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ABSTRACT

Both cell mediated and humoral immune responsesegréred for recovery frorBrucella abortus infection. In the
development of vaccines capable of providing imryuagainst brucellosis, L7/L12 50S ribosomal proteis been
demonstrated to be one of the protective immunoggrBrucella abortus. The recombinanBrucella abortus
L7/L12 ribosomal protein previously produced in thecoli system was purified by affinity chromatography. The
DNA vaccine (pVL7/L12) construct was purified in lkuby endotoxin free reagents. The present studg wa
designed to evaluate cell mediated immune resp@msk humoral immune response after the intramuscular
vaccination of mice with DNA vaccine alone (Group fiecombinant protein alone (Group 2) and DNA waec
followed by recombinant protein boosting (Group Bje protective efficacy of the said vaccines asaluated.
Animals vaccinated with pVL7/L12 (DNA vaccine) aludid not develop L7/L12 specific antibodies atteantil

60 days of vaccination. But recombinant proteinuicetl a strong antibody titer (1:32000) after 60sdafy post
immunization which exhibited a dominance of immulobglin 19G2a over IgG1. L7/L12 DNA vaccine elidite
T-cell proliferation response and also induced gtheduction of IFNy. The lymphocyte proliferation and IFN-
production was significantly higher (P<0.001) inoGp 3 than the other groups. Group 3 also indutred® IgG2a
response. The DNA vaccine followed by protein bimgstnduced a strong significant level of protentio mice
against challenge witB. abortus 544. The level of protection in Group 3 was sigrdfitly higher than the DNA
vaccine or recombinant protein alone. Altogethke tlata generated in the present study suggested TH 12
DNA vaccine followed by recombinant protein boogtia a good candidate for use in future studiegagtination
against brucellosis.
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Introduction

Brucella abortus S19 a smooth, avirulent strain is used the bacterium. Further, the vaccine strain, cres&ts
to vaccinate cattle. Although the S19 vaccine giveswith the serological tests used to diagnose clilyica
considerable protection to cattle, it is pathogeftic  jnfected cases. This is a major drawback in anyrobn
humaps and it is not effethe n controlling the program. In the given scenario various researchers
infection of udder, through which milk used for haim | . .
consumption is contaminated with in the process of developing safe and efficacious
vaccines against brucellosis. Subunit nucleic acid
vaccine strategies which negate many of the desnerit
*Correspondence ) of traditional vaccines give us an opportunity itedfa
Dr. S.K. Mukhopadhayay, Associate Professor, giaple solution to control the disease. Many
Department of Veterinary Pathology, Faculty of immunogenic proteins like Omp 28, Omp 31, Cu-Zn

?/edt_erinary & Animal Sciences, WBUAFS, Kolkata, SOD, L7/L12 have been tried as recombinant subunit,
ndia.
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nucleic acid, synthetic peptide vaccines.L7/L12 50S Anti-mouse 1gG (H+L) HRPO (horse radish
ribosomal protein is a promising candidate because Peroxidase) conjugate, anti-mouse IgG (Fab) HRPO
has given good results in mice models. Further,2nd anti-mouse (I9G1-lgG2a) conjugate were used for
Brucellin INRA (sLPS free cytosolic extract from ELISA and immunoblotting.

rough B. melitensis B115) which is a purified protein  sgmma-I nterferon EIA kit

used in skin test to screen positive cases of hosie

fails to elicit a de]ayed type hyperimmune (DTH) Sandwich ELISA kit was used to estimate mouse
response, when the L7/L12 fraction is removed from Gamma-interferon level.

the purified protein [1]. L7/L12 ribosomal protein
participates in bacterial protein synthesis by bigd
elongation factor G and TU. Like any other ribosbma Restriction endonucleases, Taq DNA polymerase,
protein this 12 kDa protein encoded by a 375 bpegen Proteinase-K, RNase-A were used in this study.

is also conserved across many genera of bactk&da li
E. coli, Mycobacteria etc. The exact antigenic motif
recognized by the host immune system has not yat be Oligonucleotide primers were designed from publishe
elucidated. L7/L12 with its helix turn helix DNA sequence oB. abortus. The primers BAl (Forward)
binding motif makes it a suitable candidate to eare and BA2 (Reverse) both had linear sequences at3hei
for putative T cell epitopes [2]. Any vaccine again €Nds:

brucellosis should give a predominantly Thl mediate BAL

immune response to clear the infection. HN-

(interferon) and TNF: have been implicated as key 5- CGC CGT CGA CAT GGC TGA TCT CGC AAA
cytokines needed to confer protection against theGATC -3’

disease. Keeping all this in mind the present woak
undertaken with the objectives ahalyzing cellular
immune response and humoral immune response5'- GCC CCT GCA GTC TAG ATT ACT TGA GTT
against L7/L12 recombinant protein and its DNA CAA CCT TGGC-3'

vaccine construct in laboratory animal and to sty
protective efficacy of recombinant protein andDfdA

vaccine construct against challenge in laboratory|ns T/A easy vector and DH5E. coli culture were

Enzymes

Oligonuclectide primers

BA2

Vectors and host cells

animal. used in this study.
Material and methods Plasmid isolation kit
Bacterial cultures Endotoxin free plasmid Maxi kit was used for bulk

DNA vaccine production.
Brucella abortus S19 andBrucella abortus 544 were
obtained from Brucella Referral Lab., Division of Molecular weight marker
Veterinary Public Health, Indian Veterinary Reséarc

Institute, Izatnagar, India. Medium range protein molecular weight marker; Pre-
stained molecular weight marker and 100 bp DNA
Experimental animals ladder were used.

Apparently healthy female Swiss albino mice (4 to 6 Recombinant clones

weeks age) were obtained from the Laboratory Animal

Research Section, IVRI, |zatnagar, India. The alima PPROC L7/L12 for prokaryotic expression and
were kept under conventional housing condition andPVL7/L12 for DNA vaccine were obtained from IVRI,

provided feed and wated lib. India.
I mmunoconjugates
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Preparation of competent cells

E. coli stain DH@m was made competent by CacCl
method. E. coli strain DH@® was grown for 2 h in
shaking incubator at 8 in 10 ml test tube in LB
broth without ampicillin till the OD of culture 0.2
0.35 was attained. One ml culture was taken in égsh
ml eppendorf tube and pelleted at 6000 rpm for i) m
The pellet was used for subsequent steps. 206f
0.1M CaC}j was added in each tube and mixed
properly. Further it was centrifuged at 6000 rpm 10
min at £C. The pellet was recovered after discarding
the supernatant. The pellet was re-suspended inu200
0.1M CacC} and kept in ice for 45 min. Each aliquot of
cells was used for transformation.

Transformation of PPROL7/L12 and pVL7/L12

2 ul of each recombinant plasmid was mixed with 200
ul of competent cell aliquot and kept in ice for 1 h
Positive and negative controls were always keptatHe
shock to the cells was given at°@2for 90 sec and
cells were then immediately transferred back toface

5 min. About 600u of LB medium was added to the
transformed cells and incubated at@G7or 45 min.
The cells were then plated out into the LB agar
containing ampicillin for pPROL7/L12 and kanamycin
for pVL7/L12. The plates were incubated at°G7
overnight. After incubation the plates were obsdrve
for presence of colonies and stored“at.4

Screening of recombinant clones

Few colonies were picked at random and incubateéd in
ml LB broth containing ampicillin or kanamycin. The
broths were incubated overnight aP@7under constant
shaking. The plasmids were extracted following klka
lysis method [3].

Screening by PCR

Plasmid DNA from transformed bacteria was used as

Screening by restriction endonuclease digestion

Plasmid isolated from transformed bacteria was
subjected to double digestion with restriction eneg.
Approximately 1.0ug of plasmid was digested with 1
unit of restriction endonucleasd8amH1 andXbal in
reaction volume of 20ul. Digested plasmid was
electrophoresed on 1.0% agarose gel stained with
ethidium bromide.

Sequencing of transformed clones

After screening by PCR and RE digestion, the
recombinant clones were to confirm the correct iread
frame and sequence changes, if any.

Isolation of plasmid DNA from pVL7/L12 for the
production of DNA vaccine

DNA vaccine grade recombinant pVL7/L12 having
complete gene in right orientation was preparedgisi
standard kit following the manufacturer's protocol.

Quantification of plasmid DNA concentration

The concentration and purity of DNA was analyzed by
UV spectrophotometer. The purity of plasmid DNA
was checked spectrophotometrically by consideffireg t
ratio of OD260/0D280.

Production of recombinant protein from pPROC
L7/L12 in bulk

Induction of expression

Overnight culture of the recombinant clone was
inoculated in 500 ml of LB broth containing amgiail
(100 ug/ml) and grown at 3 with vigorous shaking.
The culture was induced with IPTG to final
concentration of 1 mM when the OD at 600 nm
reached 0.5. After 5 h the culture was washed ehric
with PBS and re-suspended in 25 ml PBS. Then the

template for amplification of L7/L12 gene. The PCR culture was stored at -20 fill further use.

mixture consisted of 50 ng of template, 30 pM aftea
primers BA1 and BA2, 20QM of each dNTPs, &l of

SDS-PAGE analysis of the protein

10X PCR buffer and 2.5 wunits of Taq DNA gpg paGE analysis was carried out as described by

polymerase. The volume of the reaction was made Ug gammii

to 50ul with distilled water. PCR was performed using
a DNA thermal cycler with the following conditionS:
min. at 94C followed by 30 cycles consisting of 1 min
at 94C, 1 min at 56C, 1 min at 72C, finally an
extension of 10 min at 72. Around 10ul of amplified
product was then analyzed by electrophoresis ib% 1
agarose gel stained with ethidium bromide.

[4] in a vertical mini-gel electrophoresis
apparatus using 15% resolving gel having a stacking
gel of 5% concentration. Electrophoresis was cdrrie
out at a constant current of 18 mA, until the tiagk
dye reached the bottom of the gel. The gel wasntake
out from the plates and stained with 0.25% (W/V)
Coomassie brilliant blue R-250 prepared in methanol
glacial acetic acid and water (45:10:45) and desthi
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with destaining solution (20 parts methanol : 1@ga Preparation of sonicated antigen from Brucella
glacial acetic acid and 70 parts distilled water).
Sonicated antigen was prepared following the method
Purification of recombinant L7/L12 protein described by Zoha and Carmichael [7] with slight
modification. The antigen was prepared from live
Polyhistidine tagged fusion protein was purifiedien  Brucella abortus S19. The organisms were first heat
denaturing conditions by metal chelate affinity killed at 65C for 2 h, and then it as harvested in PBS.
chromatography with certain modifications introddice After centrifugation at 10,00Qy for 20 min, cell
in the purification parameter.5@ of induced culture  sediment was washed again in PBS. Equal volume of
was re-suspended in 4 ml of lysis buffer (buffer B) sediment and PBS was mixed and sonicated for 30
containing imidazole (20 mM), 1M NaCl, glycerol cycles for 1 min each at amplitude of 30. The sateid
(20%) and Tritonx 100 (25%). It was held at room cell suspension was centrifuged at 15,@06or 1 h.
temperature for 1 h with intermittent mixing. Thellc  The supernatant was taken as sonicated antigescextr

debris was removed by centrifugation at 10,000 rpmConcentration of this sonicated antigen was estithat
for 20 min. The supernatant was incubated with binl by protein-estimation kit as originally describeg¢ b

Ni-NTA resin for 40 min and packed into column. [owry et al. [5].

Thereafter column was washed thoroughly with wash

buffer (buffer C). The fusion protein was elutedOis Experimental vaccination trial in mice

ml x 4X with the elution buffer (buffer E). Fivewgks

were collected. Elutes were checked by SDS-PAGE ad total of 75 number of six week old female Swiss
described earlier. Elutes were dialyzed against RBS albino mice were housed in cage and &dib. Mice

remove urea. were allowed to acclimatize for 1 week before
vaccination. Five vaccine groups of 15 mice eachlewe
Estimation of concentration of recombinant protein immunized by deep intramuscular route with various

preparations as given below:
Concentration of recombinant protein, L7/L12 was

estimated by protein-estimation kit according t@ th Group 1

protocol originally described by Lowst al. [5] taking

BSA as a standard. 50 ug (a total volume of 30Ql in PBS) of L7/L12
DNA vaccine (PVL7/L12) was injected to each mouse.

Preparation of B. abortus 544 for challenge study  Two boosters were given with same concentration of

and B. abortus S19 for vaccination DNA vaccine on day 15 and day 30.

Brucella abortus 544 and B. abortus S19 were  Group 2

subcultured separately on Tryptose phosphate agar o

Tubes as slant culture and incubated &C3or 48 h. 30 pg (a total volume of 150! in PBS) of recombinant

B. abortus 544 culture was incubated under 5% CO L7/L12 protein was emulsified with 150 of Freund's

tension. The growths were harvested with tryptoseincomplete adjuvant was injected to each mouse. 2

phosphate broth by gentle shaking. Booster were given with same concentration of gmote
on day 15 and day 30.

Viable count was determined as per method described

by Alton et al. [6] with some modifications. Tryptose Group 3

phosphate agar was used for the enumeration of the )

organisms. Serial 10-fold dilution of the suspensio 950 kg (a total volume of 30@l in PBS) of pVL7/L12

was made up to I in tryptose phosphate broth. From Was injected to each mice. Two boos_ters were given

the dilution 10" to 10, 10 ul was taken and plating with 30 ug of recombinant L7/L12 protein to each mice

was done on tryptose phosphate agar using threét day 15 and day 30.

replica for each dilution. The plates were incublaat

37°C for 48-72 h. ForB. abortus 544 plates were Croup4

incubated under 5% GQension. Plates showing 30-

300 cfu were selected for colony count. The mean of

all the plates was multiplied by dilution factorhi

was taken on the number of viabBrucella in the

suspension.

50 ug (a total volume of 300l in PBS) of pVax vector
was injected to each mice as vector control. Boivgje
were done by same concentration of vector on day 15
and day 30.
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Group 5 conjugate for 1 h. Color development was carriet ou
with substrate DAB/NiIGYH,0, visualization solution.
300pl of PBS to each mouse. After the optimum color was developed, the NCP was

) washed with excess water to stop the reaction.
Study on humoral immune response

. Detection of cell mediated immune response
Serum samples were collected from the mice on day 0

day 7, day 14, day 30, day 45 and day 60. Splenocyte cultures and lymphocyte proliferatiosags

) ] [9]. Mice were sacrificed at various time intervals
Detection of antibody by ELISA from collected  post immunization for collection of splenocytes to
serum samples detect thein vitro CMI response. After one week, 3
weeks and 6 weeks of post immunization mice were
sacrificed and their spleens were removed under
aseptic conditions.

The presence of serum immunoglobulin G (IgG), IgG1
and IgG2a isotypes with specificity to L7/L12 was
determined by indirect ELISA. The purified

recombinant L7/L12 was diluted to 500 ng/ml in gegyeral perfusions were made in spleen by using 1 m
carbonate buffer (pH 9.6) and used to coat thesw#ll  yperculin syringe having fine needle. Then thdscel
polystyrene plates (1@0well). The plates were yere slowly washed out by PBS-D solution. About 3
incubated at “C overnight. Next day plates were ) of washed cells was aseptically layered overl3 m
washed thrice with PBS-T (phosphate-buffered Sa“”eHistopaque in 15 ml plastic centrifuge tubes. Tiees
containing 0.1% Tween-20). Blocking was done with \yere centrifuged at 1400 rpm for 40 min 4€4The
1% BSA in PBST and incubated for 1 h at@7Plates  jnterface ring rich in mononuclear cells were octitel
were washed thrice with PBS-T. Sera samplescarefully and washed twice in sterile PBS-D at 1200
collected at different days along with negative tomin rpm for 10 min each time. The cells were then re-
in the dilution of 1:200 were put in 1Q0 quantity per  syspended in RPMI 1640 and medium washed again.
wall. The plates were incubated af@7or 60 min and Finally the cells were suspended in RPMI 1640.
washed thrice as before. Anti-mouse conjugates Wer&yjability of cells was ascertained by trypan bluged
added (100ul/well) at an appropriate dilution. The eyclusion method and cell concentration was adjliste
plates were again incubated at’G7for 60 min and (g achieve a cell count of 4 x %L6ells/ml. Splenocytes

washed thrice as before. Finally 1Q0 of freshly were cultured at 3T with 5% CQ in a 96-well flat-
prepared substrate solution was added to each wellygitom plate at a concentration of 4 x°1@able

The plates were incubated for 15 min in the dart an .gjis/well in the presence of 0.4g sonicatedB.

the reaction was stopped by addition of 100f 0.18  ahortus S19 proteins, 0.08g of purified L7/L12, 0.25

M H,SO, per well. Absorbance was measured at 492ug of Concavalin A per well, or no additives (non-
nm. stimulated control) according to Onag al. [10].
Phenol red free RPMI-1640 medium supplemented
with 2 mM L glutamine, 10% heat inactivated fetalfc
serum and 5Qul of penicillin-streptomycin was used

Serum samples of different days in different ddos .
were assayed by Western blot. Western blotting wasfor culturing the splenocytes. After 96 h, @0of MTT

. . . . solution (5 mg/ml in PBS) was added to each wedl an
camgd O.Ut accordlng to Towbet al. [8].W'th some further incubated for 4 hrs and the plates were the
modifications. Purified r-L7/L12 fusion protein,

sonicated Brucella antigen and prestained markee we centrifuged at 153.0 rpmd fgrf 10 mm'hlm)ﬁf c'ultuBre
loaded on 15% SDS-PAGE and electro-blotted on tosrzirg?r:qa(;hvﬁjlf(;iﬁfg (eDMg)(r)n) ?3;5 \;vgdégl?g ?ach
nitrocellulse paper (NCP) at 2 mAmp/cm2 constant M Y

current for an hour, the transfer was carried out i well and mixed - thoroughly avoiding any foam

semidry electro blot apparatus. After the transfer formation in order to dissolve formazan crystalbeT
nitrocellulose paper was blocked by 5% skim milk intensity of colour development was measured by

powder for overnight. After completion of blocking, taking absorbance (OD) at wavelength of 570 nm with

the NCP was washed thoroughly followed by cutting. the reference wavelength of 630 nm in microplate
Strips were incubated with appropriate dilutions of reader.

different serum at 3T for 1 h. After the reaction
primary antibody, NCP was washed three times with
PBS-T and incubated with antimouse IgG-HRPO

Western blot analysis

Stimulation index (Sl) was calculated using the
following formula
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OD of stimulated culture = PBS control group was received only phosphate buffe
Mean SI (MTT) saline (0.2 ml) by intramuscular route.
Mean OD of non-stimulated culture

Challenge of animals by pathogenic Brucella

Detection of Gamma-Interferon level in immunized i _ L .
mice Thirty days after booster immunization all the mice

For detection of IFNg, culture supernatants of spleen Were challenged with virulenBrucella abortus spp.
cells were collected after 48 h of antigen stinialat Animals were challenged with 5 x Iove cells of B.

ELISA using Opt EIA Set Mouse IFN- All assays after challenge, the mice were sacrificed for siplen
were performed in triplicate. clearance assay. Spleens were removed from the mice

aseptically, homogenized in 2 ml of TPB (Tryptose
The concentration of IFN-in the culture supernatants phosphate broth). 10-fold serial dilutions were mad
was calculated for each experimental group using alPB and plated in triplicateB. abortus 544 colonies
linear-regression  equation obtained from the were counted after 3 days of incubation &(G3With 5-

absorbance values of the standards. 10% CQ.
Protection experiments Statistical analyses

A total of 72 no. six weeks old female Swiss albino The data for lymphocyte proliferation, detection of
mice were housed into six groups. Mice were allowed IFN-y and splenic clearance were analyzed by one way
to acclimatize for 1 week before vaccination. 1Zeni  analysis of variance and mean effect by using Danca
were taken for each group as given below. multiple range test [11].s L7/L12 gene.

Immunization with different antigens
Group 1: DNA vaccine (pVL7/L12) Results

Group 2: Recombinant protein vaccine (pPROL7/L12) Screening of recombinant clones (pPROL7/L12 and
pVL7/L12)

Group 3: DNA vaccine followed by protein boosting
Screening by PCR

Group 4: B. abortus S19 vaccine (positive control

group) Plasmid DNA from transformed bacteria was used as a
template for PCR reaction and BA1 and BA2 used as

Group 5: PBS (control group) forward and reverse primers. A single band of 3@5 b
was found in agarose gel electrophoresis of the

Group 6: PVax1 vector (Vector control group) amplified product. It was same as desired sizehef t
gene.

Vaccination schedule, doses and routes of
immunization: Screening by Restriction endonuclease digestion

DNA vaccine and pVaxl vector were given through Plasmid DNA isolated from transformed bacteria was
intramuscular route at dose rate of @ per animal.  subjected to double digestion BamH1 and Xbal. On

Two boosters immunization were performed at day 15agarose gel electrophoresis of the digested prdtiect
and day 30 of primary immunization. Recombinant band size was same as PCR product.

protein vaccine was given through intramusculateou

at a dose of 30pg per animal. Two boosters Sequencing of transformed clones

immunization were performed at day 15 and day 30 of

primary immunization. One group of animals was The recombinant clones were sequenced. Sequences of
given DNA vaccine and two boosters immunization both the clones were same and correct reading frame
were performed with recombinant protein vacciBe. The sequences were analyzed in PROTEAN
abortus S19 was given through intra-peritoneal route at programme of laser gene software. The predicted
dose rate 5 x TCcfu (colony forming unit) per animal. ~ protein structure and amino acid sequence was same
No booster immunization was performed in this group desired L7/L12 protein.
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Isolation of vaccine grade endotoxin free plasmid of immunization and it was increased up to 45 days
DNA and quantification immunization and maintained up to 60 days. Buteher
was a sharp increase in serum IgG level after 3@ da

Plasmid DNA was isolated in bulk by using standard of immunization in case of Group 3 and it was
kit. Plasmid was checked in agarose gel maintained at least up to 60 days of immunization.
electrophoresis. Further, the plasmid DNA was alsoNone of the animals inoculated with pVAX vector and
checked  for  purity  and  concentration PBS control showed anti-L7/L12 antibodies. Serum of
spectrophotometrically by recording OD at 260 and Groups 2 and 3 were pre-dominantly IlgG2a. Highlleve
280 nm. The purified DNA had the yield of aroun®40 of IgG2a was detected after 21 days of immunizaition
pg from 250 ml culture. The ratio of OD260/OD280 case of Group 2 and 30 days of post immunization in
was 1.8, indicating DNA preparations to be pure andcase of Group 3. But after 45 days of immunizattu
free from RNA and protein contaminations. level of I9G2a was higher in Group 3 than Groumd a

) o ] it was maintained at 60 days of post immunizatian.
Production and quantification of recombinant  rise in serum IgG1 level was observed at 21 days in
protein from pPRO: L7/L12 in bulk case of Group 2 but then it declined gradually. But

The culture was induced with IPTG when OD at 600 case of Group 3 the IgG1 level was very less.

nm reached 0.5. After 5 h induction the culture was |, g repeat experiment the titration of the serapas
pelleted and washed with PBS. Then the culture wasyf recombinant protein vaccinated mice were done in
lysed by Buffer ‘B’ (pH 8.0). The lysate was chedke g||SA. Brucella positive serum also has been &ulat

in SDS-PAGE. A distinct band was observed and thatafier 30 days of post immunization the titer was
band was absent in non-induced culture. After 1:32000 and maintained up to 60 days of post
checking polyhistidine tagged fusion protein was jjymunization. But the titer declined at 90 daystpos
purified under denaturing conditions by metal ctela  jnmunization. Only 1:16000 serum titer was detected

affinity chromatography (as per manufacturers after 90 days of immunization. Brucella positiveuse
protocol), with some modification introduced in the gi50 showed high titer (1:32000).

purification parameter. Different elutes were clestk

in SDS-PAGE. No non-specific band was found in the western blot analysis

purified protein when analyzed in SDS-PAGE. Pure

distinct single band at 22 kDa position was obsérve In western blot analysis recombinant L7/L12 protein
Then elutes were subjected to dialysis against PBSand Brucella sonicated antigen reacted to Group 2
Then the concentration of the purified dialyzedtgiro serum. After 14 days of immunization of Group 2 and
was estimated by protein-estimation kit. The after 30 days of immunization in case of Group 3
concentration of the protein was Oyfg/ul). The serum in a dilution of 1:1000 strongly reacted to
purified protein had the yield of around 4.5 mgnfro  Brucella antigen.Brucella positive serum in a dilution
500 ml of culture. Hence the recombinant clone hadof 1:1000 strongly reacted to L7/L12 recombinant

given high level of expression. protein. Serum collected from Group 2 at 90 days of
_ S post immunization strongly reacted to L7/L12
Humoral immune response studies in mice recombinant protein in 1:1000 dilution. None of the

_ _ sera collected from DNA vaccine alone (Group 1)
Detection of antibody by ELISA from collected serum  reacted in western blot. Also serum from the vector
samples (pVax) control and from the PBS control group dat n

. . ive any reaction in western blot.
The presence of serum immunoglobulin G (IgG), IgG1, 9 y

and 1gG2a isotypes with specificity to recombinant petection of cell mediated immune response

L7/L12 protein was determined by indirect ELISA.

The level of anti L7/L12 antibodies were measuned i | ymphocyte proliferation assay

pooled serum from the DNA vaccine alone (Group 1),

recombinant protein alone (Group 2), DNA vaccine Lymphocyte proliferation assay by MTT was
followed by protein boosting (Group 3), Vector amht  conducted at 3 different time intervals after
(Group 4) and PBS control (Group 5). Animals immunization. After first week, third week and $ixt
inoculated with DNA vaccine showed very low levels week of post immunization, mice were sacrificed and
of anti L7/L12 antibody. Recombinant protein vaecin their spleens were removed under aseptic conditions
group showed a sharp increase in IgG level at 3% da Splenocytes were separated by the method described
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earlier. Splenocytes were cultured with different Groups 1 and 3. Hence DNA vaccine followed by
stimulus and stimulation indices were measured byprotein boosting gave best proliferative response i
MTT colorometric assay. Splenocytes from none ef th comparison to DNA vaccine alone or recombinant
mice immunized with DNA vaccine (Group 1), protein alone.

recombinant protein (Group 2) had an increased

proliferative response to recombinant L7/L12 and Interferon-Gamma assay

sonicated antigen after 1 week of immunization. The )

splenocytes from the three experimental groups andFN-v assay by Opt EIA kit was conducted at 3
two control groups had very similar proliferative d'|fferent time |nter.vals after immunization. IF wdsne
response to the mitogen ConA throughout the Study_slmultaneously with Iymphogyte 'prollferatllon assay.
After 3rd week of immunization splenocytes from Splenocytes were cultured with different stimulusl a
Group 1, Groups 2 and 3 showed significantly higher thén supernatants were collected and assayed by
proliferation (P<0.001) than the control groups.aith ~ a@ntigen capture ELISA. The concentration of I
stimulated by recombinant protein antigen, the @sou the culture supernatants was calculated for each
1 and 2 showed stimulation indices 1.256+0.0197 andeXP?”me“ta| group using a linear regression equiati
1.147+0.0165 respectively.  Splenocytes  when obtained fr_om the absorbance values of_ the staeda_rd
stimulated by sonicated antigen the stimulatioicesl ~DNA vaccine (Group 1) and Recombinant protein
of Groups 1 and 2 were 1.230+0.0197 and (Group 2). did not show mcr.eased. Ie\(el of Ik¥N-
1.194+0.0162 respectively. But in comparison teeggh ~ concentration after 1 week of immunization. Aftét 3
the Group 3 showed highest stimulation index week ofllmmumzatlon, the entire vaCC|na§ed group
(1.277+0.0170) when stimulated withBrucella showed increased level of IFN-In comparison to
sonicated antigen. It was significantly higher (Rea)  other the Group 3 showed highest level of H-When
than the control groups. The control group did not Stimulated with sonicated antigen. IRNlevel was
show increased stimulation indices in any caségeeit s:rgnlflcantly higher (P<0.001) in Groups 1 and 8eaf
stimulated by recombinant protein oBrucdla 6" week of immunization. Group 3 s.howed h|ghest
sonicated antigen. Hence, Group 3 (DNA vaccine level of IFNy when stlmulated by s_onlcated antigen.
followed by protein boosting) showed highest None of the.contr(.)l mice showed increased level of
proliferative response and Group 2 (Recombinant!FN-y after stimulation.

protein group showed least increased proliferative __ . . . . .
response when they are stimulated by sonicatecEMIcacy of vaccine in generating protective
Brucella antigen. Proliferation level increased 'Mmunity againstB. abortus 544

. o . h
?r;g;ﬁlgggttli%nm G?SEUPg s:l-ho?/\r/lg d 3hiarf'1t§£t alrctjl(iefl((er;tfion Protection experiments were carried out by challeng
) P 9 P " vaccinated and control mice by intraperitoneal

Gro_up 3 splenocytes when st!mulatgd t_)y .Son'catedinjection of virulentB. abortus 544 and the level of
antigen the mean value of stimulation indices was.

S . infection was evaluated by determining the CFU in
1#2%938'101231'ar;rh?hevah£m\:é?s S;'g]mf'ca_rllﬂ)é hrlggzr: their spleens. The results indicate that Grouprou@s
gtimu.latio)n index of Group 3 spl%ngjcpy.tes in case of2 and 3 showed significantly higher (P<0.05)
recombinant protein stimulation was 1.524+0.0179. protection compared to the non-immuni;ed control
That was also significantly higher (P<0.001) thhatt group. To compare the extent to which mice could be

protected, Group 1 induced 1.204 log protection,
of C°“‘F°' value. When_ Groups 1 and 2 SIOIenOCytesGroup 2 induced 1.289 log protection, Group 3 iratlic
were stimulated by sonicated antigen the mean salue

; . S 1.427 log protection and the S19 strain induce®2.6
of _stimulation '“d'c‘?s were 1.3620.0283 .and log protection. No significant difference was found
1'27Qi0'0169 _respectlvely. In case of recomblr'ambetween groups injected with pVax vector and PBS.
protein stimulation the mean values were 1.34040603 DNA vaccine followed by protein boosting showed
and 1.215+0.0192 respectively. The highest

. ; . higher degree of protection against Brucella inect
proliferation was found in Group 3. Group 2 showed . . . .
least increased proliferation in comparison to @l Inroé??\?:éggz atlgn(?NA vaccine and recombinant
and 3. Significant difference also found in between P '
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Table 1: Mean OD values of L7/L12 specific IgG regmse of different experimental groups of mice in ELISA

S.No. Experimental 0 7 14 day 21 day 30 day 45 day 60 day
groups day day

1. DNA vaccine 0.254 0.243 0.276 0.319 0.304 0.439 0.424

2. Recombinant 0.235 0.602 0.672 1.652 2.187 2.540 2.469
protein

3. DNA vaccine 0.206 0.255 0.247 0.88 2.548 3.190 3.304
followed by
protein
boostering

4, Vector (pVax 0.178 0.219 0.220 0.295 0.417 0.381 0.337
control)

5. PBS control ~ 0.193 0.205 0.237 0.251 0.280 0.264 0.259

Each value represents the OD of pooled serum sampliave mice under same group

Table 2:Mean OD vales of L7/L12 specific immunogloltin isotype (IgG2a) antibody response of mice
vaccinated with recombinant L7/L12 protein alone ad DNA vaccine followed by protein boosting group by
ELISA

S.No. Group Experimental Oday 7day 1l4day 2l1day 30day 45day 60 day
No. groups

1. 2 Recombinant  0.144 0.415 0.473 1.279 1382 1.856 1.861
protein

2. 3 DNA vaccine 0.189 0.220 0.239 0.756 1.250 3.251  3.268
followed by
protein
boostering

Table 3: Mean OD values of L7/L12 specific IgG1 afithody response of mice vaccinated with recombinant
L7/L12 protein alone and DNA vaccine followed by potein boosting group by ELISA

S.No. Group Experimental Oday 7day 1l4day 2l1day 30day 45day 60 day
No. groups

1. 2 Recombinant  0.248 0.453 0.635 1.203 1.165 0.921 1.865
protein

2. 3 DNA vaccine 0.178 0.243 0.204 0.458 0.621 0.542 0.460
followed by
protein
boostering

Table 4: Mean OD values of L7/L12 specific IgG respnse of different dilution in different days interval of
post immunization with recombinant L7/L12 protein and Brucella infected serum

Dilution Brucella 14 day 21 day 30 day 45 day 60 day 90 day 0 day
positive
1000 1.3895 0.3285  0.775 1.5415 0.639 1.7145 1.5785 0.089
2000 1.096 0.181 0.4065 1.172 1.208 1.4565 0.998 0.07
4000 0.7395 0.096 0.2175 0.8395 0.855 1.158 0.6725  0.047
8000 0.4335 0.0855 0.122 0.521 0.519 0.7945 0.40 0.05
16000 0.25 0.066 0.076 0.284 0.301 0.4925 0.2325 0.046
32000 0.1445 0.0545 0.057 0.16 0.172 0.296 0.125 0528.
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Table 5:Detection of titer at different day intervds of post immunization with recombinant L7/L12 pratein

and Brucella infected serum

Days Titer
Brucella positive 32000
14 days 2000
21 days 8000
30 days 32000
45 days 32000
60 days 32000
90 days 16000
0 day <1000

Table 6: Antigenic specific blastogenic response eplenocytes of mice at 1 week of post vaccinatias
measured by MTT colorimetric assay

Experimental groups Number of animals

DNA vaccine 3
Recombinant protein 3
DNA vaccine followed 3
by protein boostering

Vector (pVax control) 3

Stimulation index+SE

Recombinant
antigen
1.07+0.0125%
0.955+0.0098
1.030+0.0106

0.961+0.0272

protein Sonicated antigen
1.058+0.0130
1.039+0.0122
0.932+0.0021%

0.998+0.008%

PBS control 3

0.973+0.0201

0.856+0.0104

®Denotes no significant different between the groups

Table 7:Lymphocyte proliferative response by MTT at3® week of post-immunization in mice

Experimental groups Number of animals

Stimulation index+SE

Recombinant

protein Sonicated antigen

antigen
DNA vaccine 4 1.256+0.0197 1.230+0.019%
Recombinant protein 4 1.147+0.0165 1.194+0.0162
DNA vaccine followed 4 1.242+0.0164 1.277+0.0170
by protein boostering
Vector (pVax control) 4 1.089+0.0175% 1.020+0.0197
PBS control 4 0.893+0.0185 1.018+0.0167

ab&\Means bearing different superscripts in a colunffedsignificantly (P<0.001)
Table 8: Lymphocyte proliferative response by MTT 4 6" week of post-immunization in mice

Experimental groups Number of animals

DNA vaccine 4
Recombinant protein 4
DNA vaccine followed 4
by protein boostering

Vector (pVax control) 4

Stimulation index+SE

Recombinant
antigen

1.340+0.0306
1.215+0.0192
1.524+0.0179

1.013+0.013

protein Sonicated antigen

1.362+0.0283
1.270+0.0169
1.609+0.0129

1.058+0.016%

PBS control 4

1.044+0.03%4

1.036+0.0358

abcheans bearing different superscripts in a colunffedsignificantly (P<0.001)
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Table 9: IFN-y levels measured by sandwich ELISA at 1 week of pesnmunization in mice

Experimental groups Number of animals

DNA vaccine

Concentration of IFN-y (ng/ml)+SE

Stimulated
recombinant
protein
0.31840.051%

by Stimulated
L7/L12 sonicated
protein

0.302+0.073H

by
Brucella

3
Recombinant protein 3 0.290+0.0322 0.317+0.0477
DNA vaccine followed 3 0.311+0.0656 0.325+0.080
by protein boostering
Vector (pVax control) 3 0.294+0.0248% 0.285+0.033
PBS control 3 0.288+0.0315 0.291+0.048

®No significant different between the groups

Table 10:IFN-y levels measured by sandwich ELISA at 3 weeks of sioimmunization in mice

Experimental groups Number of animals

DNA vaccine
Recombinant protein
DNA vaccine followed
by protein boostering
Vector (pVax control) 4

DD

Concentration of IFN-y (ng/ml)+SE

Stimulated
recombinant
protein
1.872+0.121
1.256+0.0347
1.760+0.260

0.302+0.0164

by Stimulated
L7/L12 recombinant
protein
2.196+0.248
1.488+0.0408
2.320+0.177

0.290+0.0248

by
L7/L12

PBS control 4

0.289+0.0217

0.311+0.0309

abcheans bearing different superscripts in a colunffedsignificantly (P<0.001)
Table 11: IFN-y levels measured by sandwich ELISA at 6 weeks of gisimmunization in mice

Experimental groups Number of animals

DNA vaccine 4
Recombinant protein 4
DNA vaccine followed 4
by protein boostering

Vector (pVax control) 4

Concentration of IFN-y (ng/ml)+SE

Stimulated
recombinant
protein
2.85+0.178
1.547+0.138
3.217+0.191

0.310+0.0583

L7/L12

by Stimulated
recombinant
protein
3.165+0.192
1.7940.14%
4.66+0.287

0.323+0.0626

by
L7/L12

PBS control 4

0.296+0.0335

0.308+0.0219

ab&\Means bearing different superscripts in a colunffedsignificantly (P<0.001)
Table 12:Protection conferred againsBrucella abortus 544 in mice after immunization with recombinant

protein and DNA vaccine after 30 days post challereg

Vaccine Log:o CFU of B. abortus 544 in  Logjeunits of protection
spleen (Mean+SE)

DNA vaccine 4.228+0.165 1.204

Recombinant protein 4.143+0.058 1.289

DNA vaccine followed by 4.005+0.207 1.427

protein boostering

Vector (pVax control) 2.81+0.471 2.622

PBS control 5.432+0.123 -

pVax 5.344+0.208 0.088

abcfieans bearing different superscripts in a colunffedsignificantly (P<0.05) as compared to contralues
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Discussion

In the present study protection experiments weresame doses and under the same conditions as the
carried out by challenging vaccinated and contrigem  subcutaneous inoculation did not lead to a sigaific

by intra-peritoneal infection of virulef. abortus S44, protective immune response [10]. Those results
and the level of infection was evaluated by detaing demonstrated a higher efficacy of the subcutaneous
the cfu in their spleens. Mice which were immunized route of administration and they were in agreement
with rL7/L12 protein induced 1.289 log protectionda  with the results obtained by Caabal. [19] and Maloy
mice vaccinated with S19, induced 2.622 log etal.[20].

protection. These results were significantly higher

(P<0.05) than that of vector control and PBS cdntro Conclusion

Among the recombinant antigens that have beendteste ]

previously so far, HtrA, GroEL, GroES, UvrA and In the pres_ent_study, _the_ lower antibody respofftez a
YajC induced cellular and humoral immune responsesPNA vaccine immunization could be due to the low
in mice, but only the L7/L12 [12,13] elicited some l€vel of antigen processing by exogenous pathway.
level of protection. So there is a agreement betviee ~ Group 2 and Group 3 showed high level of antibody
present work and previous studi&s.coli expressing ~ @Sponse up to 60 days of post immunization. Ireeréa
the Cu/Zn SOD also conferred a significant level of level of 19gG2a over 1gG1 indicated that the
protection (1.77 log units) [13]. Onage al. [13] also expe_rlmental vaccine given a_Thl type of response.
reported that the complete Cu/Zn SOD protein could Maximum splenocyte proliferative response and {FN-
induce a protective immune response in mice. Bat th evel has been observed in case of DNA vaccine

report was contradictory with the results of Tabata followed by protein boosting. Recombinant protein
and Pugh [14] who were unable to induce a protectiv Potentiated the effect of L7/L12 DNA vaccine toedit

adjuvants and purified recombinant Cu/zn SoOD followed Dby protein boosting gave higher level of

protein as the vaccine antigen, although some lefel Protection than DNA or protein alone. To overcome

protection was induced with synthetic peptideshef t ~ Silencing of the genes, in order to generate DNA

protein and adjuvant.DNA vaccination is a relagvel Vaccine that expresses for extended periods of, time

novel and powerful method of immunization DNA Protein boosting is necessary. S19 vaccination has

vaccination is a powerful method of immunizatioatth ~ 9iven highest protection level than that of other

induces strong cellular immune responses to a widevaccinated groups in the present study.

range of pathogens in many animal models for

different diseases [15]. In the present study DNA References
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