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Abstract

Mycoplasma bovis is a significant pathogen in cattle that poses a serious threat to the sustainable
development of global animal husbandry. This pathogen is associated with a range of clinical manifestations,
including bovine respiratory syndrome, mastitis, and arthritis. These conditions not only result in stunted
growth and reduced production performance but can also lead to mortality, thereby inflicting substantial
economic losses on the livestock industry. The intensification and industrialization of the global cattle
industry have further heightened the risk of Mycoplasma bovis transmission. Despite its impact, there remain
considerable gaps in understanding the pathogenic mechanisms of this organism, and no effective vaccine
has been developed for its prevention and control. Consequently, investigating the pathogenic mechanisms
of Mycoplasma bovis and developing novel vaccines are of paramount importance. This study aims to
elucidate the pathogenic mechanisms of Mycoplasma bovis effector proteins and to develop new vaccines,
thereby providing a theoretical foundation and technical support for the prevention and control of the

associated diseases.

Object: (1) Isolation and characterization of Mycoplasma bovis strains from intensive cattle farms in
Shihezi, Xinjiang, aimed to delineate their molecular characteristics, including genomic features,
phylogenetic relationships, and antimicrobial susceptibility profiles. This research provides a scientific
foundation for developing clinical prevention and control strategies. (2) Elucidation of the molecular
mechanisms by which Mycoplasma bovis effector proteins, such as MbovP274 and ENO1, along with their
associated protein interaction networks, regulate host cellular processes focused on uncovering key
pathogenic pathways that drive infection and disease progression. (3) Systematic evaluation of conserved
recombinant antigens was conducted to address the critical gap in antigen screening for Mycoplasma bovis
vaccine development. This involved identifying protective candidate antigens, designing and constructing
novel multi-epitope fusion antigens, and assessing the protective efficacy of various vaccine formulations,

such as subunit and DNA vaccines, through preclinical models.

Methods: (1) The pathogen was isolated and purified using the solid-liquid alternation culture technique.
Molecular identification was conducted by amplifying the UvrC gene and 16S rRNA gene via polymerase
chain reaction (PCR). Metabolic characteristics were examined through a series of biochemical assays.
Antibiotic susceptibility was determined using the disk diffusion method. Genomic features and phylogenetic
relationships were elucidated through whole-genome sequencing and comparative genomic analysis. (2)
Recombinant plasmids encoding the effector proteins MbovP274 and ENO1 were constructed. To identify
interacting proteins, a GST-pulldown assay was performed and analyzed by mass spectrometry, followed by
confirmation through co-immunoprecipitation (CO-IP). Molecular docking was employed to pinpoint key

interaction residues. Functional implications were assessed through site-directed mutagenesis and small



interfering RNA (siRNA) interference. The expression levels of associated inflammatory factors and the
activation status of signaling pathways were quantitatively analyzed. (3) Based on comparative genomics
and extensive literature screening of antigen genes, recombinant expression strains were constructed, and
recombinant proteins were obtained through induced expression and purification. The protein concentration
was determined, and antigen specificity was verified. Immunogenicity was assessed by immunizing mice,
detecting serum IgG and its subclass levels, and measuring IFN-y secretion from splenic lymphocytes. (4) A
multi-epitope fusion antigen, MbovE3, was constructed, and its physicochemical properties and immune
simulation were analyzed. A prokaryotic expression system was utilized to prepare the subunit vaccine
rMbovE3, and its immunogenicity and protective efficacy were evaluated in mouse and New Zealand rabbit
models. (5) The baculovirus-insect cell expression system was utilized to prepare the multi-epitope fusion
protein MbovE3. This protein was combined with different adjuvants (ISA206, Quil-A) to formulate subunit
vaccines, which were then used to immunize animals for assessing immunogenicity and protective efficacy.
(6) A eukaryotic expression vector containing the multi-epitope fusion antigen gene MbovE3 and the
adjuvant gene GM-CSF was constructed. Subsequently, a DNA vaccine was prepared and administered to

immunize animals to evaluate its immunoprotective effects.

Results: (1) The Mycoplasma bovis strain XJO1 from Xinjiang Shihezi was successfully isolated and
identified. 16S rRNA sequence analysis revealed >99.9% homology with domestic prevalent strains (e.g.,
HBO0801, XBYO01, Ningxia-1) and 99.7% similarity with the international reference strain PG45. Whole-
genome sequencing showed that the XJO1 genome spans 1,023,741 bp with a GC content of 29.33%,
encoding 939 functional genes primarily enriched in translation, metabolism, and cellular processes.
Biochemical assays confirmed that XJO1 cannot hydrolyze arginine, urea, or ferment carbohydrates but
reduces triphenyl tetrazolium chloride, consistent with typical metabolic features of Mycoplasma bovis. (2)
For the first time, the Mycoplasma bovis effector protein MbovP274 was found to activate pyroptosis by
binding host albumin (Alb). GST-Pulldown coupled with mass spectrometry identified six interacting
proteins, and CO-IP validated the specific interaction between MbovP274 and Alb. Molecular docking
revealed that residues Asp-498, Lys-501, and Arg-504 of MbovP274 form a stable complex with Alb via
hydrogen bonds, salt bridges, and hydrophobic interactions. Functional studies demonstrated that MbovP274
overexpression significantly upregulated IL-1B, IL-18, and LDH levels, activating caspase-1 and the
GSDMD pyroptosis pathway. Alb silencing completely suppressed pyroptosis. (3) The Mycoplasma bovis
effector protein ENO1 was discovered to bind host ACTB, inducing aberrant glycolysis activation, elevated
ROS levels, and HIF-1o/IL-1p signaling. ACTB knockdown reversed metabolic dysregulation and inhibited
ROS production. Key ACTB residues (117Glu, 372Arg) formed stable complexes with ENO1, regulating
host metabolism and inflammation. The ENO1-ACTB axis integrates host metabolism, oxidative stress, and
inflammatory signaling. (4) Six recombinant proteins were successfully expressed. Immunization assays
revealed significantly elevated IgG levels and IFN-y secretion at 42 days post-immunization with MbovP274,
MbovP570, and ENO1. ENOI induced Thl-type responses, while MbovP274 triggered a dynamic Th2-to-
Thl shift. (5) A multi-epitope fusion antigen, MbovE3, targeting Mycoplasma bovis was constructed using



predicted epitopes of MbovP274, MbovP570, and ENO1. MbovE3 exhibited high stability and solubility.
Immunization with the subunit vaccine rMbovE3 elicited robust Th2-type humoral and cellular immunity,
significantly reducing lung pathogen load and pathology, outperforming traditional inactivated vaccines. (6)
A recombinant baculovirus-insect cell system expressing MbovE3 yielded high-purity protein. Both
MbovE3+ISA206 and MbovE3+Quil-A vaccines effectively suppressed nasal shedding and pulmonary
colonization of Mycoplasma bovis while mitigating lung pathology. ISA206 adjuvant enhanced
immunogenicity, elevating CD4+ T cell IFN-y secretion and late-phase IgG titers compared to Quil-A. (7)
DNA vaccines (DNA E3 and DNA E3+GM-CSF) were constructed by cloning MbovE3 and GM-CSF genes
into the pVAX1 vector. Both vaccines markedly inhibited Mycoplasma bovis colonization in nasal and lung
tissues, reduced pathogen load, and alleviated pathology. DNA E3+GM-CSF outperformed DNA E3 in
inducing [FN-y secretion by peripheral blood lymphocytes and late-phase IgG levels, demonstrating GM-

CSF as an effective adjuvant for enhancing immune responses.

Conclusion: (1) The Mycoplasma bovis XJO1 strain shows high conservation with prevalent strains in
China, and its genomic characteristics and metabolic properties provide crucial insights into genetic evolution
and regional prevention and control. (2) MbovP274 activates pyroptosis by hijacking the Alb-inflammasome
axis, revealing a key pathogenic mechanism through which Mycoplasma bovis regulates the host immune
response. (3) The metabolic reprogramming and inflammatory cascade mediated by the ENO1-ACTB
interaction present new targets for the targeted intervention of Mycoplasma bovis infection. (4) MbovP274,
MbovP570, and ENO1 demonstrate significant immunodominance, providing an experimental foundation
for the development of a multi-epitope vaccine against Mycoplasma bovis. (5) The subunit vaccines
(rtMbovE3, MbovE3+ISA206) and the DNA vaccine (DNA E3+GM-CSF) based on the multi-epitope antigen
MbovE3 have demonstrated high efficacy in immunoprotection, thereby laying a theoretical and technical

foundation for the development of vaccines against Mycoplasma bovis.

Key words: Mycoplasma bovis; Pyroptosis; Glycolysis; Vaccine; Multi-epitope fusion antigen
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