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Abstract: The stability of virus-like particles (VLPs) is currently the main factor affecting the quality of foot-and-mouth
disease VLPs vaccines. In order to further improve the quality of the VLPs vaccine of foot-and-mouth disease (FMD), three
amino acid modification sites were designed and screened through kinetic analysis software, based on the three-dimensional
structure of FMDV. The three mutant recombinant plasmids were successfully prepared by the point mutation kit, transformed
into Escherichia coli strain BL21 and expressed in vitro. After purification by Ni ion chromatography column, SDS-PAGE
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proved that the three amino acid mutations did not affect the expression of the target protein. The results of the stability study
of three FMD mutant VL Ps obtained by in vitro assembly show that the introduction of internal hydrophobic side chain amino
acids made the morphology of VLPs more uniform (N4017W), and their stability was significantly improved compared to the
other two VLPs. The internal hydrophobic force of the capsid contributes to the formation of VLPs and helps to maintain the
stability of the capsid, providing new experimental ideas for improving the quality of VLPs vaccines, and helping to promote

the development of VLPs vaccines.

Keywords: viruslike particles, three-dimensional structure, mutant, stability, homology modeling, foot-and-mouth disease virus
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Tablel Primersof mutants

Primer name Sequence (5'-3')
WA4017F GGACTGGAAGCATTATCAAC
W4017R AGCCTGACTGGTTCTGTGA
R2165F GCAACCGCTACGACCAGTACAA
R2165R GGCCAACAAAGGGCACAGT
W1031F GGGTCTCGTTCATATTAGACAG
W1031R ACGTGTGTTGGCGTCTCT

Bold and underlined indicate the mutant bases in the primers.
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Fig. 1 Reconstruction of the three-dimensional
structure of FMDV protomer, the template (PDB:5DDJ)
and the reconstructed model are displayed by
superposition, and displayed in gray and red colour,
respectively.
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Table 2 The amino acid mutations of side chains
involved in stabilizing capsids

Mutant Energy VDW Electrostatic Eg(r)'?y Effect
D1031W -3.22 34 -2.16 0.55 Stable
N4017W —2.04 -3.46 -0.85 0.14 Stable
V2165R -1.49 -7.53 1.28 2.05 Stable
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Fig. 2 SDS-PAGE analysis of mutants. M: protein
molecular weight marker; lane 1: flow-through of mutant
N4017W; lane 2—4: elution of mutant N4017W; lane 5:
flow-through of mutant V2165R; lane 6-8: elution of
mutant V2165R; lane 9: flow-through of mutant D1031W;
lane 10-12: elution of mutant D1031W.
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Fig. 4 Purification and identification of VLPs. (A) 15%—45% sucrose density gradient ultracentrifugation and the peak
sample were identified by Western blotting. (B) Hydration diameter detection of the peak sample by DLS.
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Fig. 5 The peak samples after sucrose density gradient of mutant were observed by transmission electron microscope.

(A) N4017W. (B) V2165R. (C) D1031W. (D) wt VLPs.
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Fig. 6  Thermostability of assembly products of
mutants.
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Fig. 7 Hydration diameter of mutant VLPs at 4 °C.
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