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Abstract: Tuberculosis (TB) is a life threatening infectious disease which is prevalent throughout the world.
Mycobacterium bovis based Bacille Calmette—-Gue'rin (BCG) is the only vaccine available against TB however, this
(single) vaccine is not enough to eradicate it. Furthermore, numbers of researches from different parts of the World have
shown its efficacy as variable. Hence other (better) vaccines like DNA vaccines are needed in addition to BCG in order
to achieve desired goal of TB eradication. The current study was aimed to develop subunit based DNA vaccines against
TB and to check their efficacy. Two constructs Bfrb-pND14 and Mpt32-pND14 were made and used as DNA vaccines.
Endotoxin free DNA preparations were made and used in immunization studies. Twenty Balb/c female mice of age eight
weeks were used in trial. Two experimental groups each comprising eight animals were used to inoculate Mpt32-pND14
and Bfrb-pND14 vaccines respectively. A group of four animals was used as negative control. Animals were bled
through tail periodically and finally through cardiac puncture before euthanization. Antibodies were confirmed through
dot blot and Agar Gel Immuno Diffusion test (AGID). All the animals immunized with both vaccines were found
positive as tested through dot blot and AGID. The results of this study have indicated that both the M. th genes have
produced strong immune response in mice model through pND14 vector and proved themselves as good subunit based

DNA vaccines.
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INTRODUCTION

Tuberculosis (TB) is one of the major life threatening
global infectious disease that causes death. It is caused by
various strains of Mycobacterium tuberculosis (Ducati et
al., 2006). According to an estimate, one-third of the
world's population is carrier of TB bacteria, but only 10%
of them develop active TB. Although, this disease was
well managed and near to eradication in Europe and
North America but emergence of AIDS led to its re-born.
Since 1980s, this disease is on continuous rise and its
spread is most concentrated in Southeast Asia and sub-
Saharan Africa. At present, thell high-burden countries
include: Ethiopia, Cambodia, China, India, Pakistan,
Brazil, Myanmar, Philippines, Uganda, Viet Nam and
Zimbabwe (WHO Report 2015). The bacterium is inhaled
as airborne droplets generated by sneezing and coughing
of patients, and this disease usually affects respiratory
tract (Perkins et al., 2006).

Bacille Calmette-Gue'rin (BCG) is the only licensed
vaccine which provides highly variable protection against
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pulmonary TB (McShane, 2011). It was introduced a
century ago and still in use for immunizing people against
TB (Kallenius et al., 2007). However, a number of studies
have shown the inefficiency of BCG and least protection
against pulmonary TB. Over the last few years several
works have been started to introduce new vyet efficient
vaccines like DNA vaccines that may address the
problems especially in human and livestock industry
(Simth et al., 1999; Kristensen et al., 2000 and Johansen
et al., 2000). DNA vaccines have been successfully tried
against several other disease including influenza,
respiratory syncytial virus (RSV), corona virus, HIV,
Hepatitis, TB and many other diseases (Davis, et al.,
1996; Giri et al., 2004). DNA vaccines induce long term
immune response as compared to live-attenuated vaccines
and no risk of re-activation of microbe is associated (Xu
et al., 2014). DNA vaccines are based on state of the art
molecular biology techniques and antigen used are well
characterized. This novel approach holds the promise to
treat diseases like tuberculosis HIV, cancers and may
more. Furthermore, it is the cheapest and safe method of
vaccination (Chu et al., 2016).
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The present was study aimed to develop economically
feasible DNA vaccine against M.tb.

MATERIALS AND METHODS

Animal Ethic Statement

All experimental procedures employed during the conduct
of this study were approved by the University Ethical
Committee for Animals Welfare, University of Peshawar,
Khyber Pakhtunkhwa, Pakistan. At every stage all
possible measures were taken to protect animals to suffer
from side effects, by monitoring them daily.

Bfrb-pND14 and Mpt32-pND14 constructs

Bfrb-pND14 and Mpt32-pND14 clones were obtained
from the depository of Biochemistry and Molecular
Biology Lab, University College of Veterinary and
Animal Sciences, The Islamia University of Bahawalpuar,
Pakistan. The clones were streaked on ampicillin positive
LB agar plates and incubated for overnight at 37°C and
later transfer single colony from each plate to LB broth,
and kept the tubes at constant shaking of 250 rpm and
37°C for overnight.

Extraction of plasmid DNA

Plasmid DNA was extracted from each overnight grown
culture. The plasmid DNA was extracted by using EZ-10
Spin column Plasmid DNA MiniPreps Kit (cat# BS414)
and DNA was stored at -20°C. DNA was confirmed by
1% TAE agarose gel with 1kb DNA ladder (Cat# 11700,
NORGEN, Canada). Both the constructs were further
confirmed by restriction digestion. The enzymes Kpn |
and Pst | were used for confirmation of Mpt32-pND14
clone and enzymes EcoR1 for Bfrb-pND14 clones.

Endotoxin free plasmid DNA extraction

The confirmed DNA samples were subjected to endotoxin
free plasmid DNA extraction, by Genelet Endo-free
Plasmid Maxiprep kit (K0861) provided by Thermo
Scientific, USA. This protocol enabled to isolate
constructs on large scale and reduced endotoxin level up
to <0.1 EU/ug plasmid DNA. The extracted DNA was
quantified by spectrophotometer and stored at -20°C for
further use.

Animal trial

Specific pathogen free female Balb/c mice of age eight
weeks were obtained from animal house facility of faculty
of Pharmacy, The Islamia University of Bahawalpur.
Total twenty animals were used in study and further
divided into three groups. Two experimental groups
comprising eight animals and a group of four animals was
used as negative control (normal saline). The DNA was
injected through intramuscular (IM) and intradermal (ID)
routes. A total 125 pg plasmid DNA was injected in each

animal. Each animal was injected with 50 pg/leg DNA
through IM route and 25 pg at the base of tail through ID
route.

Post vaccination immune response

All animals were bled through tail before inoculations and
periodically at three weeks interval till nine weeks post
inoculations. Antibodies were confirmed through dot blot
and Agar Gel Immunodiffusion (AGID) Test. Finally, the
animals were bled through cardiac puncture before
euthenization.

Agar gel immunodiffusion test (AGID)

Agar plates were made by dissolving 1gram noble agar in
normal saline buffer (pH 7.2) and wells of 4mm diameter
were made by well cutter (Ouchterlony and Orjan, 1949).
The Mycobacterium tuberculosis lysate was added in
central well and antisera from vaccinated and control
animals were added in surrounding wells. Plates were
incubated at 37°C for overnight. Lines of precipitation
were seen and results were noted (fig. 2).

Dot blot analysis

Nitrocellulose (NC) paper of (0.45um) pore size was cut
into 2cm square pieces and labeled with ball point. A
sample of 2uL of bacterial lysate was taken and place in
center of each strip of NC paper. The dot was allowed to
dry and then soaked in blocking buffer for 1 h. Later the
membrane was washed thrice with wash buffer under
constant shaking condition. Again this membrane was
incubated for one hour with alkaline phosphatase
conjugated secondary Antibody. Now it was again
washed as indicated earlier. Then the membrane was
placed in substrate solution till the spots became visible.
After obtaining the required color of spots stop solution
was added in order to stop the reaction and incubated for
15 minutes. Now the membrane was washed with double
distilled water and allowed to dry and results were noted
(Cardona-Castro et al., 2011).

RESULTS

Confirmation of Mpt32-pND14&Bfrb-pND14 construct
Bfrb-pND14 and Mpt32-pND14 constructs  were
confirmed by PCR and later by restriction digestion. Fig.
1 represents the sizes of each construct. Restriction
enzyme Pst | was used to confirm Mpt32-pND14 clone
and EcoR | and Kpn | were used to confirm Bfrb-pND14
clone in separate reactions.

Confirmation of anti Mpt32 and Bfrb antibodies
through AGID

Serum antibodies from vaccinated animals were first
analyzed by Agar Gel Immuno Diffusion test (AGID) and
later by dot blot. Blood samples were collected from all
animals pre and post vaccination and sera were separated.
Mycobacterium tuberculosis (M. tb) whole cell lysate was
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used as an antigen and placed in middle well of agar
plates during AGID test. All the serum samples including
positive and negative controls were added in designated
surrounding wells (fig. 2). The plates were incubated at
37°C for overnight and results were obtained. According
to AGID results, all the vaccinated animals with Bfrb-
pND14 and Mpt32-pND14 were positive. Fig 2A & 2B
represents the results. The intensity and distance of line of
precipitation from serum wells represents the quantity of
antibody from each vaccinated animal. Although this is a
rough estimation but good enough to see the clear
difference from non-vaccinated animals (figs. 2A & 2B).
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Fig. 1. Extraction of Plasmid DNAs. Lane 1.
Confirmation of plasmid DNA (Mpt-pND14). Lane 2. 1
kb DNA ladder (Cat# 11700, NORGEN, Canada). Lane 3.
Confirmation of plasmid DNA (Bfrb-pND14).
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Fig. 2: Endotoxin free preparation of Plasmid DNA
(Mpt32-pND14&Bfrb-pND14).Lane 1. Plasmid DNA
Mpt32-pND14. Lane 2. Plasmid DNA Bfrb-pND14. Lane
3. 1kbDNA ladder (Cat# 11700, NORGEN, Canada).

Confirmation of anti Mpt32 and Bfrb antibodies
through dot blot

Anti Mpt32 and Bfrb antibodies were also confirmed
through dot blot. Fig 3A represents the results of Mpt32-
pND14 vaccinated group. The clear difference in color
intensity of dot 1 with other dots indicates the difference
in positive and negative reactions. Similar results were
obtained from Bfrb-pND14 vaccinated animals (fig. 3B).
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Fig. 3: Restriction digestion of Bfrb-pND14 construct.
Lane 1. Bfrb-pND14 digestion with EcoR1 enzyme. Lane
2. 1kb DNA marker (Cat# 11700, NORGEN, Canada).
Lane 3. Bfrb-pND14 plasmid DNA.
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Fig. 4: Restriction digestion of MPT32-pND14 construct.
Lane 1. 1kb DNA marker (Cat# 11700, NORGEN,
Canada). Lane 2.Mpt32-pND14 restriction digestion with
Pstl enzyme. Lane 3. Mpt32-pND14 digestion with Kpnl
enzyme.

Fig. 5: Testing of anti Mpt32 and Bfrb antibodies through
AGID test. A) Confirmation of anti Mpt32antibodies.
Central well. Lysed antigen. Well 1, 2 & 3. Sera tested
from Mpt32-pND14 vaccinated animals. Well 4. Positive
control serum. Well 5. Negative control serum.
B)Confirmation of anti Bfrbantibodies. Central well.
Lysed antigen. Well 1, 2 & 3. Sera tested from Bfrb-
pND14 vaccinated animals. Well 4. Positive control
serum. Well 5. Negative control serum.

DISCUSSION

Tuberculosis (TB) is a major global health problem. To
control TB is a difficult task and one of the major reason
is unavailability of good vaccine(s). BCG is the only
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licensed vaccine but its efficacy is greatly variable
throughout the world (McShane, 2011; Andersen and
Doherty, 2005). Practically no TB vaccine is available for
human and livestock since last hundred years. Advances
in mycobacterial genetics and genome sequencing have
highlighted the potential of some genes including cfp 10,
hspx, esaté, Ag85 A, B and C, Mpt32and Bfrb as a
candidate for DNA vaccine. Some of these genes are
already tested as DNA vaccines (Shahzad et al., 2013;
Gao et al., 2010) while others are in process to use.
According to results of this study, M. tb gene Mpt32 and
Bfrb were successfully amplified and cloned in
mammalian expression vector pND14 through standard
biotechnological procedures. The clones were confirmed
through restriction digestion and sequence analysis and
finally subjected to in vivo trial. All the vaccinated mice
found positive through dot blot and agar gel
immunodiffusion (AGID) test. The change in intensity of
color on nitrocellulose (NC) membrane and position and
intensity of line of precipitation in AGID test indirectly
tells about titer of antibody from vaccinated animals. Both
Mpt32 and Bfrb genes have produced strong humoral
immune response and proved themselves as a good
candidate for subunit based DNA vaccines. Liu et al.,
(2011) conducted similar work and confirm the clones of
Pro685A, pcD685A, Esaté and Ag85A through restriction
digestion with BamH | and EcoR I. Nakayama and Aruga
(2015) have suggested the use of plasmid based DNA
vaccines HIV, dengue fever, Ebola virus, malaria, TB and
viral influenza. According to them DNA vaccines hold
better potential to control these infections. Along with
DNA vaccines, efforts are made to develop rBCG
vaccines e.g. Sugawara et al. (2006) and Romano et al.,
(2006) have reported the use of rBCG in different animal
models and these vaccines have produced better immune
responses as compared to BCG. Many DNA vaccines are
used along with BCG e.g. Gu et al. (2016) used
combination of DNA and protein booster after BCG and
found good increase in immunogenicity of BCG. Similar
study was done by Oksanen et al. (2016), and they have
used combination of Ag85B, Esat6 and RpfE DNA
vaccines along with BCG and found better protection
from BCG. DNA vaccines are stable, well characterized,
consistent in their expression, does not need booster and
easy to produce, that’s why these vaccines hold the
promise to use in near future.
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Fig. 6: Testing of anti Mpt32 and Bfrb antibodies through
Dot Blot. A) Confirmation of anti Mpt32 antibody. Dot

1.Blot from negative control serum. Dot 2. Blot from
positive control serum. Dots 3-4. Blot from Mpt32-
pND14 inoculated group. B) Confirmation of anti Bfrb
antibody. 1) Positive control serum. 2) Negative control
serum. 3-4) sera tested from animals vaccinated with
Bfrb- pND14.

CONCLUSION

The results of this study show that both the genes have
good antigenic potential and they have induced strong
humoral immune response in mice model. By keeping in
view the potential of these antigens, DNA vaccines based
on these antigens alone or in combination of other DNA
vaccines or BCG can act as good therapeutic tool against
TB.

ACKNOWLEDGEMENTS

All the authors are thankful to the authorities of Faculty of
Pharmacy, The Islamia University of Bahawalpur,
Pakistan for providing animal house facility. Furthermore,
we are thankful to Dr. Asma, Head of Pathology Section,
Bahawal Victoria Hospital, Bahawalpur for providing
support in collection of M. th samples.

REFERENCES

Anderson P and Doherty MT (2005). The success and
failure of BCG-implications for a novel tuberculosis
vaccine. Nat. Rev. Microbiol., 3(8): 656-662.

Cardona-Castro N, Gotuzzo E, Rodriguez M and Guerra
H. 2011. Clinical Application of a Dot Blot Test for
Diagnosis of Enteric Fever Due to Salmonella
entericaSerovar Typhi in Patients with Typhoid Fever
from  Colombia and Peru. Clin. Vaccine
Immunol., 7(2): 312-313

Chu JS, Villarreal DO and Weiner DB (2016). DNA
Vaccines: A Strategy for Developing Novel
Multivalent TB Vaccines. Methods Mol. Biol,,
1403:355-361. doi: 10.1007/978-1-4939-3387-7_18.

Davis HL, Mccluskie MJ, Gerin JL and Purcello RH
(1996). DNA vaccine for hepatitis B: Evidence for
immunogenicity in chimpanzees and comparison with
other vaccines. Proc. Natl. Acad. Sci. USA., 93: 7213-
7218.

Ducati RG, Ruffino-Netto A, Basso LA and Santos DS
(2006). The resumption of consumption-a review on
tuberculosis. Mem Inst Oswaldo Cruz., 101(7): 697-
714.

Gao L, Zhou F, Li X and Jin Q (2010). HIV/TB co-
infection in mainland China: a meta-analysis. Plos
One., 5: 10736pp.

Giri M, Ugen KE and Weiner DB (2004).
Immunodeficiency Virus Type 1 in the Past Decade.
Clin. Microbiol. Rev. 17(2): 370-373.

2028

Pak. J. Pharm. Sci., Vol.30, No.5(Suppl), September 2017, pp.2025-2029



Gu D, Chen W, Mi Y, Gong X, Luo T and Bao L (2016).
The Mycobacterium bovis BCG prime-
Rv0577 DNA boost vaccination induces a durable Thl
immune response in mice. Acta Biochim Biophys Sin
(Shanghai)., 48(4):385-90. doi: 10.1093/abbs/gmw010.

Johansen P, Estevez F, Zurbriggen R, Merkle HP, Gluck
R, Corradinand G and Gander B (2000). Towards
clinical testing of asingle-administration tetanus
vaccine based on PLA/PLGAmicrospheres. Vaccine.,
19(9-10): 1047-1054.

Kallenius G, Pawlowski A, Brandtzea P and Svenson S
(2007). Should a new tuberculosis vaccine be
administered intranasally?. Tuberculosis Epub., 87(4):
257-266.

Kristensen 1, Aaby P and Jensen H (2000). Routine
vaccinations and child survival: follow up study in
Guinea-Bissau, West Africa. Brit. Med. J., 321: 1-8.

Liu MA (2011). DNA vaccins: an historical perspective
and view to the future. Immunol. Rev., 239: 62-84.

McShane H (2011). Tuberculosis vaccine: Beyond Bacilli
Calmate-Guerin. Phill Trans R Soc B., 366: 2782-2789.

Nakayama Y and Aruga A (2015). Comparison of Current
Regulatory Status for Gene-Based Vaccines in the
U.S., Europe and Japan. Vaccines (Basel), 3(1): 186-
202. doi: 10.3390/vaccines3010186.

Oksanen  KE, Myllymaki  H, Ahava  MJ, Makinen
L, Parikka M and R&met M (2016). DNA vaccination
boosts Bacillus Calmette-Guérin protection against
mycobacterial infection in zebrafish. Dev. Comp.
Immunol., 54(1): 89-96.doi: 10.1016/j.dci.2015.09.001.

Ouchterlony O (1949). Antigen-antibody reactions in
gels. Acta pathologica et microbiologica Scandinavica,
26 (4): 507-515.

Mirza Imran Shahzad et al.

Perkins MD, Roscigno G and Zulma A (2006). Progress
towards improved tuberculosis diagnostics for
developing countries. Lancet., 367: 942-943.

Romano M, Roupie V., Wang XM, Denis O, Jurion F,
Adnet P, Laali R and Huygen K (2006).
Immunogenicity and protective efficacy of tuberculosis
DNA vaccines combining mycolyl-transferase Ag85A
and phosphate transport receptor PstS-3. Immunol.,
118(3): 321-332.

Sambrook J and Russell DW (2001). Molecular cloning,
A laboratory manual, Cold spring Harbor Laboratory
press, Cold spring harbor, New York, USA.

Shahzad MI, Khan IH, Luciw PA, Gulfraz and Khanum A
(2013). Cloning, Expression and Genetic Immunization
Studies of Mycobacterium tuberculosis Gene esat6.
Pakistan J. Zool., 45(3): 749-757.

Smith DA, Parish T, Stoker NG and Bancroft GJ (2001).
Characterization of auxotrophic mutants of M.
tuberculosis and their potential as vaccine candidates.
Infect. Immun., 69: 1142-1150

Sugawara |, Udagawaa T and Taniyama T (2006).
Protective efficacy of recombinant (Ag85a) BCG
Tokyo with Ag85a peptide boosting against
Mycobacterium tuberculosis-infected guinea pigs in
comparison with that of DNA vaccine encoding Ag85a.
Tubercu., 87: 94-101.

World Health Organization (WHO) 2015. Global
Tuberculosis Report, 20™ Edition, pp.1-2.

Xu'Y, Yuen PW and Lam JKW (2014). Intranasal DNA
vaccine for protection against respiratory infectious
disease: The delivery perspectives. J. Pharmaceutics.,
6(10): 378-415.

Pak. J. Pharm. Sci., Vol.30, No.5(Suppl), September 2017, pp.2025-2029

2029



