in phagocytosis, possibly participating in localized fusion
events at the site of phagosome formation and thus driving
pseudopodial extension.'>'? Supporting this idea Coppolino and
colleagues used a GFP-tagged chimera of VAMP3 that they found
to accumulate at sites of Salmonella and Candida albicans
invasion.'®"” Moreover, microinjection of tetanus or botulinum
toxins (which cleave and degrade VAMP2 and VAMP3) reduced
phagocytosis of a variety of particles by ~66% in J774 cells.”**!
However, studies performed with 8.
Typhimurium indicate that VAMP3 has no direct role in its
phagocytosis. For example, recruitment of GFP-VAMP3 at sites of
Salmonella invasion was blocked by tetanus toxin; nevertheless, it did

enterica  serovar

not inhibit invasion."” Furthermore, in dominant-negative NSF cells,
cellular invasion by S. Typhimurium or the associated membrane
remodeling were not affected, but fusion of Salmonella-containing
vacuoles with endomembranes was significantly impaired."” Along
these lines, we observed a reduction in VAMP3 mRNA levels when
S. Enteritidis was internalized by J744 cells. The different effect on
VAMP3 expression observed between Salmonella LPS-treated and
infected J774 cells, suggest that membrane components other than
LPS also play a role in this process.

Contradictory results have been published with respect to the
role of the non-canonical structure and composition of the
Brucella LPS in the modulation of TNF secretion,? a fact that
could be linked to the modulation of the expression of vesicular

Volume 3 Issue 5



24h Control

Time post-treatment

A 1.00-
0.75-
X 0.50-
0.25+
0.00-
6h 12h  18h
B ’ SiRNA VAMP3
18h © 20n  22h 24h
| 4 ascaat 50
; | 37
; !

SiRNA Neg

20h | 22h 24h

18h

Figure 3. Expression of VAMP3 in J774.A1 cells treated with siRNA VAMP3. (A) gRT-PCR was performed at 6 h intervals to determine the time lapse in
which VAMP3 is inhibited at maximum. Control corresponds to siRNA negative in western blotting. (B) Western blotting assay for VAMP3 of J774.A1 cells
treated with siRNA VAMP3, samples were monitored each 2 h in order to detect maximum inhibition more precisely.

trafficking proteins or to other intracellular factors. These findings
suggest that fluctuations in the expression of VAMP3 very early
during phagocytosis possibly influence the movement of secretory
vesicles to the plasma membranes.?"** Murray et al."” showed that
the maximum expression of VAMP3 was detected at 2 h after
stimulation of RAW264.7 murine macrophages using LPS from
S. enterica serovar Minnesota.

The possibility that Brucella modifies the expression and/or
function of proteins that promote intracellular trafficking during
phagocytosis has been previously proposed.*®*® It was demon-
strated that LPS is a bacterial constituent capable of modulating
the secretion of proinflammatory cytokines mediated by the
v-SNARE VAMP3, which in turn is located primarily in recycling
endosomes.”** This protein must engage itself to the t-SNARE
proteins syntaxin-4 and SNAP23 in the plasma membrane thus
promoting the fusion of membranes and secretion. It seems
reasonable to suppose that if lipid rafts were preferred sites for
Brucella entry into macrophages, then proteins associated with
these macrodomains would be affected at the beginning of
phagocytosis. In this stage, it is likely that bacteria have to resolve
the fate of the phagosomes.”” In contrast to this notion, we did
not find significant differences in the ability of Brucella to survive
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and replicate in macrophages upon VAMP3 mRNA silencing.
However, we cannot rule out the possibility that other SNARE
proteins such as the SNAREs syntaxin-3, Ti-VAMP and
VAMPS,* could play a role during Brucella invasion, whether
or not their expression is modified in response to infection.

Materials and Methods

Bacterial strains and LPS extraction. The smooth, virulent
Brucella melitensis strain BM 133, a reference Mexican strain,”” was
used both for infections and for the extraction of LPS.
Additionally, a wild-type strain of Salmonella enterica serovar
Enteritidis (SeE) from our departmental collection and commer-
cially available LPS from S. enterica serovar Minnesota (Sigma
Aldrich) were also used. B. melitensis LPS was extracted froma 1L
culture as previously described'® and quantified by the 2-keto-3-
deoxyoctonate (KDO) method.”® The protein concentration in
the LPS extract was determined by the Bradford method.”

Cell culture and infections. Murine ]J774.A1 macrophage cells
were maintained in Dulbecco’s modified Eagle’s medium
(DMEM) (Gibco) supplemented with 10% fetal calf serum
(FCS) (Gibco), 2 mM L-glutamine and 1 mM sodium pyruvate
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Figure 4. siRNA silencing of VAMP3 expression does not affect

B. melitensis replication and survival in J774.A1 macrophages. J774.A1
cells transfected with three different siRNAs designed to silence mouse
VAMP3 were infected with B. melitensis at a MOI of 50:1. The CFU counts,
expressed as survival %, were determined at different intervals during a
period of 36 h. Viable intracellular bacteria were determined by the
gentamicin protection assay. Time zero represents total CFU counts
previous to gentamicin treatment. The graph shows the mean of CFU
counts from three independent experiments. *At this time point, a
significant difference (p = 0.05) was determined.

and cultured at 37°C in a 5% CO, atmosphere. Cells were plated
in G-well plates (Nunc) (I X 10° cells per well) 24 h before
stimulation with LPS. Briefly, the cells were grown untl 90—
100% of confluence and stimulated with 200 ng/ml of B.
melitensis LPS (Bm-LPS) or SeM LPS (Se-LPS) for 30 and 60
min. Then total protein was extracted from each well using RIPA
buffer®® [150 mM NaCl, 1% NP-40, 0.5% sodium deoxycholate,
0.1% SDS, 50 mM Tris pH 8.0, 1 mM PMSF and Complete
Protease Inhibitor (Roche)]. For infections, J774.A1 cells were
cultured as previously indicated and infected at a MOI of 50:1 for
15, 30, 45 or 60 min at 37°C with B. melitensis BM133 grown in
BBL Medium (BD Diagnostics) or SeE grown in LB broth. These
experiments were performed three times, each in triplicate.
Gentamicin protection assay (GPA). J774.A1 cells were plated
in 6-well plates at 1 X 10° per well and cultured as indicated, to
attain 90 to 100% confluence. Cell monolayers were washed twice
with PBS before infection. B. melitensis BM133 grown in BBL
Medium up to an ODggopmm of 1.0 (approximately 3 X 107 bacteria/
mL) was diluted to set the infection at a MOI of 50:1. The plates
were centrifuged at 500 rpm for 2 min at 4°C to synchronize
phagocytosis and then incubated at 37°C in a 5% CO, atmosphere
for 1 h. Time cero was set at this point. Then the cells were washed
and further incubated for 2 h in DMEM containing 100 pg/ml of
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gentamicin to kill adherent bacteria, but not those located within
the cells. After this time the cells were washed again and the
medium replaced once more but now containing 15 pg/ml of
gentamicin for the rest of the experiment. Control cells were also
incubated with DMEM supplemented with gentamicin at the same
concentration with no effect on cells. The monolayer was washed
once with PBS at different intervals up to 36 h and lysed with 1%
sterile Triton X-100. Appropriate dilutions were plated on Brucella
agar (BBL Medium, BD Diagnostics) to determine the number of
viable intracellular bacteria by bacterial colony counting.

Real-time PCR. Quantitative real-time PCR (qRT-PCR) was
performed with the Two-Step qRT-PCR kit (Invitrogen)
according to the manufacturer’s instructions using total RNA
extracted from infected or LPS-treated cells with Trizol
(Invitrogen), according to company’s protocol. Primers were
designed from the sequence of VAMP3 mRNA reported in the
Gen Bank (accession number NM_009498). The sequences of
the primers were VAMP3-1 (forward) 5'-AGAACCTGCCGT
GTTATCGAGCTT-3' and VAMP3-2 (reverse) 5'-ACACAA
GTCCTCTTTCCCAGTCCA-3'; these primers generated a
195-bp product. Control primers for the glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) housekeeping gene were
modified from those reported by Fan et al’’ The sequences
obtained were GP-1 (forward) 5'-GCTCATGACCACAGTCCA
TGCC-3" and GP-2 (reverse) 5'-GCACATTGGGGGTAGGAA
CACA-3'; these primers generated a 201-bp product. The
following PCR conditions were used: 50°C for 2 min; 95°C for
10 min; 35 cycles of 95°C for 15 sec (denaturation), 60°C for
60 sec (annealing) and 72°C for 90 sec (elongation); and a final
extension at 72°C for 10 min. All reactions were performed using
a Light Cycler 480 (Roche) and the results were analyzed with the
Pfaffl equation, which indicates changes in the expression of target
genes.”” Values are expressed in expression relative units (ERU)
that indicate the number of times that the expression changed
with respect to the control. GAPDH levels were unchanged and
used to normalize VAMP3 expression (data not shown).

Small interfering RNA (siRNA) treatment. ]774.A1 cells
plated on 6-well plates were transfected with three different
siRNAs designed to silence mouse VAMP3 expression (Silencer
Validated siRNA ID#186988-90, Ambion) using siIMPORTER
(UPSTATE-Millipore) according to the manufacturer’s instruc-
tions. qRT-PCR experiments were performed at different times
upon transfection to establish the earliest time point when the
VAMP3 mRNA was at its lower level with respect to untreated
cells. Those experiments were conducted at 6 h intervals, but for
western blotting intervals were reduced for 2 h, in order to
identify the time lapse more precisely. Hence, J774.A1 cells were
cultured for 18 to 20 h prior to infection with B. melitensis.
Subsequently, bacterial colony counting was performed in a GPA
assay as previously described.

Statistics. Differences in data from qPCR from LPS treatment
and infections were analyzed by Student's t-test.
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