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TLRs sense pathogen associated molecular patterns of invading microbes which
initiate intracellular signaling cascades and lead to production of pro-inflammatory
cytokines which in turn help in bridging innate and adaptive immune response. TLRs
and cytokines response of plain and alum adsorbed lysate of Brucella abortus strain 19
in mice model were evaluated by relative expression of the transcript by real time PCR.
Three different groups of mice immunized with plain lysate bacterin, alum adjuvanated
lysate, standard B. abortus strain 19 vaccine respectively and an unimmunized control
group were used in present study. The results showed higher expression of TLR2, TLR4,
TLRY, IL-4, IL-12 and INF-o transcripts in spleen of all the immunized mice groups as
compared to unimmunized control groups. The relative higher transcripts expression of
TLRs and cytokines in alum adjuvanated lysate as comparison to plain lysate bacterin
suggest better immuno-protective response of alum adjuvanated phage lysate bacterin
against the brucellosis.
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Brucellosisisamajor bacterial zoonoses
worldwide (Manish et al., 2013) caused by Brucella
species. B. abortus causes spontaneous abortion
in cattle, lead to major economical lossesin dairy
and chronic infection in humans (Moriyon et al.,
2004; Pappas et al., 2005). Vaccination plays a
central rolein bovine brucellosis control programs
and has been successfully used worldwide for
decades to control the disease (Olsen and
Stoffregen, 2005). The development of an

* To whom all correspondence should be addressed.
E-mail: babbacteriol @gmail.com

efficacious and safe vaccine for brucellosis has
been a challenge for scientists for many years.
Despite enormous advances and the devel opment
of B. abortus S19 (Graves, 1943) and RB51 (Schurig
etal., 2002; Sternet al., 1971) vaccines, the search
for improved vaccines has never ended. Although
the avail able vaccines are effective in controlling
brucellosis, they have numerous drawbacks like
abortifacient potential for pregnant animals (Smith
and Ficht, 1990), residual virulence ability for human
(Spink et al., 1962), the complex manufacturing
process etc. Apart from that, when S19 or RB51
preparations are used in animals, the interference
of vaccine induced antibody response with
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conventional serological tests(Stevenset al., 1994;
Stevens et al., 1995; Schurig et al., 2002) also
creates problemsduring the surveillance programs.
In past, inactivated Brucella vaccines have also
been tried with limited success (Plommet et al.,
1970). The major drawback of chemically killed
vaccines include high production cost, poor
protection, residual virulence, batch to batch
variation, denaturation of conformational epitopes,
unaccepted local reaction, serological problems
(Moriyonetal., 2004).

Continuous efforts by various
researchers have been made in past to develop
alternate effective and safe vaccine candidate
against brucellosis. Till date thereis no licensed
human vaccine against brucellosis. Several new
generation vaccineslike recombinant vaccine (Al-
Mariri et al., 2001; Oliveira et al.,1996), DNA
vaccines(Munoz et al., 2004), genetically modified
vaccines, vectored vaccines (Ruecker and Guzman,
2012) have been tried with varying degree of
success but none showed the results equivalent
tothe BrucellaS19 vaccine (Schurig et al., 2002).

The use of lytic phages to inactivate
bacteria and the application of the phage lysate as
a vaccine antigen is an alternate approach to
develop candidate vaccine against bacterial
disease but it has been poorly explored. Recently
the protective ability of phage lysate bacterins
against brucellosis (Jain et al., 2015) and
Salmonellosis (Verma et al., 2012) has been
evaluated by various workers. The exact
mechanism for protective ability of thiscandidate
vaccine has been poorly understood. It is
hypothesized that due to specific lysis of bacteria
by bacteriophage presents large number of
unaltered conformational epitopes which can
stimulate both innate and adaptive immune
response to elicit robust immune response in the
body. Amongst variousantigens LPS, lipoprotein,
Outer membrane proteins, DNA are the major
antigens supposed to be present in phage lysate
preparation which are considered as important
PAMPsto berecognized by innateimmune system
of defense.

In the recent years, there has much
emphasis on improvement of vaccine utilizing
better adjuvant targeting innate immune response
to enhance both humoral and cell-mediated
immunity. The profound capacity of TLRsmediated
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immunity can be exploited to augment the antigen
specificimmune response for many of thevaccine
antigens. Emerging evidences indicate that
engagement of multiple TLRswith their respective
agonists can result in cross-talk between them. In
an attempt to understand mechanism of immune
response elicited by phage lysate in present study
we are reporting the TLR mediated immune
response of plain and alum adjuvanated phage
lysate of B. abortus strain 19in mice.

MATERIALS AND METHODS

Mice

Apparently healthy female Swiss albino
mice (4 to 6 week age, about 20 grm) were obtained
from the Laboratory Animal Research (LAR)
section unit, IVRI, |zathagar. The animal swere kept
under conventional housing condition and
provided feed and water ad lib. All animal studies
have been conducted as approved by the Ethics
Committee of the Indian Veterinary Research
Institute, | zatnagar.
Bacterial strain

Culture of B. abortus S19 maintained in
Brucella L aboratory, Biological product division,
Indian Veterinary Research Institute (IVRI),
| zatnagar was used in the study. The purity and
identity of culture were tested by morphological,
cultural and biochemical examination.
Brucellaphage

A phage showing consistent lytic activity
against B. abortus S19 was isolated in the
Department of Veterinary Microbiology, Veterinary
College, GuruAngad Dev Veterinary and Animal
Science University, Ludhiana, Punjab, India and
used for the present studies.
Generation of phagelysate

Conditionsfor generation of stable phage
lysate of Brucella S19 were optimized in our
laboratory system asper Jainet al., 2015 with dight
modification. For comparative evaluation of TLR
response of phage lysate and the standard Brucella
S19 vaccine, a pool of equal volume of 3 lysate
batches was used as the final test preparation.
Safety test was conducted by injecting 0.5 ml of
test preparation through intramuscular,
subcutaneous, intravenous or intraperitoneal rout
into 5 micekept in 4 separate groups. Theanimals
were observed for any untoward reaction or
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mortality till 21% day of inocul ation.
Characterization of phagelysate

Biochemical composition of each batch
of lysatewasdetermined by estimating total protein
(Lowry, 1940) and carbohydrate (concentration
Duboiset al., 1956) concentration. The phage count
was determined by using serial dilution method.
Experimental population and immunization

4-5week old healthy swissalbino female
mice obtained from Laboratory Animal Research
(LAR) unit IVRI lzatnagar were randomly
distributed in to four experimental groups
consisting of 6 animalseach. Each mouse of group
| and Il wereinjected with plain phage lysate and
alum adjuvanated phage lysate respectively in a
dosevolumeof 0.1 ml through subcutaneousroute.
Mice of group Il received Brucella S19 vaccine
(1X10° cfu/mice: subcutaneously) and kept as
positive control. Mice of group IV kept asnegative
control, received buffered Brucellasaline (BSS).
Collection of sample

Two randomly selected mice from each
group were sacrificed on 3, 7 and 14" day post
immunization (DPI). Spleen tissue was collected
aseptically, washed threetimeswith PBS and stored
in RNA Later (SigmaAldrich, USA) at -20°C for
RNA isolation.
RNA isolation and cDNA synthesis

Spleen tissues were processed for total
RNA isolation using Ribozol TM (Amresco, USA)
as per the manufacturer’s protocol and the
complementary DNA (cDNA) was synthesized from
total RNA using RevertaidTM First Strand cDNA
SynthesisKit (Thermo Scientific, USA), following
manufacturer’sinstructions. 1 g of total RNA was
treated with 1l of DNasel (Fermentas USA) prior
to reverse transcription to remove any DNA
contamination from extracted RNA. The extracted
RNA was assessed for quantity and purity using
nanodrop Spectrophotometer (nanodrop Ltd, UK)
and stored at -80°C until further use. The reverse
transcription was performed using M-
MuLV Reverse Transcriptase (Thermo scientific,
USA). Briefly, 1ug of total RNA wasmixed with 1
of random hexamer primers (Thermo scientific,
USA) ina0.2 ml PCR tube and incubated at 65°C
for 5minto removeany secondary structurewithin
the RNA. Then the tubeswere snap chilled onice
which was followed by addition of 4 ul of 5x RT-
buffer, 1.5 ul of 10Mm dNTPmix, 1 pl of reverse
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transcriptase enzyme, 1 pl of RiboLock RNase
inhibitor inafinal 20 pl volume of reaction. The
contentswere mixed properly and incubated at 42°
Cfor 1hinathermo cycler for reversetranscription
to occur. Finally the reactions were terminated by
heating at 90°C for 2 minto inactivate M-MuLVRT
enzyme. The cDNA prepared was stored at -80°C
for further use.
Real timequantification

Thedifferential MRNA Expression levels
of TLR2, TLR4, TLR9, IL-4, INF-3and IL-12 genes
wereanalyzed by real time PCR using the Maxima
SYBR Green (Thermo Scientific, USA) onABI 7900
real time PCR system (Applied Biosystem, USA)
using published gene specific primers (Table 1). 2-
Actin was used as the reference gene. Expression
levels of the target genes were calculated relative
to the expression of the2Actin gene and expressed
as n-fold increase or decrease relative to the
control. Real time RT-PCR was conducted in a
final volume of 10 pl containing 5ul SYBR green
PCR magter mix (Thermo scientific, USA), 1 ul cDNA
asthe PCR template and 1pl (5 pmol) forward and
reverse primers. Real time RT-PCR was performed
using thefollowing cycling parameters: 1 cycleat
95°C for 5 min followed by 40 cycles of 95° C for
15sand annealing at temperature asshownintable
1 for 30s, and adissociation stage of 95°C for15s,
60°C for 30s, 95°C for 15sand 60°C for 15s. The
change in the gene expression was calculated as
2-""Ct and the value indicated in an n-fold
differencerelativeto the calibrator.
Satistical analysis

The relative expression of target gene
(TLR) were evaluated by analysis of variance
(ANOVA) followed by Duncan’s post hoc test in
IBM SPSS statistics 20 software. Result are
expressed asMean + SEM. Thelevel of significance
wasset at P <0.05.

RESULTS

Production and characterization of Lysate:
Lysate batches produced through 3 separate
cyclesdid not show any significant variation with
respect to protein and polysaccharide contents.
Carbohydrate and protein concentration of the
pooled lysate were found to be 360ug and 62ug/ml
respectively.
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Safety result: Test preparation did not
produce any untoward effect inmicetill 21% DPI.
Therelativeexpression of TLRsgene

Expression level of TLR2 gene was
significantly (P < 0.05) up-regulated in all the
immunized group at al thetimeinterval under study
ascompared to unimmunized control group (Fig.1).
Expression of TLR2washighest indl theimmunized
group at 3 DPI which gradually declined up to
day 14". However in alum adjuvanated Phage
lysate group after attaining peak on 3 DPI,
declined on 7" DPI and increased again on 14"
DPI. TLR2 expressionwasinvariably higherinmice
immunized with BrucellaS19 vaccine at amost all
day interval. The relative expression of TLR4
transcripts were significantly (P < 0.05) up-
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Fig. 1. Relative expression profileof TLR2in Brucella
phagelysate (PL) bacterin, alum adjuvanated phagelysate
and Brucella S19 immunized mice. The data are
expressed as mean + SDE.
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regulated inall the immunized group at al thetime
intervals under study and peaked at 3 DPI inall
the groups and gradually declined thereafter up to
14" DPI as compared to unimmunized mice group
(Fig. 2). But alum adjuvanated phage lysate group
showed almost equivalent relative expression level
of TLR4 as compared to Brucella S19 on 7" DPI
and 14" DPI. Similar trends were observed in
expression level of TLR9 gene (Fig. 3)
Cytokineexpression profile
Therewassignificant (P < 0.05) increase
inIL-4 expressionat 3, 7" and 14" DPI (Fig. 4) and
peaked on 7" DPI in BrucellaS19 and plain lysate
group but on 14" DPI in alum adjuvanated group.
The expression of IFN-3 (Fig. 5) peaked on 3 DPI
inall theimmunized group and declined up to 14"
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Fig. 2. Relative expression profileof TLR4 in Brucella
phagelysate (PL) bacterin, alum adjuvanated phagelysate
and Brucella S19 immunized mice. The data are
expressed as mean + SDE.

Table 1.
Gene Primer Anneding Primer sequence Reference
(°C)
TLR2  Forward 54 5'-AAGAGGAAGCCCAAGAAAGC-3 Renshew et al.,2002
Reverse 5 -CGATGGAATCGATGATGTTG-3’ Renshew et al.,2002
TLR4  Forward 54 5 -ACCTGGCTGGTTTACACGTC-3 Renshew et al.,2002
Reverse 5 -CTGCCAGAGACATTGCAGAA-3 Renshew et al.,2002
TLR9  Forward 54 5 -ACTGAGCACCCCTGCTTCTA-3 Renshew et al.,2002
Reverse 5 -AGATTAGTCAGCGGCAGGAA-3 Renshew et al.,2002
IL12 Forward 54 5 -TTGCTGGTGTCTCCACTCATG-3 Chanetal., 2012
Reverse 5 -GTCACAGGTGAGGTTCACTGTTTC-3' Chanetal., 2012
INF? Forward 54 5 -GCTTTGCAGCTCTTCCTCATG-3 Chanetal., 2012
Reverse 5 -CTTCCACATCTATGCCACTTGAG-3 Chanetal., 2012
IL4 Forward 54 5 -GAGACTCTTTCGGGCTTTTCG-3 Chanetal., 2012
Reverse 5 -CAGGAAGTCTTTCAGTGATGTGG-3 Chanetal., 2012
B-actin  Forward 60 5'-CAATAGTGATGACCTGGCCGT-3’ Overbergh et al. 1999

Reverse 60

5 -AGAGGGAAATCGTGCGTGAC-3

Overbergh et al. 1999
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Fig. 3. Relative expression profileof TLR9in Brucella
phagelysate (PL) bacterin, alum adjuvanated phagelysate
and Brucella S19 immunized mice. The data are
expressed as mean+SDE
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Fig. 5. Relative expression profile of INF3in Brucella
phagelysate (PL) bacterin, alum adjuvanated phagelysate
and Brucella S19 immunized mice. The data are
expressed as mean+SDE

day. Incaseof 1L-12, significantly higher (P<0.01)
expression was observed at all the time interval
studied after immunization (Fig. 6). IL-12 expression
level peaked on 7" DPI at all immunized group and
persisted up to 14" DPI. However in group
immunized with standard BrucellaS19 vaccinethe
level of expression of almost all genes were
significantly higher than lysate group.

DISCUSSION

In this study, we have evaluated the
expression of toll like receptor and cytokine
transcriptsin spleen of mice model against phage
lysate bacterin of Brucella S19 to understand the
immuno-protective mechanism of Phage lysate
bacterin. Phage lysate which contains varied type
of microbial components is expected to stimulate
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Fig. 4. Relative expression profile of IL4 in Brucella
phagelysate (PL) bacterin, alum adjuvanated phagelysate
and Brucella S19 immunized mice. The data are
expressed as mean+SDE
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Fig. 6. Relative expression profile of IL12 in Brucella
phagelysate (PL) bacterin, alum adjuvanated phagelysate
and Brucella S19 immunized mice. The data are
expressed as mean+SDE

innate immune response which can guide towards
better adaptive immune responsein the body. The
most common PAMPs of bacteria such as
lipopolysaccharide (LPS), lipoproteins and
unmethylated CpG arerecognized by TLR4, TLR2
and TLR9 respectively (Kawai and Akira, 2007).
TLR signaling induced production of several pro-
indlammatory cytokines (Kawai and Akira, 2006).
But no such systemic studies have been
conducted in this regard. So in an effort to
understand mechanism of protection inthe present
report, we are reporting TLRs and cytokines
mediated immune responses of phage lysate
bacterin of B. abortus S19 in mice model via
evaluationof TLR2, TLR4, TLR9, IL-41L-12 and
INF-3. Such kind of study will be helpful in
understanding the mechanism of immune protection
of phage lysate bacterin. As per previous reports,
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acute phase of brucellosis start from the 3 day to
the 27-39week which ismarked by rapid increase
the bacterial load in target organs, inflammation of
the spleen and lymph node (Hort et al., 2003).
Phage lysate bacterin contains several unaltered
conformational epitopes which recognized by
TLRs found on the surface and endosomal
membrane of different types of immune cells
(macrophage, DC, neutrophileetc.). Among all the
TLRs, TLR4, TLR2 and TLR9 play important role
in controlling Brucella infection (Oliveiraet al.,
2008). Up-regulation of TLRs and cytokines
transcripts were observed in immunized mice
groups in comparison to unimmunized group in
present study.

In our study TLR9, IL-12 and INF-a
expression weresignificantly up-regulated at every
interval which indicate bacterial CpG motif of
phage lysate bacterin act as TLR9 agonist and
reaffirm the previous observations that activation
of intracellularly located TLRO with bacterial CpG
motif lead to the production of IL12, which drive
the Thl immune response (Oliveiraet al., 2011)
and increasestheimmunogenicity of peptide, DNA,
tumor cellsor DC based vaccines (van Duin et al .,
2006). TLR9 expression was higher in mice group
immunized with BrucellaS19 in compared to plain
and alum adjuvanated phage lysate group at 37,
7" and 14" DPI which indicate that CMI response
isrelatively higher in Brucella S19 in comparison
to plain and alum adjuvanated phage lysate
bacterin. However the CMI response of phage
lysate bacterin was sufficient enough to protect
intracellular infection of B. abortus in mice as
reported by Jain et al., 2015. The relative higher
expression of TLR9 in live Brucella S19 vaccine
group may be due to mimicking of natural way of
releasing and sensing of bacterial CpG motif by
TLR9in effective manner and higher antigen load.

In our study, TLR2, TLR4 and IL-12
expression were also significantly up-regulatedin
all immunizing groups as compared to negative
control at every interval which suggest that LPS
asaTLR4 agonist and lipoprotein as TLR2 agonist
of Phage lysate bacterin augment the immuno-
protective mechanism of phage lysate bacterin. Our
findingswerein accordance with previousreports,
TLR2 recognize B. abortus|ipoprotein omp19 and
omp16 induce the expression of IL-12 and other
pro inflammatory cytokines (Barrionuevo et al.,
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2008). TL R4 activation strongly enhances Thl type
cellular and humoral immune responses and
typically inducesrobust IL-12 production (Ulrich
etal., 1995 and Evanset al ., 2003). Although TLR2
and TLR4 expression were found to be higher in
miceimmunized with BrucellaS19in compared to
alum adjuvanated phagelysate at 3 DPI however
TLR2 expression wasamaost similar in both group
at 14" DPI and TLR4 expression wasamost similar
in both group at 7" and 14" DPI, which suggest
that alum adjuvanated phage lysate bacterin may
be alternative approach to combat the brucella
infection at very low antigenic biomasswhilelive
Brucella S19 vaccine require high antigenic
biomass. Expression of 1L4 transcript significantly
up-regulate in all the immunized groups in
comparison to unimmunized group. In BrucellaS19
group, the maximum I L-4 expression was observed
at 7" DPI whichreduced at 14" DPI. IL-4 expression
wassignificantly higher in alum adjuvanated phage
lysate group than Brucella S19 group and plain
phagelysate at 14" DPI which reaffirm the previous
observationsthat alum adjuvant drive Th2 immune
response preferentially and help in early protection.

CONCLUSON

On the basis of present observation, we
found that alum adjuvanated phage lysate bacterin
produce sufficient expression level of TLRs and
cytokineswhich inturn suggest alum adjuvanated
phage lysate bacterinin comparisonto plain lysate
produce sufficient immune-protection in form of
Thl, Th2, cell mediated and humora immune
response.
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