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ABSTRACT

Background: The intrinsic heterogeneity determination in Brucella Lipopolysaccharide (LPS) is

. important for explaining its chemical nature and biological behavior. This is significant for practical

Article info: . purposes, since LPS is the most relevant antigen during infection and vaccination. The purpose of the
Received: 05 October 2016 : present study was to compare biochemical and immunological differences of LPS and lipid A in three
Accepted: 13 February 2017 strains of Brucella: B. melitensis (virulent strain), B. melitensis (vaccine strain, Revl), and B. abortus

Available Online: 01 April 2018 (vaccine strain, S19).
Materials and Methods: LPSs were extracted from Brucella strains using hot phenol-water method,
and lipid A was obtained through mild acid hydrolysis. Glycan, phosphate, KDO, and protein
concentration were evaluated in both LPS and lipid A samples. Immunological effects of Brucella
LPS and lipid A were investigated measuring mitogenesis, IL-6, and Nitric Oxide (NO) production.

Results: LPS and lipid A of B. melitensis have more glycan, KDO, protein, and phosphate compared
with B. abortus. Different species of Brucella LPS and lipid A induced NO production in a time- and
dose-dependent manner via J774A.1 cells. One pg/ml LPS extracted from different strains of Brucella
can induce maximum NO production. However, lipid A from S19 cannot induce NO and lipid A from
B. melitensis induces NO production in higher doses of KDO than its LPS. Maximal production of
IL-6 and higher mitogenic index in human lymphocytes was observed by Rev1 LPS.

Keywords: ¢ Conclusion: Regarding the diverse biochemical and immunostimulatory properties of LPS and lipid
Brucella strains, LPS, * A, these $trains of Brucella can be used potentially for different approaches, such as designing subunit
Lipid A, IL-6, NO : brucellqsis vaccines or effectiv§ gdjuvants. For instance, LPS from.B. a.bortus, as an eff§ctive and
production, Mitogenic safe gdjuvant dup toi its 1ess toxicity, and Revl LPS, as s.ubl}mt vaceines in developing anti-Brucella
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Introduction

rucella spp are Gram-negative facultative
intracellular pathogens that infect humans
and domestic animals [1, 2]. The genus Bru-
cella, according to antigenic variation and
host preference, consists of seven species:
Brucella melitensis, B. suis, B. abortus, B. ovis, B. canis,
B. neotomae, and B. maris [2, 3]. Two of the main patho-
genic species, which bear the antigen characteristic of
smooth (S)-type brucellae, are B. abortus, responsible for
bovine brucellosis, and B. melitensis, the main etiologic
agent of ovine and caprine brucellosis. Brucellosis is a
disease that causes abortion in ewes and goats resulting
in huge economic losses, particularly in Mediterranean
countries [4]. Furthermore, these pathogens cause brucel-
losis in humans, leading to chronic stages of the disease
that can be manifested as orchitis, spondylitis, arthritis,
and a debilitating illness known as undulant fever [5].

The most important virulence factor of the infection by
Brucella is Lipopolysaccharide (LPS) so that LPS deficient
strains have less virulence and intra-cellular survival po-
tency [6]. LPS is an amphipathic molecule with three cova-
lently linked regions: O-specific polysaccharide, core oligo-
saccharide, and lipid A [7, 8]. LPS interacts with membrane
receptors on target cells such as Toll-like receptor 4 (TLR4)
thereby initiating a cascade of signal transduction events.
The end result of the intracellular signaling is mainly the
activation of NF-KB, which then induces the expression of
diverse genes such as proinflammatory cytokines including
interleukin-6 (IL-6), tumor necrosis factor-o (TNF-a), IL-
12 and adhesion molecules, etc [9, 10].

Nitric Oxide (NO) is a free radical that plays an important
role in several biological processes such as macrophage-
mediated cytotoxic activity against a variety of pathogens
including bacteria, viruses, and parasites [11]. NO forma-
tion is catalysed by three different isoforms of Nitric Oxide
Synthase (NOS) that convert L-arginine into NO and L-
citrulline [12]. Expression of the inducible isoform of NOS
(iNOS) in activated macrophages is mainly responsible for
production of pathological concentration of NO during in-
flammation. iNOS expression is stimulated by proinflam-
matory cytokines such as [FN-y, TNF-a, and IL-1 as well
as by microbial LPS [13, 14], so that LPS and lipid A of B.
abortus and B. melitensis could induce the production of
NO by rat adherent peritoneal cells [15].

It is significant to determine the intrinsic heterogene-
ity in Brucella LPS so that we can explain its chemical
nature and biological behavior. Because LPS is the most
relevant antigen during infection and vaccination, this
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analysis is crucial from practical perspectives. In addi-
tion, LPS and LPS-related molecules are widely imple-
mented in immunological investigations as well as the
diagnosis of brucellosis[4, 16, 17].

In the present study, we investigated biochemical dif-
ferences including the required time for completion
of hydrolysis of LPS and subsequent lipid A isolation,
quantity of KDO (2-keto-3-deoxyoctonic acid), glycan,
phosphate, protein content in purified LPS, and isolated
lipid A from three strains of Brucella. Next, the bio-
logical activities of these components, such as capabil-
ity of NO production in murine macrophage cell line
(J774A.1), IL-6 production, and mitogenesis index in
human lymphocytes treated with LPS. Since most bio-
logical effects of LPS have been associated with the lipid
A moiety [18], we also investigated these properties by
Brucella lipid A and compared these effects with those of
Escherichia coli (E.coli) LPS.

Materials and Methods
Bacterial strain

Three strains of Brucella, includeing B. meliteniss (vir-
ulent strain), B. melitensis (vaccine strain, Revl), and B.
abortus (vaccine strain, S19), were obtained from the type
bacteria collection of Razi Institute of Iran (Tehran, Iran).

LPS extraction

Extraction of LPS was performed using hot-phenol meth-
od, according to Leong method [19]. In brief, 1.5 g wet
weight of cells was suspended in distilled water, followed
by sonication for 90s. The lyzed cells were added to phenol
solution (90% w/v) and maintained at 67°C for 15 min. The
mixture was centrifuged for 30 min in 6000 g and phenol
layer was removed. The LPS was precipitated from phenol
layer using three volumes of cold methanol solution (99%
methanol, 1% sodium acetate) and resuspended in distilled
water. For further enzymatic digestion, DNase (10 unit/ml),
RNase (10 unit/ml), lysozyme (25 pg/ml), and Proteinase K
(100 pg/ml) were added to reduce nucleic acid and protein
contamination of the extracted LPS samples. Finally, LPS
solution was dialyzed against distilled water, lyophilized,
and then stored at-20°C until use.

Chemical analysis of extracted LPS

The thiobarbituric method was used to measure KDO as
a unique component of LPS and the most popular marker
of LPS from gram-negative bacteria [20]. Glycan test and
phosphate assay were carried out according to Raff and
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Wheat [21] and Ames [22], respectively. Bradford method
was used for measuring protein content of the samples.
The quality of extracted LPS was determined using sodium
dodecyl sulfate (SDS)-polyacrylamide gel electrophore-
sis. LPS-specific silver staining was performed according
to Tsai and Frasch [23]. Specific assessment of lipids and
carbohydrates was performed using sudan black [24] and
periodic acid Schiff staining [25], respectively. LPS of Sal-
monella enteritidis was used as standard in SDS-PAGE.

Isolation of lipid A from Brucella LPS

Lipid A was obtained from three Brucella strains via hy-
drolysis of purified LPSs with 2% acetic acid at 100°C. In
order to determine the suitable time for completing hydro-
lysis of LPS and isolation of lipid A, acidic hydrolyses were
performed in different time courses of one to six hours. Hy-
drolysis product included pellet and supernatant that con-
tained lipid A and oligosaccharide segments, respectively.
Supernatant was discarded and the lipid A in pellet samples
were collected, freeze dried, and stored at -20°C until use.

Evaluation of NO production in J774A.1 cells stimu-
lated with LPS and lipid A Brucella strains

Murine macrophage cell line (J774A.1) was purchased
from National Cell Bank (Pasteur Institute of Iran) and
cultured at 37°C in DMEM medium (GIBCO, Invitrogen,
Germany), supplemented with 10% heat-inactivated fetal
bovine serum (GIBCO, Invitrogen, Germany), 0.584 g/l L-
glutamine, sodium bicarbonate 3.7 g/l, 50 uw/ml penicillin,
and 50 pg/ml streptomycin. Adherent J774A.1 monolay-
ers were obtained plating the cells in 24-well tissue culture
plates at 1 X106 cells/well for 18 h at 37°C. The cells were
stimulated with different concentrations (0.01, 0.02, 0.2,
0.4, 1,2, 10 and 20 ug/ml) of LPS and lipid A isolated from
three strains of Brucella. Different concentrations of LPS
and lipid A were prepared based on KDO content. In order
to determine NO production by macrophage, NO? and NO*
were measured in cell free culture supernatant of wells after
24 h and 48 h incubation at 37°C using griess assay [26].

For NO? assay, the culture medium (100 puL) was mixed
with 100 pL of griess reagent, and after 10 minutes incuba-
tion at room temperature, the absorbance was measured at
540 nm using an ELISA reader (Gen 5, Biotek, US). For
NOX assay, the culture medium (100 pL) was mixed with
100 pL vanadium chlorides, which leads to reduction of
NO-3 to NO?, and 50uL of griess reagent. The mixture was
incubated at room temperature for 40 min and absorbance
was measured at 540 nm. E. coli LPS (0.1 pg/ml) was used
for comparison with B. strains LPS induction. Un-stimulat-
ed J774 cells, receiving an equal amount of RPMI the same
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as LPS and lipid A under similar culture conditions, were
considered as negative control. The PHA (Merck) (70 ug/
ml) was used in each assay as positive control.

Assessment of IL-6 production

Lymphocytes were isolated from human whole blood of
healthy donors via centrifugation in 800 g for 20 min on Fi-
coll density gradient. After washing three times with RPMI
1640 medium, cells were cultured in RPMI 1640 medium
(GIBCO, Invitrogen, Germany), supplemented with antibi-
otics (100 U/ml of penicillin and 100 pg/ml of streptomy-
cin) and 10% FBS in 96-well culture plates at 37°C to a
density of 2.6 X104 cells/well. Cultured lymphocytes were
stimulated with different concentrations (0.01-20 pg/ml, in
triplicate) of LPS and lipid A isolated from three strains of
Brucella. The PHA (70 pg/ml) was used as positive control.
The levels of the IL-6 production were determined in cul-
ture supernatant of each well after 48 h using commercial
ELISA kite (R&D system, Minneapolis, MN) according to
the manufacture’s instruction.

Mitogenesis assay of human lymphocytes

Assessment of mitogenesis was performed using Lym-
phocytes Transformation Test (LTT). Briefly, isolated lym-
phocytes from human whole blood were grown in 96-well
culture plates at 37°C in a humidified CO2 incubator to a
density of 2.6 X104 cells/well and stimulated for prolifera-
tion with different concentrations (0.01-20pg/ml, in trip-
licate) of LPS and lipid A. The PHA and RPMI medium
were used in each assay as positive and negative control,
respectively. After 48 h of incubation at 37°C, 20ul (3 h)
thymidine (50 pCi/ml) was added to each well and further
incubated for 6 h. The results were analyzed using § counter
instrument (WALLAC 1410, Switzerland).

Statistical method

The values of experiments are expressed as mean+S.D.
The significance of differences between samples was tested
using Student’s t-test. Values of P<0.05 were considered
statistically significant.

Results
LPS characterization

The quality of the B. strains LPS was demonstrated
using KDO assay, glycan test, and special silver nitrate
staining following electrophoresis on SDS-PAGE. As
expected, purified LPS had heterogeneous structure
and seemed as a smear with two distinctive band zone

53
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(low and high molecular weight) on silver-stained SDS-
gel (Figure 1). Suitable time for complete hydrolysis
of LPS and isolation of lipid A from B. strains was ob-
tained based on assessment of hydrolysis product using
electrophoresis on SDS-PAGE. As shown in Figure 2,
completely hydrolyzed LPS and isolated lipid A have
more migration and also oligosaccharides area was in-
creased on gel. According to the results of SDS-PAGE,
the appropriate time for acidic hydrolysis was 5.5 h for
B. melitensis, 5 h for Revl, and 3 h for S19 for complete
hydrolysis of LPS and release of the entire lipid A.

Sudan black and periodic acid Schiff staining were used
for characterization of lipid A (Figure 3). Top panels of
the gel showed the electrophoretic separation of carbo-
hydrates bands stained with periodic acid Shift (Figure
3A) and bottom panels shows the presence of carbohy-
drates stained with Sudan black (Figure 3B). The results
of KDO, glycan, phosphate assay, and Bradford test of
samples are presented in Table 1. As shown, LPS and
lipid A of B. melitensis have higher amounts of KDO
(30.35, 23pg/ml), glycan (758, 34.14 pg/ml), phosphate
(20, 10.7 pg/ml), and protein (220, 44pg/ml) compared
with other two strains. Also, the samples contain some
proteins even after purification and acidic hydrolysis of
LPS because of tight interaction between several outer
membrane proteins and LPS.

Measurement of NO? and NOX in J774A.1 cells
stimulated with LPS and lipid A

Since E. coli LPS is a microbial product inducing NO
production by murine macrophages [27], it was used as
a control of our cellular system. After 24 h, B. melitensis
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LPS showed significant levels of NO? production from
dose of 0.01pg/ml whereas S19 and Revl LPS induced
NO? production from doses of 0.2 and 0.4pg/ml, respec-
tively. After 48 h, E. coli LPS induced NO~ production
twice its amount in 24 h while as for Brucella strains
LPS, the obtained results were similar to those for 24 h
and there was a significant difference only in 1pg/ml of
Brucella strains LPS B. melitensis and Revl LPS (Fig-
ure 4A).

Since lipid A has major impacts on the biological ef-
fects of the LPS, we also studied the ability of these lip-
ids to induce NO production. As illustrated in Figure 4B,
Brucella strains lipid A showed almost similar potencies
to elicit NO induction. After 24 h, significant amounts
of NO? were obtained in a majority of B. melitensis
(virulent strain and Rev1) lipid A concentration and the
maximal NO~ production was obtained with concentra-
tion of 2 and 10pg/ml lipid A B. melitensis and Revl,
respectively. There was no significant increase in NO~
production by S19 lipid A after 24 h in different concen-
trations (Figure 4C).

So, in other test, after incubation of cells with different
concentrations of S19 lipid A for 2 h, supernatant was
harvested, 0.4pg/ml S19 LPS was added to new medi-
um, and NO production was measured after 24 h and 48
h. As shown in Figure 4C, this method, however, did not
increase NO™ production. The effects of LPS and lipid A
on NO* production are shown in Figure 5. Measurement
of NO* in stimulated J774A.1 cells with LPS and lipid
A demonstrated that the amount of NO* is higher than
those of NOZ in 24 h and 48 h (Figure 5). In the pres-
ent study, often, LPS and lipid A from different Brucella

Table 1. Characterization of Purified LPS and Lipid A from Brucella strains

Brucella Strains Purified Sample KDO (ug/ml)  Glycan (ug/ml)  Phosphat (ug/ml) Protein (ug/ml)
LPS 30.35 785 20 220
B. meliteniss LPS After acidic hydrolysis* 341 22 130
Lipid A** 23 34.14 10.7 44
LPS 23.2 618 27 160
B. melitensis (Revl) LPS, after acidic hydrolysis 330 20 100
Lipid A 22.5 29 4.8 34.45
LPS 19 412 22 130
B. abortus (S19) LPS after acidic hydrolysis - 300 23 110
Lipid A 7 10.64 5.7 17.1

* Before centrifuge, ** Pellet, after centrifuge
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Figure 1. Silver stained SDS-PAGE profiles of LPS extracted
from the Brucella strains. B. melitensis (Rev1) (lane 1, 2), B.
melitensis (virulent strain) (lane 3, 4), B. abortus S19 (lane 5,
6) and LPS of Salmonella enteritidis as standard (lane 7). The
slower-migrating smear in all lanes represent intact LPS (i.e.,

Summer & Autumn 2018. Volume 1. Number 1
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Figure 2. Silver stained SDS-PAGE profiles for acidic hy-
drolysis product of LPS from the Brucella strains. LPS of
Salmonella enteritidis as standard (lane 1), LPS of B. meli-
tensis (Revl) (lane 2), LPS of B. melitensis (Rev1) after 5 h
acidic hydrolysis (lane 3), LPS of B. abortus S19 (lane 4), LPS

of B. abortus S19 after 3 h acidic hydrolysis (lane 5), LPS of
B. melitensis (lane 6), LPS of B. melitensis after 5.5 h acidic
hydrolysis (lane 7) and molecular weights marker (lane 8).

Lipid A, core, and 0-linked sugars) and the fast-migrating
bands in all lanes represent Lipid A without 0-linked sugars.

IvuNoREGULATION

Figure 3. Sudan black and periodic acid Schiff staining were used for characterization of lipid A. (A) periodic acid Schiff stain-
ing; red zone in top of the gel presented carbohydrates, LPS of Rev1 (lane 1), LPS of Rev1 after 5 h acidic hydrolysis (lane 2),
LPS of S19 (lane 3), LPS of S19 after 3 h acidic hydrolysis (lane 4), LPS of B. melitensis (lane 5), and LPS of B. melitensis after
5.5 h acidic hydrolysis (lane 6) and (B) Sudan black staining; Lipidic zone in bottom of the gel was black. LPS of Salmonella
enteritidis as standard (lane 1), LPS of Rev1 (lane 2), LPS of Rev1 after 5 h acidic hydrolysis (lane 3), LPS of S19 (lane 4), LPS of
S19 after 3 h acidic hydrolysis (lane 5), LPS of B. melitensis (lane 6), and LPS of B. melitensis after 5.5 h acidic hydrolysis (lane 7).

Khatami M, et al. Biochemical Differences and Immunostimulatory Properties of LPS and Lipid. Immunoregulation. 2018; 1(1):51-60.
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Figure 4. Production of NO? in murine macrophage cell line (J774A.1)
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Murine macrophage cell line stimulated with different concentrations of (A) B. melitensis, Rev1 and S19 LPS (0.01, 0.2, 0.4 and
1 pg/ml), (B) B. melitensis and Rev1 lipid A (0.01, 0.02, 0.2, 0.4, 1, 2, 10 and 20 pg/ml) (C) S19 LPS (0.4 ug/ml) and Lipid A
(0.01, 0.02, 0.2, 04, 1 and 2 pg/ml). NO? production was assayed 24 h and 48 h after stimulation. E. coli LPS (0.1 pg/ml) was
used for comparison with Brucella strains LPS induction and PHA (70 pg/ml) was used as positive control. Data are the means
of duplicate sample results. The levels of statistical significance for differences between test groups were determined by the
student’s t-test. (p< 0.05, in comparison to control after 24 h and p<0.05, in comparison to control after 48 h).

strains induced NO? production in a time- and dose- de-
pendent manner; however, LPS+Lipid A from S19 was
not observed to have a significant effect on NO*and NO*
production.

IL-6 production and mitogenesis in human cul-
tured Lymphocytes

Three Brucella strains LPS stimulated cell proliferation
and production of IL-6 in a dose-dependent manner. B.
melitensis and Revl LPS showed significantly higher
cell proliferation and IL-6 production (P<0.05) than S19
LPS (Figure 6, 7). There was no significant difference in

IL-6 production levels induced by three Brucella strains
lipid A. IL-6 production levels induced by lipid A were
much lower than that of LPS in all strains (Figure 6). The
impact of lipid A on cell proliferation was similar to that
of LPS but lipid A inhibited mitogenesis at 8pg/ml dose

in B. melitensis and S19 strains (Figure 7).

Discussion

The chemical composition and most of the biological ac-
tivities induced by Brucella LPS considerably differ from
those of enterobacterial LPS such as E. coli [7], for instance

Khatami M, et al. Biochemical Differences and Immunostimulatory Properties of LPS and Lipid. Immunoregulation. 2018:; 1(1):51-60.
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Figure 5. Production of NOx by murine macrophage cell line (J774A.1)
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Murine macrophage cell line stimulated with different concentrations of (A) B. melitensis, Revl and S19 LPS (0.01, 0.2, 0.4 and
1 pg/ml), (B) B. melitensis and Rev1 lipid A (0.01, 0.02, 0.2, 0.4, 1, 2, 10 and 20 pg/ml), (C) S19 LPS (0.4 pg/ml) and Lipid A
(0.01, 0.02, 0.2, 0.4, 1 and 2 pg/ml). NOx production was assayed 24 h and 48 h after stimulation. E. coli LPS (0.1 pg/ml) was
used for comparison with Brucella strains LPS induction and PHA (70 pg/ml) was used as positive control. Data are the means
of duplicate sample results. The levels of statistical significance for differences between test groups were determined by the
student’s t-test. p< 0.05, in comparison to control after 24 h and p < 0.05, in comparison to control after 48 h.

Brucella LPS is nonpyrogenic and less toxic [28]. The dif-
ferences in toxicity between Brucella and E. coli LPS
may be related to the variations in their lipid A structures.
Brucella lipid A significantly includes large proportion of
long-chain saturated and unsaturated fatty acids (>C16),
very small amounts of hydroxylated fatty acids, no f-OH
myristic acid, and a proportion of amide- and ester-linked
fatty acids, which is different from that in enterobacteria,
such as E. coli. Other differences are found in the composi-
tion of the core polysaccharide and O-antigen side chain of
the complete LPS molecule [29, 30].

Indeed, Brucella LPS are a family of related molecules
which display heterogeneity not only at the level of the
O-polysaccharide, but also at the core oligosaccharide
and the lipid A [16]. The degree of heterogeneity in Bru-
cella lipid A may depend mainly on the various fatty acid
substitutions. The lack of backbone constituents (other
than lipids) and ester-linked acyl-oxyacyl residues in
Brucella lipid A might account for the limited number
of variants as compared to enterobacterial lipid A [16].

Khatami M, et al. Biochemical Differences and Immunostimulatory Properties of LPS and Lipid. Immunoregulation. 2018; 1(1):51-60. 57
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Figure 6. Measurement of IL-6 production in human cul-
tured Lymphocytes stimulated with different concentrations
of Brucella strains LPS and lipid A (0.04, 0.4, 4 and 8 pg/ml)

B. melitensis and Rev1 LPS showed higher IL-6 production
than S19 LPS.

In the current study, we compared biochemical differ-
ences and immunological effects of LPS and lipid A
moieties in three strains of Brucella (B. meliteniss, Revl
and S19). Our results showed that S19 has lower gly-
can, KDO, protein content, and phosphate than the other
Brucella strains. High amount of KDO in B. meliteniss
is consistent with the previous observations [15]. Suit-
able time for complete hydrolysis of LPS and isolation
of lipid A according to SDS-PAGE pattern in Brucella
strains (3-5 h) was more than that reported for other bac-
teria such as E. coli (1-2 h). In fact, the bacteria with
high amounts of glycan required more time for complete
hydrolysis of LPS. The data showed that B. melitensis
LPS has higher glycan amount (758 pg/ml) and subse-
quently required more time for complete hydrolysis of
LPS (5.5 h) in comparison with Revl (618 pg/ml, 5 h)
and S19 (412 pg/ml, 3 h). It was also found that lipid A
extracted from LPS Brucella strains has little amounts of
phosphate; this result is in agreement with those reported
by Freer et al and 1. Moriyon et al. [16, 31].

Measurement of NO production in stimulated J774A.1
cells with LPS and lipid A indicated that different Bru-
cella strains of LPSs and lipid As generated NO in a
time- and dose-dependent manner. Our results revealed
that LPS and lipid A from B melitensis induce NO pro-
duction more than the other two strains. Brucella strains
LPS showed significant levels of NO* production after
48 h, whereas there was no significant increase in the
NO* production by Brucella strains lipid A after the same
time. Since different concentrations of S19 lipid A could
not significantly increase NO* production, we used S19
LPS (0.4 pg/ml) as stimulator; however, it did not prove
to be an effective approach.

It seems that particular receptors on cells were occu-
pied by lipid A. Comparison of stimulatory effect of S19
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Figure 7. Measurement of mitogenesis in human cultured

Iymphocytes stimulated with different concentrations of
Brucella strains LPS and lipid A (0.04, 0.4, 4 and 8 pg/ml).

B. melitensis and Revl LPS showed higher mitogenic index
than S19 LPS. Significance difference in
Comparison to control (P<0.05).

lipid A on NO* and NO* production revealed that S19
lipid A results in significant increase in NO*, probably
because it produces superoxide, in addition to NO?*, both
of which can invert into NO3-. B. melitensis and Revl
LPS induced higher mitogenic index than S19 LPS, which
is in agreement with the data reported by Qureshi et al. [32].
Increase in the amounts of Brucella strains LPS and lipid
A results in growth stimulation and reduction of mitogenic
index, respectively.

Schrommet et al showed that variation in biological ac-
tivities of LPSs is directly correlated with the molecular
shape of their lipid A [33]. Only (hexa acyl) lipid A with
a conical/concave shape displayed strong endotoxic ac-
tivity, i.e. IL-6 inducing capacity. Moreover, cylindrical
molecular shape of lipid A is correlated with antagonistic
activity, so that IL-6 induction by LPS was inhibited by
cylindrically shaped lipid A except for the compounds
with reduced head group charge. The antagonistic action
is explained by the assumption that lipid A molecules
intercalate into the cytoplasmic membrane of mononu-
clear cells, and subsequently block the putative signaling
protein by the lipid A with cylindrical shape. Therefore,
we assessed Brucella strains lipid A ability in IL-6 induc-
tion as the pre-inflammatory cytokine.

The results of the present study indicated that Revl
LPS is a stronger stimulator of IL-6 production where-
as there was no difference in IL-6 production between
lipid A Brucella strains. Based on our results, LPS and
lipid A Brucella strains induced different levels of IL-6.
Therefore, different immune responses will be expected
when these compounds are used as adjuvants in animal
models.

In summary, Brucella strains LPS induce NOS in mac-
rophage cell line (J774A.1). The ensuing NO produc-
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tion could explain why Brucella infection is controlled
in mice, unlike human brucellosis, which tends to be
chronic. Also, the low NO production by Brucella LPS
and lipid A, compared with E. coli LPS induction, could
explain the low frequency of septic shock in human bru-
cellosis and could contribute to explaining the long intra-
cellular survival of Brucella.

Numerous studies have investigated the effectiveness
of B. melitensis and Revl LPS as subunit vaccines be-
cause of their high immunostimulatory properties [34].
However, LPS from B. abortus differs structurally from
the LPS of B. melitensis, Revl, and LPS of E. coli.
LPS from B. abortus has lower glycan and phosphate
amounts, is much less pyrogenic in rabbits and mice,
and induces less TNF-a from human monocytes [28].
These properties make B. abortus LPS a safe adjuvant
to be used in vaccine production with different antigens
for eliciting immunostimulatory activities. For these rea-
sons, several studies evaluated effectiveness of B. abor-
tus LPS as a safe adjuvant in combination with different
antigens for designing new vaccine formulation [35-39]
or developing an efficacious subunit vaccine against
brucellosis using B. abortus LPS conjugated to carrier
protein [40, 41].

In conclusion, according to the differences in biochem-
ical and immunostimulatory properties of LPS and lipid
A, these strains of Brucella can potentially be used for
different approaches such as designing subunit vaccines
or effective adjuvants.

References

[1] Young EJ. An overview of human brucellosis. Clinical infectious
diseases : an official publication of the Infectious Diseases Soci-
ety of America. 1995; 21(2):283-9; quiz 90.

[2] Corbel MJ. Brucellosis: an overview. Emerging Infectious Dis-
eases. 1997; 3(2):213-21. [DOI:10.3201/eid0302.970219] [PMID]
[PMCID]

[3] Corbel MJ, WJ. BM. Genus Brucella. In Bergey’s Manual of Sys-
tematic Bacteriology . Edited by: Krieg NR, Holt JG. Baltimore:
The Williams & Wilkins; 1984.

[4] Cardoso PG, Macedo GC, Azevedo V, Oliveira SC. Brucella
spp noncanonical LPS: structure, biosynthesis, and interac-
tion with host immune system. Microb Cell Fact. 2006; 5:13.
[DOI:10.1186/1475-2859-5-51-513] [PMID] [PMCID]

[5] Gorvel JP, Moreno E. Brucella intracellular life: from invasion
to intracellular replication. Veterinary Microbiology. 2002; 90(1-
4):281-97. [DOI:10.1016/S0378-1135(02)00214-6]

Summer & Autumn 2018. Volume 1. Number 1

[6] Lapaque N, Moriyon I, Moreno E, Gorvel JP. Brucella lipopoly-
saccharide acts as a virulence factor. Curr Opin Microbiol. 2005;
8(1):60-6. [DOI:10.1016/j.mib.2004.12.003] [PMID]

[7] Cherwonogrodszky JWG, Dubray EM, H. M. Antigens of Bru-
cella . In: Neilsen K, Duncan B, editors. Animal Brucellosis: Boca
Raton, Fla: CRC Press; 1990.

[8] Wang X, Quinn PJ. Lipopolysaccharide: Biosynthetic pathway
and structure modification. Progress in lipid research. 2010;
49(2):97-107. [DOI:10.1016/j.plipres.2009.06.002] [PMID]

[9] Forestier C, Deleuil F, Lapaque N, Moreno E, Gorvel JP. Bru-
cella abortus lipopolysaccharide in murine peritoneal mac-
rophages acts as a down-regulator of T cell activation. Journal
of immunology (Baltimore, Md:1950). 2000; 165(9):5202-10.
[DOI:10.4049/jimmunol.165.9.5202]

[10] Huang LY, Aliberti J, Leifer CA, Segal DM, Sher A, Golen-
bock DT, et al. Heat-killed Brucella abortus induces TNF and
IL-12p40 by distinct MyD88-dependent pathways: TNF, unlike
IL-12p40 secretion, is Toll-like receptor 2 dependent. Journal
of immunology (Baltimore, Md : 1950). 2003; 171(3):1441-6.
[DOI:10.4049/jimmunol.171.3.1441]

[11] MacMicking J, Xie QW, Nathan C. Nitric oxide and mac-
rophage function. Annual review of immunology. 1997; 15:323-
50. [DOI:10.1146/ annurev.immunol.15.1.323] [PMID]

[12] Forstermann U, Sessa WC. Nitric oxide synthases: regula-
tion and function. European heart journal. 2012; 33(7):829-
37,37a-37d.

[13] Fang FC. Perspectives series: host/pathogen interactions.
Mechanisms of nitric oxide-related antimicrobial activ-
ity. The Journal of Clinical Investigation. 1997; 99(12):2818-25.
[DOI:10.1172/]CI119473] [PMID] [PMCID]

[14] Daniele Reisser, Nolwenn Gauthier, Alena Pance, Jeannin. J-F,
(Ed.) A-u-R. Antitumoral activity of Lipids A studies in animal
model and cancer patients. Studies in Natural Products Chem-
istry. 2003; 28:1-42. [DOI:10.1016/S1572-5995(03)80148-5]

[15] Lopez-Urrutia L, Alonso A, Nieto ML, Bayon Y, Orduna A,
Sanchez Crespo M. Lipopolysaccharides of Brucella abortus
and Brucella melitensis induce nitric oxide synthesis in rat
peritoneal macrophages. Infect Immun. 2000; 68(3):1740-5.
[DOI:10.1128/1A1.68.3.1740-1745.2000] [PMID] [PMCID]

[16] Freer E, Rojas N, Weintraub A, Lindberg AA, Moreno E. Het-
erogeneity of Brucella abortus lipopolysaccharides. Res Micro-
biol. 1995; 146(7):569-78. [DOI:10.1016,/0923-2508(96)80563-8]

[17] Diaz-Aparicio E, Aragon V, Marin C, Alonso B, Font M, More-
no E, et al. Comparative analysis of Brucella serotype A and M
and Yersinia enterocolitica O:9 polysaccharides for serological
diagnosis of brucellosis in cattle, sheep, and goats. Journal of
Clinical Microbiology. 1993; 31(12):3136-41. [PMID] [PMCID]

[18] Moreno E, D. T. Berman, Boettcher. aLA. Biological activities
of Brucella abortus lipopolysaccharides. Infect Immun. 1981;
31:362-70. [PMID] [PMCID]

[19] Leong D, Diaz R, Milner K, Rudbach J, Wilson JB. Some struc-
tural and biological properties of Brucella endotoxin. Infect Im-
mun. 1970; 1(2):174-82. [PMID] [PMCID]

[20] Karkhanis YD, Zeltner JY, Jackson J], Carlo DJ. A new and
improved microassay to determine 2-keto-3-deoxyoctonate
in lipopolysaccharide of gram-negative bacteria. Analyti-



http://immunoreg.shahed.ac.ir/
https://doi.org/10.3201/eid0302.970219
https://www.ncbi.nlm.nih.gov/pubmed/9204307
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2627605
https://doi.org/10.1186/1475-2859-5-S1-S13
https://www.ncbi.nlm.nih.gov/pubmed/16556309
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1435926
https://doi.org/10.1016/S0378-1135(02)00214-6
https://doi.org/10.1016/j.mib.2004.12.003
https://www.ncbi.nlm.nih.gov/pubmed/15694858
https://doi.org/10.1016/j.plipres.2009.06.002
https://www.ncbi.nlm.nih.gov/pubmed/19815028
https://doi.org/10.4049/jimmunol.165.9.5202
https://doi.org/10.4049/jimmunol.171.3.1441
https://doi.org/10.1146/annurev.immunol.15.1.323
https://www.ncbi.nlm.nih.gov/pubmed/9143691
https://doi.org/10.1172/JCI119473
https://www.ncbi.nlm.nih.gov/pubmed/9185502
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC508130
https://doi.org/10.1016/S1572-5995(03)80148-5
https://doi.org/10.1128/IAI.68.3.1740-1745.2000
https://www.ncbi.nlm.nih.gov/pubmed/10679001
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC97342
https://doi.org/10.1016/0923-2508(96)80563-8
https://www.ncbi.nlm.nih.gov/pubmed/8308104
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC266364
https://www.ncbi.nlm.nih.gov/pubmed/6783538
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC351792
https://www.ncbi.nlm.nih.gov/pubmed/16557710
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC415874

Summer & Autumn 2018. Volume 1. Number 1

cal Biochemistry. 1978; 85(2):595-601. [DOI:10.1016/0003-
2697(78)90260-9]

[21] Raff RA, Wheat RW. Carbohydrate composition of the phenol-
soluble lipopolysaccharides of Citrobacter freundii. ] Bacteriol.
1968; 95(6):2035-43. [PMID] [PMCID]

[22] Ames BN, Elizabeth F. Neufeld VG. Assay of inorganic phos-
phate, total phosphate and phosphatases. Methods in Enzymol-
ogy. 8: Academic Press; 1966. p. 115-8.

[23] Tsai CM, Frasch CE. A sensitive silver stain for detecting li-
popolysaccharides in polyacrylamide gels. Anal Biochem. 1982;
119(1):115-9. [DOI:10.1016/0003-2697(82)90673-X]

[24] Ouchterlony O, Nilsson. aLA. Immunodiffusion and immu-
noelectrophoresisn. In D. M. Weir (ed.), Handbook of experi-
mental immunology. ed n, editor. Oxford/ London.: Blackwell
Scientific Publications; 1973.

[25] Fairbanks GTL Steck, W. aDFH. Electrophoretic analysis of the
major polypeptides of the human erythrocyte membrane. Bio-
chemistry. 1971; 10:2606-24. [DOI:10.1021 /bi00789a030] [PMID]

[26] Green LC, Wagner ]. Glogowski, PL, Skipper JS. Wishnok,
Tannenbaum. aSR. Analysis of nitrate, nitrite, and [15N]
nitrate in biological fluids. Anal Biochem 1982; 126:131-8.
[DOI:10.1016,/0003-2697(82)90118-X]

[27] Stuehr DJ, Marletta MA. Induction of nitrite/nitrate synthesis
in murine macrophages by BCG infection, lymphokines, or in-
terferon-gamma. Journal of immunology (Baltimore, Md: 1950).
1987; 139(2):518-25.

[28] Goldstein J, Hoffman T, Frasch C, Lizzio EF, Beining PR, Hoch-
stein D, et al. Lipopolysaccharide (LPS) from Brucella abortus
is less toxic than that from Escherichia coli, suggesting the pos-
sible use of B. abortus or LPS from B. abortus as a carrier in vac-
cines. Infect Immun. 1992;60(4):1385-9. [PMID] [PMCID]

[29] Marx A, Tonescu ], Pop A. Immunochemical studies on Brucel-
la abortus lipopolysaccharides. Zentralbl Bakteriol Mikrobiol
Hyg A. 1983; 253(4):544-53.

[30] Moreno E. Characteristicas y actividades biologicas del ly-
popolysacarido de Brucella. Adel Microbiol Enf Infect. 1983;
2:50-65.

[31] Moriyon I, Lopez-Goni L. Structure and properties of the outer
membranes of Brucella abortus and Brucella melitensis. Int Mi-
crobiol. 1998; 1(1):19-26. [PMID]

[32] Qureshi N, Takayama K, Seydel U, Wang R, RJ. C, al. ae. Struc-
tural analysis of lipid A derived from the lipopolysacchride of
Brucella abortus. Journal of Endotoxin Research. 1994; 1:137-48.
[DOI:10.1177/096805199400100303]

[33] Schromm AB, Brandenburg K, Loppnow H, Moran AP, Koch
MH, Rietschel ET, et al. Biological activities of lipopolysac-
charides are determined by the shape of their lipid A portion.
Eur ] Biochem. 2000; 267(7):2008-13. [DOI:10.1046/}.1432-
1327.2000.01204.x] [PMID]

[34] Bhattacharjee AK, Izadjoo MJ, Zollinger WD, Nikolich MP,
Hoover DL. Comparison of protective efficacy of subcutaneous
versus intranasal immunization of mice with a Brucella meliten-
sis lipopolysaccharide subunit vaccine. Infect Immun. 2006;
74(10):5820-5. [DOI:10.1128 /IA1.00331-06] [PMID] [PMCID]

[35] Kariminia A, Kavoossy G, Khatami S, Zowghi E, Ardestani
SK. Study of interleukin-10 and interleukin-12 productions in

IViMuNOREGULATION

response to lipopolysaccharides extracted from two different
Brucella strains. Comp Immunol Microbiol Infect Dis. 2002;
25(2):85-93. [DOI:10.1016/S0147-9571(01)00029-7]

[36] Jamalan M, Ardestani SK, Zeinali M, Mosaveri N, Mohammad
Taheri M. Effectiveness of Brucella abortus lipopolysaccharide
as an adjuvant for tuberculin PPD. Biologicals. 2010; 39(1):23-8.
[DOI:10.1016/j biologicals.2010.08.005] [PMID]

[37] Mohammadi M, Kianmehr Z, Kaboudanian Ardestani S, Ghar-
egozlou B. Improved immunogenicity of tetanus toxoid by Bru-
cella abortus 519 LPS adjuvant. Iranian Journal of Immunology.
2014; 11(3):189-99. [PMID]

[38] Kianmehr Z, Kaboudanian Ardestani S, Soleimanjahi H, Fo-
touhi F, Alamian S, Ahmadian S. Comparison of Biological and
Immunological Characterization of Lipopolysaccharides From
Brucella abortus RB51 and S19. Jundishapur Journal of Micro-
biology. 2015; 8(11):e24853. [DOI:10.5812/jjm.24853] [PMID]
[PMCID]

[39] Kianmehr Z, Soleimanjahi H, Ardestani SK, Fotouhi F, Abdoli
A. Influence of Brucella abortus lipopolysaccharide as an adju-
vant on the immunogenicity of HPV-16 L1VLP vaccine in mice.
Medical Microbiology and Immunology. 2015; 204(2):205-13.
[DOI:10.1007/500430-014-0356-z] [PMID]

[40] Siadat SD, Vaziri F, Eftekhary M, Karbasian M, Moshiri A,
Aghasadeghi MR, et al. Preparation and Evaluation of a New
Lipopolysaccharide-based Conjugate as a Vaccine Candidate
for Brucellosis. Osong public health and research perspectives.
2015;6(1):9-13. [DOI:10.1016/j.phrp.2014.10.012] [PMID] [PM-
CID]

[41] Winter AJ, Rowe GE, Duncan JR, Eis MJ, Widom ], Ganem B,
et al. Effectiveness of natural and synthetic complexes of porin
and O polysaccharide as vaccines against Brucella abortus in
mice. Infect Immun. 1988; 56(11):2808-17. [PMID] [PMCID]



http://immunoreg.shahed.ac.ir/
https://doi.org/10.1016/0003-2697(78)90260-9
https://doi.org/10.1016/0003-2697(78)90260-9
https://www.ncbi.nlm.nih.gov/pubmed/5669888
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC315131
https://doi.org/10.1016/0003-2697(82)90673-X
https://doi.org/10.1021/bi00789a030
https://www.ncbi.nlm.nih.gov/pubmed/4326772
https://doi.org/10.1016/0003-2697(82)90118-X
https://www.ncbi.nlm.nih.gov/pubmed/1548064
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC257008
https://www.ncbi.nlm.nih.gov/pubmed/10943337
https://doi.org/10.1177/096805199400100303
https://doi.org/10.1046/j.1432-1327.2000.01204.x
https://doi.org/10.1046/j.1432-1327.2000.01204.x
https://www.ncbi.nlm.nih.gov/pubmed/10727940
https://doi.org/10.1128/IAI.00331-06
https://www.ncbi.nlm.nih.gov/pubmed/16988260
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1594895
https://doi.org/10.1016/S0147-9571(01)00029-7
https://doi.org/10.1016/j.biologicals.2010.08.005
https://www.ncbi.nlm.nih.gov/pubmed/20965746
https://www.ncbi.nlm.nih.gov/pubmed/25266004
https://doi.org/10.5812/jjm.24853
https://www.ncbi.nlm.nih.gov/pubmed/26862376
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4741057
https://doi.org/10.1007/s00430-014-0356-z
https://www.ncbi.nlm.nih.gov/pubmed/25187406
https://doi.org/10.1016/j.phrp.2014.10.012
https://www.ncbi.nlm.nih.gov/pubmed/25737825
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4346588
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4346588
https://www.ncbi.nlm.nih.gov/pubmed/2844673
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC259654

