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Abstract

Background Bovine Tuberculosis is a respiratory disease caused by the pathogen Mycobacterium bovis (M. bovis)
that infects cattle. Though rare, this disease can also affect humans, as well as domestic and wild animals, making it
a serious concern. Therefore, searching for alternative and new vaccines with high efficiency and safety is the main
goal in bovine tuberculosis prophylaxis. New vaccines, known as vector vaccines, have the potential to become safe
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and effective alternatives to the traditional BCG vaccine. In this study, two major immunodominant proteins of M.
bovis Esat-6 and TB10.4 were utilized to create a vector vaccine for bovine tuberculosis.

Methods The Esat-6 and TB10.4 genes were amplified by PCR. The amplified and purified PCR products were
sequenced by the Sanger method. Assembly and multiple alignments of amplicon nucleotides were carried

Result Two genes of the local strain 0078-M. bovis-8/RIBSP were sequenced. The nucleotide sequences were depos-
ited in the GenBank database. Comparative analysis of the nucleotide sequences of the ESAT-6 and TB10.4 genes
established 100% identity of the compared strains of Mycobacterium.

Conclusion Through the use of phylogenetic analysis, it has been confirmed that the amplified genes are related
to the mycobacteria genus. This discovery allows the development of a vector vaccine against bovine tuberculosis
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Background

Bovine tuberculosis is a disease that can be passed from
animals to humans under certain circumstances, such
as drinking raw milk or inhaling aerosolized droplets
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or dust particles. The cause of this disease is Mycobac-
terium bovis (M. bovis) [1, 2], a type of mycobacterium
that is closely related to Mycobacterium tuberculosis (M.
tuberculosis), a group of mycobacterium species that
cause human tuberculosis. These species are believed to
have originated from Mpycobacterium canettii (M. can-
ettii), which was first identified in 1979 [3]. The group
comprises seven related species adapted to various hosts,
including M. tuberculosis, M. bovis, M. africanum, M.
microti, M. caprae, M. canettii, and M. pinnipedii. These
related species can be seen as a series of ecotypes adapted
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to a particular host, rather than species that form part of
the strain line. A notable characteristic these ecotypes
share is the absence of a chromosome site. M. bovis is
the final ecotype in the evolutionary series related to M.
tuberculosis [4—6).

Studies suggest that the critical immunodominant pro-
teins of M. bovis are Esat-6 and TB10.4, which are utilized
in producing modified vector BCG vaccines. These pro-
teins are secreted by the type VII secretion export sys-
tem, with Esat-6 on EsxA and TB10.4 on EsxH. The loss
of RD1, an important region for virulence, is the primary
attenuation factor in BCG generation [7-9]. ESAT-6, or
Rv3875, is predominantly secreted during culture. M.
bovis is genetically similar to M. tuberculosis, the primary
cause of human tuberculosis, with a 99.95% nucleotide
level identity [10]. The secretion of ESAT-6 contributes to
numerous mycobacterial processes that promote patho-
genesis, such as suppressing T-cell IFN-y secretion and
inducing the death of host cells. Additionally, it forms
pores in mycobacteria-containing vacuoles’ membranes,
facilitating their entry into the cytosol by "slipping" from
the infected host cell. ESAT-6 promotes granuloma for-
mation by activating metalloproteinase-9 on adjacent
epithelial cells [11, 12]. It is a potent T-cell antigen, and
its immunological properties have been extensively stud-
ied in animal models. They are recognized as a visible
target in the early stages of M. tuberculosis or M. bovis
infections. While the EsxH system’s role is not fully
understood, it is known to participate in iron absorption.
Recently, researchers discovered a zinc-bonding site in
the TB10.4 protein, indicating its direct involvement in
zinc absorption [13]. TB10.4 elicits both CD4 and CD8
responses in humans and mice and has been included
in vaccines undergoing clinical trials. Despite their dif-
ferent functions in mycobacteria’s growth and virulence,
ESAT-6 and TB10.4 exhibit similar immunological char-
acteristics and are well-recognized in infected laboratory
animals and sick humans [14—16].

Currently, there is a significant focus on developing
vector vaccines and vaccines based on nucleic acids due
to their potential efficacy. Researchers have studied viral
vectors such as adenoviruses, poxviruses, and vesicu-
lar stomatitis viruses (VSV) as delivery systems for bTB
antigens. These vectors have proven effective in infect-
ing cells and eliciting an immune response against target
antigens. The main challenge in developing vector vac-
cines is selecting a safe and optimal vector and incorpo-
rating genes that will protect the recipient [17, 18]. The
latest discovery in this field is the use of attenuated influ-
enza viruses as vectors for delivering target bTB antigens.

Thus, this study aims to amplify the Esat-6 and TB10.4
genes of the local M. bovis strain and compare them
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phylogenetically to create effective vector vaccines
against bovine tuberculosis.

Methods

Mycobacteria and DNA extraction

The 0078-M. bovis-8/NIIPBB strain was received from
the RIBSP collection of microorganisms. The 0078-M.
bovis-8/RIBSP strain was isolated from infected cat-
tle through culturing in 2014. DNA extraction was
performed using a QIAamp DNA Mini Kit (Qiagen)
according to the manufacturer’s instructions. DNA
purity and quantity were verified using a mySPEC
(VWR) spectrophotometer based on optical density at
the wavelength of 260 nm and 280 nm (E260/E280).

Genes amplification

To run PCR, specific primers for Esat-6 and TB10.4
were designed using the Primer-BLAST online soft-
ware (http://www.ncbi.nlm.nih.gov/tools/primer-blast)
to produce 285 to 280 b.p. sized amplicons (for ESAT-6
and TB10.4, respectively). Primers were synthesized on
an automatic DNA/RNA oligonucleotide synthesizer
(Synthesizer H-16, K&A Laborgeraete, Germany) as per
manufacturer protocol [19]. Amplification of the Esat-6
and TB10.4 genes was using a reaction mixture in the
volume of 25 pL: Taqg DNA polymerase containing
MgCl, - 0.3 uL; 10X PCR buffer — 2.5 pL; specific prim-
ers (20 pM) — 1 pL of each; ANTP mixture (10 mM) — 1
pL; isolated DNA - 5 uL; and deionized water — 14.2
pL. We amplified nucleotides using the MiniAmp Ther-
mal Cycler (Applied Biosystems) under the following
conditions: 94 °C — 5 min, 94 °C — 1 min, 55/62 °C —
40 s, 72 °C — 1.30 min (35 cycles), and 72 °C — 7 min,
4 °C - cooling and storage for an indefinite amount of
time. The DNA amplicons underwent thorough exami-
nation using the horizontal electrophoresis equipment
(Sub Sell GT, BioRad). The resulting agarose gel was
captured by the Imaging System (GelDoc Go, BioRad)
for analysis.

Determining and analyzing nucleotide sequences

Samples for sequencing were prepared using the method
proposed by Ausubel et al. Following Senger’s method,
the sequencing test was performed on a BigDye® Ter-
minator v1.1 Cycle Sequencing Kit (Applied Biosystems,
USA) as per the manufacturer’s recommendations. As
per the manufacturer’s protocols, we sequenced DNA
in an ABI PRISM 310 Genetic Analyzer (Applied Bio-
systems, USA). We read the electrophoresis images in
the Sequencing Analysis Software (Applied Biosystems,
USA). The assembly and multiple alignments of amplicon
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sequences and built phylogenetic trees, and analyzed
nucleotide sequences were matches using the MEGA 11
software package. Comparative analysis was carried out
using the BLAST software, and homologous sequences
were searched in GenBank.

Results
Target gene amplification
Esat-6 and TB10.4 are widely used mycobacterium anti-
gens in vector and DNA vaccines. To amplify these genes,
specific primers were selected and synthesized. The char-
acteristics of synthesized primers are shown in Table 1.
The constructed primers fully cover the nucleotide
sequence of each gene—the TB10.4 and Esat-6 — and
have corresponding molecular weights: 280 and 285
b.p., respectively. The selected primers’ entry sites are
shown in Figs. 1 and 2. We used the primers to optimize
our PCR procedures by trying various concentrations of
some of the reaction mixture components because the
target DNA'’s quality and quantity depend on the reaction
mixture’s proper component concentration and the right
PCR temperature and time. Based on our work optimiz-
ing the time and temperature of PCR to amplify M. bovis
genes, we selected the optimal annealing temperatures,
which we established as 62 °C for Esat-6 and 55 °C for
TB10.4.

Comparative analysis of nucleotide sequences of the Esat-6
and Tb10.4 genes
After amplifying purified DNA of Esat-6 and TB10.4,
sequencing was performed and obtained sequences
were added to the GenBank database (ID OP610627,
OP610628). We performed a phylogenetic analysis to
establish the phylogenetic relationship of M. bovis based
on the Esat-6 and TB10.4 genes isolated from an archived
RIBSP M. bovis-8 strain with similar gene samples from
GenBank (Figs. 1 and 2).

In Fig. 1, we can see the nucleotide sequence of the
0078-M. bovis-8/RIBSP strain’s Esat-6 gene belongs to

Table 1 Characteristics of the selected primers
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the Mycobacterium family and forms a separate genetic
branch with the 10003447-5 M. tuberculosis strain
(CP072790) from GenBank.

Our comparative analysis of nucleotide sequences of
the TB10.4 gene of the Kazakhstan 0078-M.bovis-8/
RIBSP strain with the most closely related strain from
GenBank, namely, M. tuberculosis strain SGF0702019
(CP095023) has shown that the compared nucleotide
sequences are 100% identical with no substitutions in the
nucleotide sequence. It also provides evidence that the
0078-M. bovis-8/RIBSP strain belongs to the Mycobacte-
rium family and forms a separate genetic branch with the
M. tuberculosis strain SGF0702019 (CP095023) from the
GenBank database (Fig. 2).

Discussion

The spread of M. bovis constitutes one of the highest-pri-
ority problems, which leads to large losses in agricultural
animal populations [19].

The genomes of M. bovis and M. tuberculosis are more
than 99.95% identical at the nucleotide level [20]. Based
on the literature research, it has been discovered that
mycobacterial proteins ESAT-6 (early secret antigen tar-
get-6) and TB10.4 M.bovis exhibit potential antigenic
properties [10, 21, 22]. The ESAT-6 family comprises a
group of known antigens that are affected by M. bovis
deletions. The ESAT-6 protein was initially identified as
a potent T-cell antigen that is secreted by M. tuberculosis
[23]. Considering these characteristics, the TB10.4 and
ESAT-6 proteins are promising antigens for developing
candidate vaccines against bovine tuberculosis [22].

To develop a recombinant vaccine strain based on a
reassortant influenza A virus expressing the secretory
proteins Esat-6 and TB10.4 of the local strain of bovine
tuberculosis 0078-M. bovis-8/RIBSP, we have ampli-
fied DNA of the ESAT-6 and TB10.4 gene regions of
the Kazakh strain 0078-M. bovis-8/RIBSP. The result-
ing products were sequenced, and the resulting gene
sequences were deposited in the GenBank database

Proteins Genes Function

Primer name Primer sequences (5-3/)

Amplicon Agarose gel Electropherogram

size (b.p.)
TB10.4 esxH Early secretion protein  Tb10.4_FP CAGATGTCGCAAATCACAACTACCCCG 280 e T
M K- 5B
Tb10.4_RP CAGTTGGCGGCTTCGGCGTGTCG
Esat-6 esxA Early secretion protein Esat-6_FP TAGATGACAGAGCAGCAGTGGAATTTCGCG 285

GGTA

Esat-6_RP

AAGGAATTCTGCGAACATCCCAGTGACGT
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Fig. 1 Phylogenetic analysis of the Esat-6 of the strain 0078-M. bovis-8/RIBSP. A Sites of selected primers’entry during Esat-6 gene amplification.
B Phylogenetic tree for Esat-6 gene of the strain 0078-M. bovis-8/RIBSP. Phylogeny of the Esat-6 gene was inferred using the maximum complex
likelihood method in MEGAT1 1. Studied sequence marked with black dot, referenced sequence marked with a black triangle

under ID numbers OP610627 and OP610628. A phy-
logenetic analysis of the ESAT-6 and TB10.4 genes was
carried out to use them to create a vector vaccine against
a strain of tuberculosis isolated in Kazakhstan. Our
data show that, in terms of the ESAT-6 gene, it is clos-
est to 0078-M. The Bovis-8/RIBSP strain is M. tubercu-
losis 10003447-5 (ID: CP072790), isolated in the Jiangsu
region, China, from a human skin biopsy in 2019. When
aligning the nucleotide sequences of the two genes, there
were no differences and no nucleotide substitutions. The
similarity of the two sequences was 100%. According
to the TB10.4 gene, the NOOO4_M strain is the closest.

Tuberculosis (ID: CP069075) was isolated in India from
human sputum in 2010 between the TB10.4 sequences
and the reference strain N0004_M. tuberculosis (ID:
CP069075), no substitutions and differences in nucleo-
tides were detected, which shows 100% similarity of
gene regions. Studies of closely related strains provide
insight into the candidate genes or components that can
be used in vaccine development. The study focused on a
strain of bovine tuberculosis isolated in Kazakhstan. This
regional feature is advantageous as it provides insight
into the strains’ genetic characteristics and relatedness in
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Fig. 2 Phylogenetic analysis of the TB10.4 of the strain 0078-M. bovis-8/RIBSP. A Sites of selected primers'entry during TB10.4 gene amplification.
B Phylogenetic tree for Esat-6 gene of the strain 0078-M. bovis-8/RIBSP. Phylogeny of the TB10.4 gene was inferred using the maximum complex
likelihood method in MEGAT11. Studied sequence marked with black dot, referenced sequence marked with a black triangle

a particular geographic area, aiding disease development
and control.

A limitation of the study is the sample size, mean-
ing that only the ESAT-6 and TB10.4 genes of a single
strain of M. bovis were sequenced in the study. The data
obtained do not reflect the overall genetic diversity of
M. bovis strains in Kazakhstan or other regions. Phylo-
genetic analysis was based on identifying the ESAT-6
and TB10.4 genes of the M. bovis strain with a limited

number of reference strains [24]. A more extensive analy-
sis using many reference strains in different geographic
regions would better understand strain relationships and
assignments. Findings may not apply to other TB strains
or have broader implications beyond this strain detection
[25].

To highlight these limitations, future studies will
expand the sample size, including a broader range of ref-
erence strains, including whole-genome sequencing, and
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identify a comprehensive functional test to validate a vec-
tor vaccine against different tuberculosis strains.

Considering the promising results of live viral vectors,
an alternative strategy for developing safe and effective
vaccines for infectious diseases is using genetically modi-
fied vectors, i.e., non-pathogenic microorganisms (bacte-
ria and viruses) that express the agent’s antigens [26—28].
The main challenge in building vector vaccines is to select
an optimal and safe vector and insert genes that will pro-
tect the recipient [17].

The results of our study can be used in developing a
new vector vaccine candidate for bovine tuberculosis
through genetic manipulations, namely, reverse genetics
of RNA-containing viruses capable of expressing immu-
nodominant mycobacterial proteins Esat-6 and TB10.4 of
the M. bovis strain.

Conclusion

In this study, we acquired the nucleotide sequences of
the Esat-6 and TB10.4 genes in the local M. bovis strain.
Upon conducting a phylogenetic analysis of these genes,
we found they exhibit 100% similarity with the myco-
bacteria genus. This discovery paves the way for utilising
these genes to develop a vector vaccine against bovine
tuberculosis.
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