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Fig. S1 Characterization of the FMDV VLP mRNA Vaccine. (A) The changes in particle size and13
polydispersity index (PDI) of LNP-mP12A3C during storage at 4 °C were monitored over time; (B)14
Denaturing agarose gel electrophoresis of LNP-mP12A3C stored at 4 °C for up to 26 weeks; (C)15
Western blot analysis of LNP-mP12A3C stored at 4 °C for up to 26 weeks; (D): Denaturing and16
non-denaturing western blot analyses confirmed that transfection with LNP-mP12A3C successfully17
induced the expression of foot-and-mouth disease virus (FMDV)-specific structural proteins (VP0, VP1,18
and VP3), as well as their corresponding large molecular aggregates.19
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Fig. S2 Intracellular cytokine staining analysis of splenic lymphocytes from mice immunized with22
FMD VLP mRNA vaccine. (A-D) Flow cytometry analysis of IFN-γ-producing CD4+ (A) and CD8+23
(C) T cells, and IL-2-producing CD4+ (B) and CD8+ (D) T cells.24
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Fig. S3 The long-term antibody levels induced by FMDV VLP mRNA Vaccine. (A) Specific28
antibody; (B) Neutralizing antibody titers.29
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Fig. S4 Immunofluorescence analysis of muscle tissue at the injection site and inguinal lymph32
node tissue in mice following immunization with FMD VLPmRNA vaccine. (A) Muscle tissue; (B)33
Inguinal lymph node tissue.34
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Fig. S5 Flow cytometry gating strategy. (A) Gating strategy for intracellular cytokine staining; (B)45

Gating strategy for TEM and TCM; (C) Gating strategy for Tfh; (D)Gating strategy for GCB.46
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Fig. S6 Gating strategy for flow-cytometric analysis of memory T-cell subsets and raw dot plots49
from individual mice in all experimental groups.50
(A) Sequential gating strategy used to identify central memory T (Tcm, CD44⁺CD62L⁺) and effector51
memory T (Tem, CD44⁺CD62L⁻) cell subsets; (B) Raw dot plots of CD44 versus CD62L within gated52
CD4⁺ T cells from individual mice in the LNP and LNP-mP12A3C groups; (C) Raw dot plots of CD4453
versus CD62L within gated CD8⁺ T cells from individual mice in the LNP and LNP-mP12A3C groups.54
The percentages shown in the plots represent the frequencies of Tcm or Tem cells in each individual55
mouse and correspond directly to the animal-level data used for quantification in Figure 3.56



57
Fig. S7 Gating strategy for flow-cytometric analysis of germinal center B (GC B) cells and raw58
dot plots from individual mice in all experimental groups.59
(A) Sequential gating strategy used to identify GC B cells (FAS⁺GL7⁺) within gated CD19⁺ B cells; (B)60
Raw dot plots of FAS versus GL7 within gated CD3⁻CD19⁺ cells from individual mice in the LNP and61
LNP-mP12A3C groups. The percentages shown in the plots represent the frequencies of GC B cells in62
each individual mouse and correspond directly to the animal-level data used for quantification in63
Figure 3.64



65
Fig. S8 Gating strategy for flow-cytometric analysis of T follicular helper (Tfh) cells and raw dot66
plots from individual mice in all experimental groups.67
(A) Sequential gating strategy used to identify Tfh cells (CXCR5⁺PD-1⁺) within gated CD3⁺CD4⁺ T68
cells; (B) Raw dot plots of CXCR5 versus PD-1 within gated CD3⁺CD4⁺ cells from individual mice in69
the LNP and LNP-mP12A3C groups. The percentages shown in the plots represent the frequencies of70
Tfh cells in each individual mouse and correspond directly to the animal-level data used for71
quantification in Figure 3.72
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The mRNA sequence of P12A3C(L127P) consists of the following elements:74

5′UTR–P12A3C(L127P)–3′UTR–poly(A) tail.75

TAATACGACTCACTATAATAAAAGATGGCGGATGTGTGACATACACGACGCCAAAAGATTTT76

GTTCCAGCTCCTGCCACCTCCGCTACGCGAGAGATTAACCACCCACGACGGCCGCCAAAGT77

GCTTGTTGATATTGAGGCTGACAGCCCATTCATCAAGTCTTAGCAGAAGGCATTTCCGTCGT78

TCGAGGTGGAGTCATTGGAGGTGACACCAAATCACCATCCAAATCCCAGAGCATTTTCGCA79

CCTGGGTACCAAATTGATCGAGCAGGAGACTGACAAAGACACACTCATCTTGGATCTAGTG80

CCACCATGGGCGCCGGCCAGAGCAGCCCCGCCACCGGCTCCCAGAACCAGTCCGGCAACA81

CCGGCTCCATCATCAACAACTACTACATGCAGCAGTACCAGAACTCCATGGACACCCAGCT82



GGGCAACAACGCCATCTCCGGCGGCTCCAACGAGGGCTCCACCGACACCACCTCCACCCA83

CACCACCAACACCCAGAACAACGACTGGTTCTCCAAGCTGGCCTCCTCCGCCTTCTCCGGC84

CTGTTCGGAGCCCTGCTGGCCGACAAAAAGACCGAGGAGACCACACTGCTGGAAGACAG85

AATCCTGACCACCAGAAACGGACACACCACCTCCACAACCCAGTCCTCCGTGGGCATCAC86

CCACGGCTACGCCACCGCCGAGGACTTCGTGAACGGCCCCAACACCTCCGGCCTGGAGAC87

CAGGGTGGTGCAGGCCGAGCGGTTCTTCAAGACCCACCTGTTCGACTGGGTGACCTCCGA88

CCCCTTCGGCCGGTACTACCTGCTGGAGCTGCCCACCGACCACAAGGGCGTGTACGGCAGC89

CTGACCGACTCCTACGCCTACATGCGGAACGGCTGGGACGTGGAGGTGACCGCCGTGGGC90

AACCAGTTCAACGGCGGCTGCCTGCTGGTGGCCATGGTGCCCGAGCTGTGCTCCATCGAGC91

AGAGGGAGCTGTTCCAGCTGACCCTGTTCCCCCACCAGTTCATCAACCCCCGGACCAACAT92

GACCGCCCACATCAAGGTGCCCTTCGTGGGCGTGAACAGGTACGACCAGTACAAGGTGCA93

CAAGCCCTGGACCCTGGTGGTGATGGTGGTGGCCCCCCTGACCGTGAACACCGAGGGCGC94

CCCCCAGATCAAGGTGTACGCCAACATCGCCCCCACCAACGTGCACGTGGCCGGCGAGTTC95

CCCTCCAAGGAGGGCATCTTCCCCGTGGCCTGCTCCGACGGCTACGGCGGCCTGGTGACCA96

CCGACCCCAAGACCGCCGACCCCGTGTACGGCAAGGTGTTCAACCCCCCCCGGAACATGC97

TGCCCGGCAGGTTCACCAACCTGCTGGACGTGGCCGAGGCCTGCCCCACCTTCCTGCACTT98

CGACGGCGACGTGCCCTACGTGACCACCAAGACCGACTCCGACCGGGTGCTGGCCCAGTT99

CGACCTGTCCCTGGCCGCCAAGCACATGTCCAACACCTTCCTGGCCGGCCTGGCCCAGTAT100

TACACCCAGTACTCCGGCACCGTGAACCTGCACTTCATGTTCACCGGCCCCACCGACGCCA101

AGGCCCGGTACATGATCGCCTACGCCCCCCCCGGCATGGAGCCCCCCAAGACCCCCGAGGC102

CGCCGCCCACTGCATCCACGCCGAGTGGGACACCGGCCTGAACTCCAAGTTCACCTTCAGC103

ATCCCCTACCTGTCCGCCGCCGACTACGCCTACACCGCCTCCGACGCCGCCGAGACCACCA104

ACGTGCAGGGCTGGGTGTGCCTGTTCCAGATCACCCACGGCAAGGCCGAGGGCGACGCCC105

TGGTGGTGCTGGCCTCCGCCGGCAAGGACTTCGAGCTGCGGCTGCCCGTGGACGCCCGGC106

AGCAGACCACCTCCACCGGCGAGTCCGCCGACCCCGTGACCGCCACCGTGGAGAACTACG107

GCGGCGAGACCCAGGTGCAGCGACGGCACCACACCGACGTGTCCTTCATCCTGGACCGGT108

TCGTGAAGGTGACCCCCAAGGACTCCATCAACGTGCTGGACCTGATGCAGACCCCCTCCCA109

CACCCTGGTGGGCGCCCTGCTGCGGACCGCCACCTACTACTTCGCCGACCTGGAGGTGGCC110

GTGAAGCACAAGGGCGACCTGACCTGGGTGCCCAACGGCGCCCCCGTGGCCGCCCTGGAC111

AACACCACCAACCCCACCGCCTACCACAAGGCCCCCCTGACCCGGCTGGCCCTGCCCTACA112

CCGCCCCCCACCGGGTGCTGGCCACCGTGTACAACGGCAAGTGCAAGTACGCCGAGGGCT113

CCCTGCCCAACGTGCGGGGCGACCTGCAGGTGCTGGCCCAGAAGGCCGCCCGGCCCCTGC114

CCACCTCCTTCAACTACGGCGCCATCAAGGCCACCCGGGTGACCGAGCTGCTGTACCGGAT115

GAAGCGGGCCGAGACCTACTGCCCCCGGCCCCTGCTGGCCGTGCACCCCTCCGCCGCCCG116

GCACAAGCAGAAGATCGTGGCCCCCGTGAAGCAGAGCCTGAACTTCGACCTGCTGAAGCT117

GGCCGGCGACGTGGAGTCCAACCCCGGCCCCAGCGGCCGCAGCGGCGCCCCCCCGACCGA118

CTTGCAGAAGATGGTCATGGGCAACACCAAGCCCGTGGAGCTCATACTCGACGGGAAGAC119

CGTGGCCATCTGCTGCGCCACCGGCGTGTTCGGCACCGCCTACCTCGTGCCCCGGCACCTG120

TTCGCCGAGAAGTACGACAAGATCATGTTGGACGGCAGGACCATGACCGACAGCGACTAC121



AGGGTGTTCGAGTTCGAGATCAAGGTGAAGGGCCAGGACATGCTCTCCGACGCCGCGCTC122

ATGGTGCTGCACCGGGGGAACCGCGTGAGGGACATCACGAAGCACTTCCGGGACACCGCC123

AGGATGAAGAAGGGCACCCCCGTCGTGGGCGTGATCAACAACGCCGACGTCGGGAGGCTG124

ATCTTCTCCGGCGAGGCCCTCACCTACAAGGACATCGTGGTGTGCATGGACGGCGACACCA125

TGCCGGGCCTGTTCGCCTACAAGGCCGCCACCAAGGCCGGCTACTGCGGGGGCGCCGTCC126

TGGCCAAGGACGGCGCCGACACCTTCATCGTGGGCACCCACTCCGCCGGCGGCAACGGCG127

TGGGGTACTGCTCCTGCGTGTCCAGGTCCATGCTCCAGAAGATGAAGGCCCACATCGACCC128

CGAGCCCCACCACGAGTAGCTCGAGGCGGCCGCAGGAGCTTAATTCGACGAATAATTGGAT129
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