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Figure 7: Bovine toll-like receptors 4 and docking and Lig plot analysis of docked protein complex.
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Figure 8: Molecular dynamic simulation study of the construct and toll-like receptors (TLRs)-4, (a) representing the complex
protein used for simulation, analysis of (b) root mean square deviation, (c) root-mean-square fluctuation, and (d) radius of

gyration of TLR4 and the vaccine complex.

pore-lining helices located at amino acid positions
196-211, 460-477, and 493-508. The adjuvant domain
was entirely positioned within the extracellular region,
a configuration favorable for eliciting a protective
immune response. pGenTHREADER alignment was
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performed using 19 structural templates, yielding a net
score above 50 and a p < 0.

Tertiary structure validation
The tertiary structure of the MEV candidate
showed an overall model quality Z score of -7.54, with
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Figure 9: Optimized multi-epitope construct. (a) Relative codon frequency distribution of the optimized multi-epitope,
optimized sequence (red), and host (blue). A closer match signifies a more appropriate and optimized codon usage for the
host. (b) Electropherogram of PCR amplicons, L: 1 kb ladder, Lane 1, 3, 5, and 7: respective negative control; Lanes 2, 4, 6,
and 8: confirmation of recombinant lumpy skin disease virus (rLSDV) construct in the vector using vector-specific primer,
construct-specific primer, and combination of both (c) Western blotting. Lane L: molecular weight protein marker. Lane 1,
uninduced Escherichia coli as a negative control. Lane 2-9, induced E. coli having rLSDV protein.

local quality measures falling within the knowledge-
based energy range, consistent with previously
published models by Kar et al. [3] and Shahab et al. [9].

Interaction with TLRs

TLRs play a critical role in detecting conserved
microbial components. Hence, docking studies were
performed to assess interactions between the designed
vaccine candidate and TLRs. The docking and molecular
simulation results confirmed strong and stable binding.

CONCLUSION

In this study, a robust MEV candidate agai-nst LSDV
wasdeveloped usingacomprehensiveimmunoinformatic
approach targeting four highly immunogenic LSDV
proteins: P35, L1R, A33R, and A4L. The final construct,
comprising 514 amino acids with a molecular weight
of approximately 59 kDa, demonstrated favorable
physicochemical properties, including a high antigenicity
score (above the Vaxilen threshold of 0.4), good solubility
index (0.467), and a stable (pl = 9.680). Secondary and
tertiary structural predictions revealed a well-folded
and stable config-uration, free from disordered regions,
with three trans-membrane pore-lining helices and a
predominantly extracellular adjuvant domain. Tertiary
structure refinement yielded high-quality metrics,
including a Z-score of -7.54 and a GDT-HA of 0.88,
validating the stability and reliability of the model.

Molecular docking and simulation studies with
bovine TLR4 revealed a strong and stable interact-
ion, characterized by consistent RMSD and Rg values
throughout a 50-ns simulation. The eigenvalue from
normal mode analysis (8.72e-06) further supported
the structural rigidity of the docked complex.
Codon optimization improved translational efficiency
(CAI: 0.91), and successful expression in E. coli BL21 was
confirmed by SDS-PAGE and Western blot analysis.

The MEV candidate developed here offers a
promising alternative to conventional live-attenuated
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vaccines, which have demonstrated incomplete prot-
ection and a potential role in the emergence of hybrid
viruses. This subunit vaccine design offers a safer
and more targeted approach with minimal risk of
autoimmunity, a feature particularly relevant in regions
experiencing high mortality due to evolving LSDV strains.

One of the key strengths of this study lies in
the inclusion of both B-cell and T-cell epitopes from
multiple immunogenic proteins, which enhances the
breadth of immune coverage. The construct underwent
comprehensive in silico validation for structural integrity,
antigenicity, solubility, and safety. Screening for host
non-homology further reduces the risk of autoimmune
reactions. Codon optimization and expression validation
provide additional evidence of translational viability.

However, the study has limitations. Despite
extensive computational validation, the immunogenic
efficacy and safety profile of the construct must still
be confirmed through in vivo studies. The docking
simulations relied on human TLR templates due to
the unavailability of bovine crystal structures, which
may introduce minor deviations. Furthermore, the
possibility of immunodominance among multiple
epitopes could affect the vaccine’s performance in real-
world applications.

Future research should focus on evaluating the
in vivo immunogenicity and protective efficacy of the
vaccine in target livestock species. Additional studies
are needed to optimize the formulation and adjuvant
systems for practical field applications. Cross-protection
against various LSDV strains and long-term immune
memory assessments will also be critical for advancing
this candidate towards deployment.

In conclusion, this study presents a rationally
designed, highly stable, and immunologically potent
MEV candidate against LSDV. The integration of diverse
epitopes, along with robust structural validation and
successful expression, highlights its potential as a
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next-generation vaccine. With further experimental
validation and formulation development, this MEV con-
struct represents a viable option for effective control
and prevention of LSD in cattle.
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