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RESULTS
To obtain the recombinant protein in E. coli, we separately 
developed the Bm86 and Bm91 prokaryotic expression 
vector pET28a (Fig. 1).

The field collected R. microplus ticks specimens were 
used for total RNA prepared. Total RNA was used for the 
synthesis of cDNA, and the cDNA was used for R. microplus 
Bm86 gene and Bm91 gene amplification with gene-
specific primers. The gene fragments that were consistent 
with the desired fragment size were obtained (Fig. 2). 
The PCR amplicons were bi-directionally sequenced, 
the sequencing results confirmed the Bm 86 gene with 
1953 bp full open reading frame, encoding 650 aa and 
the Bm 91 gene with 1833 bp full open reading frame, 
encoding 610 aa, were obtained. The obtained Bm86 
gene sequences results were similar with B. microplus 
cell surface glycoprotein Bm86 (GenBank accession NO.: 
TCKBM86A), and the similarity was 99% (1926/1953). The 
obtained Bm91 gene sequences results were similar with 
Boophilus microplus angiotensin-converting enzyme-like 
protein (Bm91) (GenBank accession NO: BMU62809), and 
the similarity was 98% (1801/1833).

Primers with internal BamH I and EcoR I restriction sites were 
designed to amplify the cDNA of Bm86, and Primers with 
internal BamH I and Not I restriction sites were designed to 

amplify the cDNA of Bm91. The PCR product was subcloned 
into the BamHI-EcoR I sites of pET28a to produce a fusion 
protein with a His tag at the N terminus, which was named 
as pET28a-Bm86 (Fig. 3). The PCR product was subcloned 
into the BamH I-Not I sites of pET28a to produce a fusion 
protein with a His tag at the N terminus, which was named 
as pET28a-Bm91 (Fig. 3).

E. coli cells harboring recombinant plasmids were used 
to express and purify The R. microplus Bm86 and Bm91 
proteins. Bm86 contained a 650 amino acid, which was 
predicted as a 71.5 KDa polypeptide and Bm91 contained 
a 610 amino acid, which was predicted as a 67.1 KDa 
polypeptide were obtained (Fig. 4).

Fig 1. Construct maps of pET28a-Bm86 and pET28a-Bm91. Construct 
maps of pET28a-Bm86 (top) and pET28a-Bm91 (bottom). Arrows indicate 
the direction of transcription; PT7, T7 promoter; TT7, T7 terminator. The 
restriction enzymes used for cloning are indicated

Fig 2. R. microplus Bm86 gene and Bm91 gene PCR amplification. A- The 
R. microplus Bm86 (1953 bp) gene PCR amplification with gene-specific 
primers, B- The R. microplus and Bm91 (1833 bp) gene PCR amplification 
with gene-specific primers

Fig 3. pET28a, Bm86 gene and Bm91 gene double enzyme cutting 
results. The R. microplus Bm86 (1953 bp) gene double enzyme cutting 
use BamH I and EcoR I restriction sites and Bm91 (1833 bp) gene PCR 
amplification double enzyme cutting use BamH I and Not I restriction sites
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To further confirm the obtained proteins were the target 
proteins, the proteins were detected in the protein level 
with Western blot analyses (Fig. 5). 

Co-immunization DNA and protein vaccines boosts the 
immune effect, so we investigated the preparation of 
Bm86 and Bm91 recombinant mixed proteins and dual 
gene plasmid DNA Bm. To obtain the dual gene plasmid 
DNA Bm, we developed the double gene expression vector 
pVAX1-Bm-CpG (Fig. 6).

Primers with internal BamH I and Not I restriction sites were 
designed to amplify the cDNA of Bm. The PCR product 
was subcloned into the BamHI-Not I sites of pVAX1-CpG 
to produce a double gene expression vector, which was 
named as pVAX1-Bm-CpG (Fig. 7).

To further study whether the double gene Bm could 
express in mammalian cells. The double gene expression 
vector of Bm was performed cell transfection using HEK293 
cells. Total RNA was prepared from transfection cells and 
used for the synthesis of cDNA. The cDNA was used for PCR 
reaction with gene-specific primers P1 and P2. As shown  
in the Fig. 8, the target band can be detected, and the 
pVAX1-Bm-CpG is preserved to provide nucleic acid to 
immune animal.

DISCUSSION
Ticks rank second to mosquitoes, which are the pathogen 
carriers of human, livestock and wildlife diseases [2,40]. 
Rhipicephalus (Boophilus) microplus is the most influential 
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Fig 4. Bm86 and Bm91 recombinant protein SDS-PAGE electrophoresis 
detection. The R. microplus Bm86 protein (lane 1) and Bm91 protein 
(lane 2) SDS-PAGE electrophoresis detection. The arrow indicate the 
destination strip location. 5 µL protein was taken for electrophoresis, 
and the protein concentration of Bm86 and Bm91 were 0.98 mg/mL 
and 1.68 mg/mL, respectively

Fig 5. Bm86 and Bm91 recombinant protein SDS-PAGE Western blot 
detection. The R. microplus Bm86 protein (lane 1) and Bm91 protein 
(lane 2) SDS-PAGE electrophoresis detection. The arrow indicate the 
destination strip location. 5 µL protein was taken for Western blot, and 
the protein concentration of Bm86 and Bm91 were 0.98 mg/mL and 
1.68 mg/mL, respectively

Fig 6. Construct maps of pVAX1-Bm-CpG. Construct maps of pVAX1-Bm-
CpG. Arrows indicate the direction of transcription; PCMV, CMV promoter; 
TBGH, BGH terminator. The restriction enzymes used for cloning are 
indicated. CpG means CpG sequence and Kozak sequence GCCACC
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tick species affecting cattle in the world [41,42]. It is known 
for its aggressiveness and rapid replacement of other 
species of the same subgenus [8]. R. (B.) microplus tick is a 
harmful species for animal husbandry resulting in huge 
economic losses to farmers from tropical to subtropical 
regions [43]. At present, acaricides are no longer effective 
enough to control ticks alone on farms. The vaccine may 
provide a complementary treatment in a comprehensive 
pest management program [17]. The glycoprotein Bm86 is 
located in B. microplus tick midgut cells, and Bm91 located 
in the salivary gland and B midgut of B. microplus [25,44].

At present, the vaccines based on bm86 are used to 
immunize cattle in order to induce immunoglobulin. When 
ticks swallow blood, these antibodies, together with other 
components of the immune system, such as complement, 
can cause the cleavage of intestinal epithelial cells, causing 
ticks to die or damage [22,45]. If Bm86 and Bm91 antigens 
used in combination, the effects of their antibodies will act 
on different parts of R. (B.) microplus ticks, and cause more 
serious damage, further reduce the fertility rate of ticks and 
the frequency of acaricide and achieve the result of control 
ticks and tick-borne diseases. Facts have been proved that 
the addition of the Bm91 antigen indeed improves the 
efficacy of Bm86 vaccine alone [33]. In addition, the efficacy 
of the vaccination with Bm86 and the amino acid sequence 
variations in the Bm86 protein in challenges with R. 
microplus was negatively correlated [17,46]. Therefore, using 
local R. microplus ticks to prepare multi antigen vaccines 
may have an ideal effect on prevention and control of local 
ticks. 

Gene vaccine or DNA vaccine, which is encoded antigen 
DNA, has been evaluated as prophylactic vaccines and 
therapeutic treatments for the treatment of infectious 
diseases, allergies or cancer [28]. Studies have shown that 
pBMC2 DNA immunization potentially induces humoral 
and cellular immune responses against B. microplus [28]. 
But, using Bm86 antigen vaccines did not achieve an 
ideal effect on prevention and control of B. microplus in 
sheep, due to Bm86 antigen induces a protective immune 
response against B. microplus, and DNA vaccination did 
not result in sustained antibody production [47]. The effect 
of the B. microplus tick DNA vaccine and the double DNA 
vaccine of B. microplus tick immune bovine requires further 
verification. The combined use of different nucleic acid 
vaccines and recombinant protein vaccines immunization 
can enhance the humoral and cellular immune responses 
induced by DNA vaccine, such as raising antibody level,  
cell proliferation reaction, CTL activity and cytokine 
secretion, etc., so as to effectively improve the effect of the 
vaccine [48-50].

In addition, the expression vector of DNA vaccine is also 
important. The promoter strength of the expression vector 
is an important factor in determining the transcription 
efficiency, and the enhancer can promote the transcription 
ability of the promoter. PVAXl vector contains pCMV 
strong promoter and enhancer, which is an efficient new 
eukaryotic expression vector. Antigen gene expression 
unit and the CpG base motif adjuvant unit are two essential 
functional units of DNA vaccine. The CpG motif can induce 
the body to produce Thl immune response and increase 
the expression of costimulatory molecules [51]. In addition, 
in order to enhance the translation efficiency of eukaryotic 
genes, the kozak sequence (GCCACC) was increased at the 
front end of the antigen gene, which greatly improved the 
effect of DNA vaccine. 

This study successfully expressed the R. microplus Bm86 

Fig 7. Bm gene and pVAX1-CpG vector double enzyme cutting results. 
The double gene Bm (3800 bp) gene double enzyme cutting use BamH 
I and Not I restriction sites and pVAX1-CpG vector used the same double 
enzyme cutting to developed the double gene expression vector

Fig 8. Expressions of Bm gene were identified in transfected mammalian 
cells. The expressions of R. microplus Bm gene were detected in the RNA 
level with reverse transcription polymerase chain reaction. lane 1 and 2 
represent two repeats. The arrow indicate the destination strip location
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and Bm91 protein using the prokaryotic expression 
system, combined with the advantages of pVAXl and CpG, 
successfully constructed the Bm86 and Bm91 dual gene 
carrier pVAX1-Bm-CpG, which provided the material for 
the next step of Co-immunizing animals with Bm86 and 
Bm91 mixed proteins and Bm86 and Bm91 dual-gene 
carriers, and laid the foundation for the development 
of the new vaccine. At present, the research progress is 
proceeding smoothly with the design of this study. It is 
expected that the double gene nucleic acid vaccine and 
the mixed protein vaccine have a good effect or provide 
the research ideas for the future development of the anti-
tick vaccine.
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