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Abstract

Mycoplasma agalactiae is the primary etiological agent of contagious agalactia in small ruminants, a
disease that has been reported in several countries, including Iran. The microorganism's ability to persist
in chronic infections within herds results in substantial economic losses in the dairy industry. Recent
advances in bioinformatics tools for macromolecular analysis, combined with the availability of the
complete genome sequence of M. agalactiae, have enabled the systematic evaluation of diagnostically
relevant epitopes and the rational design of novel constructs for diagnostic applications. The objective
of the present study was to identify and evaluate epitopes with diagnostic potential and to design a multi-
epitope protein suitable for use in diagnostic assays. The open reading frames (ORFs) of M. agalactiae
were extracted using bioinformatics approaches. These ORFs were subsequently screened based on
cellular localization, species specificity, toxicity, allergenicity, immunogenicity, and membrane-
associated features to select appropriate candidate proteins for B-cell epitope prediction. The most
promising epitopes were then employed in the design of a diagnostic multi-epitope protein. In silico
analyses were performed to evaluate its structural and physicochemical properties, solubility, and
interaction with the host MHC class Il receptor. The results demonstrated that the bioinformatics
screening process led to the selection of 5 ORFs and, ultimately, 7 B-cell epitopes exhibiting high
immunogenicity, non-toxic and non-allergenic, and suitable specificity for M. agalactiae. Furthermore,
the designed multi-epitope protein exhibited favorable structural stability, adequate solubility, and
strong predicted interactions with the MHC class Il receptor of goat immune cells. Overall, these
findings suggest that the epitopes have significant potential for use in diagnostic assays and represent
promising candidates for subsequent experimental validation of M. agalactiae infection.
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Introduction

Mycoplasma agalactiae is recognized as the primary etiological agent of contagious agalactia, a significant
infectious disease affecting small ruminants, particularly sheep and goats. The disease has been reported in
numerous countries, including Iran, and remains a major concern for livestock health and dairy production systems.
Infection with M. agalactiae is associated with significant economic losses due to decreased milk production,
veterinary intervention costs, reduced animal productivity, and the long-term persistence of infection within affected
herds. A notable characteristic of M. agalactiae is its capacity to establish chronic and subclinical infections.
Infected animals may serve as long-term carriers, contributing to continuous transmission within herds. This
persistence complicates control and eradication strategies, highlighting the necessity for reliable, sensitive, and
specific diagnostic tools capable of detecting infection at various stages. Conventional diagnostic approaches,
including microbiological culture and serological assays, may be limited by their sensitivity, specificity, or time
requirements, emphasizing the need for improved diagnostic strategies based on well-defined antigenic
determinants.

Advances in bioinformatics and immunoinformatics have provided powerful tools for antigen discovery and rational
diagnostic design. The availability of the complete genome sequence of M. agalactiae enables the systematic
evaluation of its open reading frames (ORFs) to identify proteins with diagnostic potential. Computational screening
approaches allow for the prediction of immunogenic, non-toxic, and species-specific epitopes, thereby accelerating
the development of recombinant diagnostic constructs. In particular, multi-epitope proteins, constructed by
combining selected immunodominant epitopes into a single sequence, offer a promising platform for enhancing
diagnostic performance while maintaining specificity.

The present study aimed to identify B-cell epitopes with diagnostic potential from the M. agalactiae genome and to
design a multi-epitope protein suitable for use in diagnostic assays. Using a comprehensive in silico screening
pipeline, candidate proteins were selected, epitopes were predicted and evaluated, and the resulting multi-epitope
construct was analyzed in terms of its structural, physicochemical, and immunological properties.

Materials & Methods

A systematic bioinformatics approach was used to identify suitable antigenic targets from the complete proteome
of M. agalactiae. Initially, all ORFs were extracted from the genomic dataset and subjected to a multi-step screening
process, based on predefined criteria, to select targets with diagnostic relevance and safety. The first screening step
involved the prediction of subcellular localization. Proteins predicted to be surface-exposed, membrane-associated,
or secreted were prioritized, as these proteins are more accessible to the host immune system and are more likely to
induce antibody responses detectable in serological assays. Computational localization tool, PSORT, was used to
classify proteins according to their predicted cellular compartments.

Subsequently, species-specificity analysis was conducted to reduce potential cross-reactivity with other
microorganisms, particularly closely related Mycoplasma species. The Basic Local Alignment Search Tool (BLAST)
was used to exclude proteins with high homology to non-target organisms. This step was critical for enhancing the
specificity of the potential diagnostic construct. Candidate proteins were further evaluated for predicted toxicity and
allergenicity using established bioinformatics servers. Only proteins classified as non-toxic and non-allergenic were
retained for further investigation. Subsequently, immunogenicity prediction was performed to assess the potential
of the selected proteins to elicit a humoral immune response. Proteins exhibiting favorable antigenicity scores were
selected for detailed B-cell epitope prediction.

Predicted linear B-cell epitopes were ranked according to their antigenicity, specificity, and overall suitability for
diagnostic applications. The most promising epitopes were selected for inclusion in a multi-epitope construct. The
selected epitopes were assembled into a single recombinant sequence using appropriate linker peptides to maintain
structural independence and enhance epitope exposure. The final multi-epitope protein sequence was subjected to
structural and physicochemical characterization. Secondary structure prediction was performed to evaluate the
distribution of structural elements, while tertiary structure modeling provided insight into the three-dimensional
conformation and overall stability of the construct.

Physicochemical properties, including molecular weight, theoretical isoelectric point (pl), instability index, aliphatic
index, and grand average of hydropathicity (GRAVY), were analyzed to determine the stability and suitability of
the construct for recombinant expression. Solubility prediction tools were used to estimate the likelihood of
successful expression in a heterologous host system. Finally, molecular docking analysis was performed to evaluate
the interaction between the designed multi-epitope protein and the major histocompatibility complex (MHC) class
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Il receptor of goat immune cells. This analysis was conducted to assess the potential immunological recognition of
the construct and its relevance for diagnostic purposes.

Discussion of Results & Conclusions

The proteome-wide screening of M. agalactiae identified five ORFs that presented all predefined selection criteria,
including appropriate cellular localization, species specificity, non-toxicity, non-allergenicity, and predicted
immunogenicity. These ORFs were considered suitable candidates for detailed epitope mapping. B-cell epitope
prediction on the selected proteins identified seven linear epitopes with high antigenicity and favorable
immunological properties. All selected epitopes demonstrated specificity to M. agalactiae, reducing the likelihood
of cross-reactivity in diagnostic applications. Additionally, the predicted epitopes exhibited physicochemical
characteristics consistent with antibody accessibility and immune recognition. The seven selected epitopes were
successfully integrated into a rationally designed multi-epitope protein construct. Structural analysis indicated that
the designed protein exhibited a stable secondary structure composition and a plausible tertiary conformation.

Physicochemical analysis revealed that the multi-epitope construct possessed an acceptable molecular weight of 22
kDa, compatible with recombinant expression. The instability index suggested structural stability, while the
aliphatic index indicated potential thermostability. The GRAVY score (35.25) reflected a hydrophilic nature,
suggesting favorable solubility characteristics. Solubility index of approximately 0.8 further supported the
feasibility of expressing the construct in a suitable host system. Molecular docking analysis demonstrated strong
predicted interactions between the multi-epitope construct and the goat MHC class Il receptor with docking score
of -297.76 and confidence score of 0.95. The predicted binding profile suggested stable complex formation,
supporting the potential immunological relevance of the construct and its applicability in serological diagnostic
assays.

The present study demonstrates the applicability of an integrative immunoinformatics approach for the identification
and design of diagnostically relevant antigenic determinants in M. agalactiae. Through systematic proteome
screening and multi-parameter filtering, five candidate ORFs were identified and subsequently used for B-cell
epitope mapping. The identification of seven highly antigenic, non-toxic, and non-allergenic epitopes highlights the
effectiveness of the selection strategy. The design of a multi-epitope construct incorporating these selected epitopes
represents a rational strategy for enhancing diagnostic sensitivity and specificity. By combining multiple antigenic
regions into a single recombinant protein, the likelihood of detecting specific antibody responses may be increased
while minimizing cross-reactivity through careful epitope selection. The favorable structural stability, predicted
solubility, and strong interaction with goat MHC class Il receptors collectively support the feasibility of recombinant
production and immunological recognition of the construct. These properties are essential for the development of
reliable serological diagnostic assays targeting contagious agalactia. Although the findings are based on in silico
analyses, the comprehensive computational validation provides a solid foundation for subsequent experimental
investigation. Future studies should focus on recombinant expression, purification, and empirical evaluation of the
designed multi-epitope protein using sera from infected and non-infected animals to determine diagnostic
performance.

In conclusion, the identified epitopes and the designed multi-epitope construct exhibit significant potential as
candidates for the development of improved diagnostic assays for M. agalactiae infection. The study underscores
the value of genome-based bioinformatics strategies in accelerating diagnostic innovation for economically
important infectious diseases in small ruminants.
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Table 1. Selected B-cell Epitopes

VaxiJen

Epitope Sequence Score Score Allergenicity Toxicity
HSEALEAIYSHVPGLKVIMP 1.00 0.74 Non Allergen Non Toxic
Linear Epitopes
Predicted via AASCGDKYFKETEVDGVKTI 0.95 0.80 Non Allergen  Non Toxic
SVMTriP
YNSLAAKLASKKITDKYKRE 0.91 0.99 Non Allergen Non Toxic
TFADIAQKSFKNSAAQNSRLH 0.77 0.68 Non Allergen Non Toxic
Dislgoptinuous TADVTIPLPVLEKQ 0.73 0.73 Non Allergen Non Toxic
pitopes
Ellipro KKYLT
EDAGFEGGVFRATEGLOKKYGDQR 0.66 0.70 Non Allergen Non Toxic

VWDSPISEGG
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