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a  b  s  t  r  a  c  t

A (GT)n microsatellite  polymorphism  at 3′UTR of  SLC11A1(solute  carrier  family  11A1)  is
associated  with  the  natural  resistance  to  bovine  brucellosis.  A pleiotropic  effect  of  SLC11A1
on other  candidate  genes  influencing  the host resistance  including  monocyte  chemotac-
tic/chemoattractant  protein  1  (MCP1)  is also  hypothesized.  In  the  present  study,  we  report
the cloning  and  characterization  of the  complete  coding  sequence  of  bubaline  (bu)  MCP1
and its tissue  distribution  at  the  transcript  level.  The  buMCP1  exhibited  as  high  as 99%  and
>80%  of  sequence  identities  with  the  bovine  and  other  domestic  animal  species  homo-
logues.  The  buMCP1  mRNA  was  abundant  across  the  different  tissues:  most  abundant
in  liver  and  mammary  gland,  moderate  in  ovary,  skeletal  muscle  and  testis,  and  least  in
uterus.  Further,  quantitative  real-time  PCR  (RTqPCR)  analysis  revealed  that PBMCs  carry-
BMC ing so  called  resistant  GT13 allele  produced  more  MCP1  mRNA  endogenously  as well  as
when induced  with  brucella  LPS  suggesting  the  pleiotropic  roles  of  SLC11A1  in  conferring
resistance  against  the  intracellular  pathogens  particularly  against  brucellosis.  However,  the
underlying  molecular  mechanisms  by  which  3′UTR  SLC11A1  concomitantly  increases  the
production  of  chemokines  like MCP1  are  yet  to be  investigated.
. Introduction

SLC11A1 (solute carrier family 11A1), erstwhile referred
s NRAMP1 (Natural Resistance Associated Macrophage
rotein 1), regulates the macrophage function and thereby
onfers resistance to a number of antigenically different
ntracellular pathogens including Brucella abortus (Bradley
t al., 1979; Gros et al., 1981; Plant and Glynn, 1974;
kamene et al., 1982). A (GTn) microsatellite (where n is
3, 14, 15, or 16) polymorphism, located in the 3′UTR of
ovine SLC11A1, has significant association with the natu-

al resistance to brucellosis (Adams and Templeton, 1998).
he susceptible mouse macrophage cell lines (RAW264.7)
ransfected with the bovine SLC11A1 resistant allele
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E-mail address: drabhijitmitra@gmail.com (A. Mitra).
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restricted the intracellular replication of B. abortus (Barthel
et al., 2001). GTn polymorphism has also been associated
with the brucellosis resistance in buffalo (Borriello et al.,
2006; Capparelli et al., 2007; Ganguly et al., 2008). The
pleiotropic effect of SLC11A1 on other candidate genes
influencing the host resistance is also hypothesized (Lang
et al., 1997; Gazouli et al., 2008). Nevertheless, the inde-
pendent roles of some of these candidate genes such as
MCP1, TNF-alpha, TGF-beta, IL-10, IL-6 and IFN-gamma,
E-selectin, L-selectin, and TLR4 have also been reported
elsewhere (Eskra et al., 2003; Karaoglan et al., 2009; Rafiei
et al., 2006, 2007; Rezazadeh et al., 2006).

Monocyte chemotactic/chemoattractant protein 1
(MCP1), a member of the C C chemokine family, is

expressed in a variety of cell types including endothe-
lium, fibroblast, epithelium, smooth muscle, mesanglial,
astrocyte, monocyte and microglial cells (Deshmane et al.,
2009). However, monocytes are the major source of MCP1

dx.doi.org/10.1016/j.vetimm.2012.12.015
http://www.sciencedirect.com/science/journal/01652427
http://www.elsevier.com/locate/vetimm
mailto:drabhijitmitra@gmail.com
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(Yoshimura et al., 1989). The MCP1 has been associated
with various inflammatory (Namiki et al., 2002; Spoettl
et al., 2006; Ip et al., 2006) as well as few infectious
diseases such as tuberculosis (Flores-Villanueva et al.,
2005), paratuberculosis (Buza et al., 2003) and brucellosis
(Eskra et al., 2003).

South and Southeast-Asian countries possess around
83% of the world buffalo (Bubalus bubalis)  population
of which India alone contributes 57%. Although numer-
ically buffalo is just half the population of cattle, it
contributes around 60% of the annual milk production
of India (FAOSTAT, 2010). Further they are anecdotally
referred as sturdy and resistant to various infectious dis-
eases. A survey in India revealed 16.4% buffaloes were
positive for brucellosis (Gwida et al., 2010). However, the
fact that one fifth of animals still remain sero-negative even
in a heavily infected herd (Borriello et al., 2006) neces-
sitates the exploitation of the natural host resistance to
brucellosis in buffaloes.

Since the discovery of human MCP1 (Yoshimura et al.,
1989) its homologues have been cloned in different
species including rabbit (Yoshimura and Yuhki, 1991), rat
(Yoshimura et al., 1991), cattle (Wempe  et al., 1991, 1994),
guinea pig (Yoshimura, 1993), pig (Hosang et al., 1994) and
sheep (Dunphy et al., 2001). However, bubaline MCP1 is
yet to be characterized. In the present study, we cloned
and characterized the complete coding sequence of buba-
line MCP1 and further investigated the effect of SLC11A1
genotypes on the differential expression of MCP1 in PBMCs
while induced with brucella LPS.

2. Materials and methods

2.1. Animals

Healthy adult female buffaloes (n = 5) belonging to Mur-
rah breed maintained in the institute herd at Izatnagar
(U.P.), India, were included in the study. All these animals
were tested to be sero-negative for Rose Bengal Blue Test
(RBPT), standard tube agglutination test (STAT) and indi-
rect ELISA as described by Kumar et al. (2005).  Further these
animals had no history of abortion and vaccination against
brucellosis.

2.2. Grouping of animals on the basis of GTn genotypes

Genomic DNA was isolated from the venous blood
using standard phenol chloroform extraction method
(Sambrook et al., 1989). A region corresponding to 401 bp
of 3′UTR of SLC11A1 was  PCR amplified using the primers
(forward: 5′-CGCTTCCTGTATGGGCTTC-3′ and reverse: 5′-
TCCAAGGTAGGTGTCCCCA-3′) as described by Rajaravindra
(2008).  The amplified products were resolved by agarose
gel (1%) electrophoresis and visualized using ethidium bro-
mide (EtBr) staining under UV light. The PCR products were
subjected to fragment analysis for microsatellite genotyp-

ing. The animals were classified into two groups based on
their number of GT repeats present at the 3′UTR of SLC11A1
gene viz., GT13 (GT13/GT13) constituting of two animals
homozygous for GT13 allele and NonGT13 (GTn/GTn, where
and Immunopathology 152 (2013) 295– 302

n /= 13) consisting of three animals carrying other than
GT13 alleles in their homozygous form.

2.3. Isolation of PBMC

Venous blood (10 ml)  was collected aseptically from
the healthy adult animals. The peripheral blood mono-
nuclear cells (PBMC) were separated by density gradient
centrifugation using Hisep (Himedia, India) following man-
ufacturer’s instructions. Briefly, 8 ml  of PBS-diluted (1:1)
blood samples were layered over 4 ml  of Hisep in 15 ml  tube
and centrifuged at 400 × g for 30 min. The PBMCs aggre-
gated at the interphase were collected and washed three
times with sterile PBS.

2.4. Induction of PBMC culture

Following the adjustment of concentration of PBMC to
5 × 106 cells per ml,  the PBMC were cultured in a 25 ml
tissue culture flask for 30–36 h using RPMI 1640 cell cul-
ture medium (Sigma, USA) supplemented with 10% heat
inactivated Fetal Calf Serum (Sigma, USA) and antibiotics
Penicillin G (100 IU/ml) and Streptomycin (100 �g/ml). The
PBMC of animals belong to both the genotype groups
were induced with the LPS derived from B. abortus strain-
99 (OIE Manual, 2004) at a final concentration of 0 and
20 �g/5 × 106 cells for 12 h.

2.5. cDNA synthesis

The total RNA was isolated from PBMCs using Tri-
reagent (Sigma, USA) according to the manufacturer’s
instructions. The isolated RNA sample was  treated with
DNase using DNA-freeTM DNase Treatment & Removal
Reagents (Ambion, USA). The concentrations and purities
of RNA preparations were determined spectrophotomet-
rically at OD260 and OD280. The total RNA was  reverse-
transcribed using Reverse Transcription (RT) System
(Promega, USA) following the manufacturer’s instructions.
Briefly the cDNA was synthesized from approximately 2 �g
total RNA using oligo-dT primers and avian myloblastosis
virus reverse transcriptase in a final volume of 20 �l. The
resultant first strand of cDNA was stored at −20 ◦C until
use.

2.6. PCR amplification of MCP1

A complete coding region of MCP1 was  ampli-
fied using a pair of MCP1 specific primers (forward:
5′-CCAACAGCTTCCACGCTGAAAC-3′ and reverse: 5′-
GCAGTTAGGGAAAGCCGGAAGA-3′). PCR amplification
was  carried out in a total volume of 25 �l that contained
7.5 pmol of each primer, 1 �l of cDNA, 10 mM Tris–HCl
(pH 8.8), 50 mM  KCl, 2.0 mM MgCl2, 2.5 mM of each dNTPs
and one unit of Taq DNA polymerase (Fermentas, USA).
The amplification was carried out in a Thermal Cycler
(Eppendorf, Germany) in the following cycling conditions:

it included an initial period of denaturation at 94 ◦C for
2 min, followed by 35 cycles of denaturation at 94 ◦C for
30 s, annealing at 58 ◦C for 30 s and extension at 72 ◦C for
45 s, and a final extension at 72 ◦C for 10 min. The PCR
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mplified products were resolved by agarose gel (1%)
lectrophoresis and visualized using ethidium bromide
EtBr) staining under UV light.

.7. Cloning and sequencing

The amplicon of MCP1 was cloned into pGEMT
asy vector (Promega, USA) following the manufacturer’s
nstructions. Positive recombinant clones were identified
sing blue and white screening. Further, the presence of
he insert was confirmed by restriction digestion with
coRI and PCR amplification of the insert using recom-
inant plasmid as a template. The positive clones were
equenced using an automated sequencer using Sanger’s
ideoxy chain termination method with the standard T7
nd SP6 sequencing primers.

.8. Public sequence used

In addition to the buMCP1 sequenced in the present
tudy, coding sequences of the several mammalian
pecies available in GenBank database were also included;
ndian cattle (EU837194), taurine cattle (EU276059), pig
EU682328), horse (EU438774), dog (NM 001003297),
uman (NM 002982), crab eating macaque (AF276081),
live baboon (NM 001173538), pig tailed macaque
AY206693), rabbit (NM 001082294), rhesus monkey
NM 001032821), Sumatran orangutan (NM 001132340),

ouse (NM 011333), rat (NM 031530.1), guinea pig
NM 001172926.1), and Hispid cotton rat (AF165953).

.9. Sequence analysis

The sequences were subjected to BLAST analysis
http://www.ncbi.nlm.nih.gov/BLAST). The nucleotides as
ell as the deduced amino acid sequences were aligned
ith those of available species in the GenBank database
sing the Clustal method of MegAlign Programme of
asergene Software (DNASTAR, USA). Phylogenetic and
olecular evolutionary analyses were conducted using
EGA version 4 (Tamura et al., 2007). Phylogenetic tree
as constructed using neighborhood joining method.
eliability of a tree obtained was tested by bootstrap-
ing test of phylogeny. Ratios between synonymous and
on-synonymous substitutions (ω) along AA sites were
stimated with the program codeml of the PAML package,
sing model M3,  with K = 3 AA site classes as in Yang et al.
2000). Signal peptide of the sequences was predicted by
ignalP 4.0 server http://www.cbs.dtu.dk/services/SignalP/
Petersen et al., 2011). The isoelectric point and the molec-
lar weight of deduced peptide were predicted using the

xpasy tools (http://expasy.org/cgi-bin/protparam). The
omain features of deduced buMCP1 were determined
y ScanProsite of expasy tools. O-linked glycosylation, N-

inked glcosylation, phosphorylation sites and disulfide
onds were predicted using YinOYang 1.2 tool, NetNG-

yc 1.0 server, http://www.predictprotein.org and DiANNA
eb server 1.1, respectively.
and Immunopathology 152 (2013) 295– 302 297

2.10. Expression of buMCP1 in various tissues using
semi-quantitative PCR

Total RNA was extracted from approximately 100 mg
of each tissue including liver, mammary gland, skeletal-
muscle, ovary, testis and uterus were collected upon
slaughter from apparently healthy adult buffalo from
the local abattoir. Two micrograms of total RNA from
each sample was reverse transcribed as described above.
Exactly 1 �l of cDNA of all tissues was subjected to PCR
using MCP1 PCR primers as described under Section 2.6.
GAPDH was  used as an internal control to assess the
variations in the efficiencies of the RT step among differ-
ent experimental samples. A 496 bp fragment of GAPDH
was amplified independently using a pair of primers
(forward: 5′-CAAGGTCATCCATGACAACTTTG-3′; reverse:
5′-GTCCACCACCCTGTTGCTGTAG-3′). For amplification of
GAPDH gene, the same reaction conditions and compo-
nents as described for the amplification of buMCP1 gene
were used. In order to check the DNA contamination for
each RNA sample, a control reaction was  set up in which
reverse transcriptase enzyme was  omitted during cDNA
synthesis. The number of cycles used to amplify the cDNA of
both the genes was  kept identical. Each PCR mixture (8 �l)
was electrophoresed through EtBr stained 1.0% agarose
gel and photographed using gel-documentation system
(Syngene, USA). The size of PCR products was  verified by
comparing with a DNA Ladder (SM #1173; Fermentas,
USA). The concentrations of the GAPDH and buMCP1 mRNA
were determined by densitometry analysis (Tan and Ng,
2008) using ImageJ software (ImageJ, version 1.46 g, NIH,
USA). In brief, the gel image to be analyzed (TIF format) is
opened with ImageJ and converted to 8bit format. Then the
background is subtracted using rolling ball radius option.
The bands are selected by rectangle tool and the lanes are
plotted using plot lanes option. Once the plotted lanes are
selected through line and wand tools the area is displayed
corresponding to their band intensity and size. The rela-
tive expression was  determined as arbitrary units, defined
as the ratio of mRNA level of MCP1 to the correspond-
ing GAPDH mRNA level [value = (area of MCP1)/(area of
GAPDH)].

2.11. Expression of MCP1 in different genotypes of
SLC1A1 using quantitative real-time PCR (RTqPCR)

The total RNA was isolated from the induced and
uninduced PBMCs of different genotype groups and was
subsequently reverse transcribed as described above.
The gene-specific real-time primers for MCP1 (forward
64F: 5′-CTCGCTCAGCCAGATGCAA-3′ and reverse 173R:
5′-TTGCTGCTGGTGACTCTTCTGT-3′) and endogenous con-
trol GAPDH (forward F: 5′-CTCCTGCACCACCAACTG-3′ and
reverse R: 5′-CGCCAGTAGAAGCAGGGA-3′) were designed
using Primer Express (Ver3.0) on the basis of available
cDNA sequences in the GenBank.

To avoid non-specific amplification and primer–dimers

in quantitative expression of MCP1 and GAPDH the spe-
cific combinations of forward and reverse primers were
selected through primer optimization matrix (Mikeska and
Dobrovic, 2009). In the present study MCP1 specifically

http://www.ncbi.nlm.nih.gov/BLAST
http://www.cbs.dtu.dk/services/SignalP/
http://expasy.org/cgi-bin/protparam
http://www.predictprotein.org/
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Fig. 1. Amplification of 405 bp fragment of MCP1 using recombinant plas-

We have cloned the CDS (300 bp) of buMCP1 which
encodes MCP1 peptide comprising of 99 amino acids
having the molecular weight of 11.1 Kda and predicted iso-
electric pH of 9.5. Like bovine, swine, equine and primates,
298 S. Balasubramaniam et al. / Veterinary Immu

amplified at 50:50 nmol/l and GAPDH at 100:50 nmol/l of
forward and reverse primer combinations. The PCR effi-
ciency (E) for MCP1 and GAPDH was found to be 101.8
and100 percentages, respectively.

Then, the RTqPCR was carried out on cDNA samples
using Applied Biosystems (ABI7500) real-time PCR System.
All PCR reactions were performed in 20 �l volume in dupli-
cates. The reaction mixture contained 1× SYBR® Green
Master Mix  (Applied Biosystems, USA) 5 �l of cDNA (1:10
diluted) template and gene specific primers along with one
no template control for each gene. The thermo-cycling con-
ditions were: 50 ◦C for 2 min, 95 ◦C for 10 min, followed by
40 cycles of 95 ◦C for 15 s and 60 ◦C for 1 min. The disso-
ciation reaction was carried out under following cycling
conditions. They were 1 cycle of 95 ◦C for 15 s, 60 ◦C for
1 min, 95 ◦C for 15 s and 60 ◦C for 15 s. The observed CT val-
ues were used to calculate the relative quantitation (RQ)
using the comparative CT method (Livak and Schmittgen,
2001).

2.12. Nitric oxide estimation

The nitric oxide (NO) production by PBMCs after stimu-
lation with B. abortus LPS was measured using colorimetric
assay kit (Cayman Chemicals, Item No. 780001, USA) fol-
lowing the manufacturer’s instructions.

2.13. Statistical analysis

Gene expression fold change values obtained from
RT-qPCR were log transformed to normalize the data.
Subsequently, differences between the groups for MCP1
expression and NO production were statistically analyzed
by one way ANOVA (SPSS16.0). All numerical data were
expressed as a mean ± SE.

3. Results

3.1. Sequence analysis of buMCP1

A 405 bp fragment of buMCP1 cDNA (Fig. 1), compris-
ing of the complete coding sequence (CDS) of 300 bp,
was cloned and sequenced. Blast analysis of the obtained
sequence revealed >80% identity with the MCP1 sequences
of domestic animal species available in the GenBank.
Accordingly, the buMCP1 sequence was submitted in the
GenBank under the Acc No. HQ889748.

3.2. MCP1 expression in various tissues

The MCP1 mRNA was the most abundant in the liver
and mammary gland tissues. The expression of MCP1 was
moderate in the ovary, skeletal muscle and testis, and was
the least in the uterus (Fig. 2).

3.3. Differential expression of MCP1 in PBMC
The differential expression of MCP1 was observed in
the PBMC of different genotype groups (Fig. 3). There were
five folds more (P < 0.01) endogenous expression of MCP1
mRNA in the PBMC of GT13 animals compared to NonGT13
mid  as a template (lane 1) and restriction enzyme (EcoRI) digestion of
recombinant plasmid (lane 2) showing the release of the MCP1 insert of
424 bp. Lane M:  100 bp DNA ladder.

LPS induction further potentiated the MCP1 mRNA expres-
sion by 2.5 times (P < 0.01) in the PBMCs of GT13 group
(Fig. 3) with no effect (P = 0.511) on NonGT13 group.

3.4. NO production

The amount of NO production did not differ markedly
in the PBMC of different genotypic groups.

4. Discussions

4.1. Characterization of buMCP1
Fig. 2. Relative mRNA expression of buMCP1 in buffalo tissues. RT-PCR
amplified products of bu-GAPDH and buMCP1 from different tissues viz.,
liver (lane 1), mammary gland (lane 2), skeletal muscle (lane 3), ovary
(lane 4), testis (lane 5) and uterus (lane 6), 100 bp DNA marker (M).
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ig. 3. Expression of buMCP1 in GT13 (n = 2) and NonGT13 (n = 3) geno-
ype groups upon induction with Brucella LPS at concentrations of 0 and
0  �g/5 × 106 cells.

he size of the buMCP1 CDS is conserved. However, CDS
s longer in dog, rodents and rabbit. The MCP1 peptide of
og possesses two additional amino acids at the positions
f 93 and 94. In rodents (guinea pig-120, mouse-148, rat-
48 and Hispid cotton rat-150 amino acids) and rabbit (125
mino acids), excess amino acids are present at the carboxyl
erminal of the peptide. The MCP1 protein is highly con-
erved at the N terminus among different species whereas

 terminus remains much more variable (Yao and Tsirka,
010).

The buMCP1 protein possesses a signal peptide of 23
mino acids which is predicted to be cleaved between Ala
nd Gln residues to yield the mature buMCP1 peptide (76
mino acids) of 24th to 99th amino acid residues. The signal
eptide length and the first four amino terminal residues
QPDA) of the mature peptide are conserved in all the
pecies (Yoshimura, 1993) (except guinea pig which has

 at the fourth place) analyzed under the present study.
he predicted secondary structure of peptide shows around
9.4% helical, 18.2% strand and 42.4% loop with a C-terminal

 helical stretch.
The deduced amino acid sequence of bu-MCP1 exhib-

ted the sequence identity of 100% and 99% with that of
ndian and taurine cattle. Alignment report of the deduced
mino acids (Fig. 4) of the Bovidae species indicated only
ne amino acid change at 69th position having Val in Indian
attle and buffalo, and Ile in taurine cattle. The other domes-
ic animal species including pig, horse and dog exhibited
3.8, 79.8 and 73.7% identities, respectively. At amino acid

evel, the Cercopithecidae family of primates exhibited
2.7% identity whereas the Hominidae family exhibited
0.7% only. Rodents exhibited the least identities (50–55%)
ith that of buMCP1 peptide.

The phylogenetic tree constructed based on nucleotides
Fig. 5) and deduced amino acids (not shown) sequences
evealed similar trend. buMCP1 formed a single clad with
ndian and taurine cattle. The next nearer branches are

ormed by pig (87.3%) and horse (84.3%). The order car-
ivora including dog and American mink showed the

dentity of around 83% with the buMCP1. The primates
ormed a separate clad with the identity of around 81–83%.
and Immunopathology 152 (2013) 295– 302 299

The primate clad is further separated into two branches;
Cercopithecidae family (crab eating macaque, pig tailed
macaque and rhesus monkey) and Hominidae family
(human and orangutan). The order rodentia including
mouse, guinea pig, rat and Hispid cotton rat exhibited the
identity of 65 to 73%. The dN/dS analysis revealed that 24
out of 99 amino acids showed dN/dS ratio of >1 indicating
positive selection pressure. Among them eight amino acids
at positions of 20, 45, 49, 69, 71, 88, 89 and 99 received the
highest score ranging from 0.983 to 1.0.

Structure-function studies demonstrated the impor-
tance of the N-terminal region of MCP1 in receptor binding
and activation (Clark-Lewis et al., 1991). The rodent MCP1
C-terminus is decorated extensively with O-linked glyco-
sylation sites (Zhang et al., 1996), which promotes the
formation of dimer or higher order aggregates of MCP1.
It is then cleaved by plasmin during cell injury and thus
abrogates the dimer, make them easily diffuse in the cell
and bind efficiently CCR2. The plasmin-regulated extra-
cellular cleavage step is a functional characteristic for
other chemokines such as cCAF (chicken chemotactic and
angiogenic factor) and the hemofiltrate CC chemokine 1
(Vakili et al., 2001; Martins-Green, 2001). For primates and
domestic animals, the MCP-1 gene seems to have evolved
to lose this regulatory cleavage step since they lack the C-
terminal extension (Yao and Tsirka, 2010). Yoshimura and
Yuhki (1991) demonstrated that the sequence motif YXR
(positions 51–53) dictates the receptor specificity of the
MCP1 molecules. We  and others (Hosang et al., 1994) found
the 52nd residue X to be a basic in all the species with the
exception of guinea pig.

The 34–76 amino acids of buMCP1 peptide represent
the signature sequence of small cytokine C C subfamily.
The conserved Cys residues were observed at the positions
of 34, 35, 59 and 75 in all the species including rodents
and they were predicted (DiANNA web  server 1.1) to form
disulfide bridges at Cys 34–59 and Cys 35–75. The YinOYang
1.2 tool revealed the most probable sites of O-linked gly-
cosylation for Thr at the positions of 19, 55 and 96 and
Ser at 4 and 56. However, we  could not detect any puta-
tive N-linked glycosylation sites as reported by Dunphy
et al. (2001) in ovine. Ruggiero et al. (2003) proposed
that differential glycosylation may  allow highly effective
short-lived MCP1 or less-effective long-lived MCP1 to be
obtained, and may  thus represent a novel mechanism
of adaptation to pathological versus physiological con-
ditions. A PROSITE database search of predicted protein
identified two putative cAMP and cGMP-dependent pro-
tein kinase phosphorylation sites, three protein kinase-C
phosphorylation sites and a tyrosine kinase phosphory-
lation site. Whereas Dunphy et al.  (2001) reported one
putative cAMP/cGMP kinase site and two  protein kinase
C sites in sheep.

4.2. MCP1 expression and NO production between
genotype groups
MCP1 regulates the migration and infiltration of
immune response cells to the infected sites and thus over-
come the infection. It is expressed in a variety of cells
including endothelium, epithelium and smooth muscle.
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Fig. 4. Alignment report of deduced amino acid sequence of buMCP1 with that of other species. The dots indicate the same residues with that of buffalo.
The  double edged arrow (↔)  indicates the signal peptide of buMCP1. The rectangle covering the QPDA at the positions of 24–27 residues (next to the signal
peptide) indicates the conserved N-terminal mature peptide in all the species. The smooth rectangles at the positions of 34–35; 59 and 75 indicate the
conserved cysteine residues. The thick rectangle (51–53) indicates the conserved residues which dictate the receptor specificity. The smooth rectangle
encircling the 80–91 residues indicates the C-terminal � helix. Two small elliptical curves at the positions of 41 and 52 indicate cAMP and cGMP dependent

ate (at 4
protein kinase phosphorylation sites. Three small smooth rectangles indic
(at  81) indicates tyrosine kinase phosphorylation site.

The mRNA expression across various tissues of buffalo,
observed in the present study, is suggestive of its role in
mounting an immune and inflammatory response against
infection (Rodríguez-Sanabria et al., 2010).

Host-resistance to intracellular pathogens is mediated
through a complex process. SLC11A1 is known to play

a major role in conferring resistance against intracellu-
lar pathogens (Skamene et al., 1982). The SSCA analysis
(Adams and Templeton, 1998) and transfection study
(Barthel et al., 2001) proved the association of 3′UTR
0, 56 and 96) the protein kinase c phosphorylation site. One small triangle

microsatellite polymorphism with brucellosis resistance.
In contrast, some reports refuted any association of 3′UTR
polymorphism with the host resistance to Brucella meleten-
sis in mice (Guilloteau et al., 2003) and B. abortus in cattle
(Kumar et al., 2005; Paixao et al., 2007). Nevertheless, in
buffalo, we and others established the association of GTn
polymorphism with the brucellosis resistance (Borriello
et al., 2006; Capparelli et al., 2007; Ganguly et al., 2008).
In our previous studies, we further demonstrated that the
PBMC from GT13 animals produced significantly more H2O2
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ig. 5. Phylogenetic tree constructed on the basis of nucleotide sequence
f  buffalo MCP1 gene with that of other species.

nd NO than those from NonGT13 animals while induced
ith brucella LPS (Ganguly et al., 2008; Rajaravindra, 2008).

t is also believed that SLC11A1 might exert pleiotropic
ffects on innate immune functions by modulating the
roduction of chemokines, cytokines and the formation of
eactive oxygen and nitrogen species (Valdez et al., 2008).
ccordingly, we intended to evaluate whether PBMCs from
uffaloes having so called resistant GT13 allele produce
ore MCP1 when compared to NonGT13. We  demonstrated

hat PBMCs carrying GT13 allele produced more MCP1
RNA endogenously as well as when induced with bru-

ella LPS. However, we could not detect any changes in the
O production between genotype groups. It might be due

o the fact that the PBMC culture was induced with bru-
ella LPS only for 12 h. Several studies (Wang et al., 1994;
ópez-urrutia et al., 2000) also revealed that the measur-
ble change of NO production between different groups
ould be observed during 24–48 h. But, as we are more
nterested in the mRNA level of MCP1 only, we did not

xtend the PBMC culture for longer duration. However it
ill be interesting to see the NO level at different time

ntervals.
and Immunopathology 152 (2013) 295– 302 301

5. Conclusion

In conclusion this is the first ever study reporting
the cloning, characterization and expression profile of
buMCP1. The microsatellite polymorphism at 3′UTR of
SLC1A1 significantly influences the MCP1 expression in
PBMC suggesting the pleiotropic roles of SLC11A1 in
conferring resistance against the intracellular pathogens
particularly against brucellosis. However, the underlying
molecular mechanisms by which 3′UTR SLC11A1 concomi-
tantly increases the production of chemokines (MCP1) are
yet to be investigated.
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