10
11

Foot-and-mouth disease virus-like particle mRNA vaccine induces strong

humoral and cellular immunity

Haiyun Liu'!, Yun Zhang', Suyu Mu!, Fengping Hou?, LiXin Jiang', Zi Wang', Hu Dong!, Muhammad
Muntazir Mehdi', Huichen Guo', and Shiqi Sun'”

! State Key Laboratory of Animal Disease Control and Prevention, Lanzhou Veterinary Research

Institute, Chinese Academy of Agricultural Sciences, Lanzhou, China.
2 College of Veterinary Medicine, Gansu agricultural University, Lanzhou, Gansu, China.
J Lanzhou Institute of Biological Products Co., Ltd., Lanzhou 730046, China

" Corresponding author at State Key Laboratory of Animal Disease Control and Prevention, Lanzhou
Veterinary Research Institute, Chinese Academy of Agricultural Sciences, Lanzhou, China; E-mail

address: sunshiqi@caas.cn (Shigi Sun).


mailto:guohuichen@caas.cn

12

13
14
15
16
17
18
19
20

21
22

23
24
25
26

(A) © S &
& F
2001777 size ——PDI 03 s 2
~ s & P
& & 5
_ A Y.
g 35kDa| - e
k)
& 25kDa -

,70
(\,Y'
N
) & §
Vol L
& 2
<
N
880kDa
- - 0
vp1 440kDa
- VP3 260kDa
180kDa
SDS-PAGE
66kDa
Native Gel

Fig. S1 Characterization of the FMDV VLP mRNA Vaccine. (A) The changes in particle size and
polydispersity index (PDI) of LNP-mP12A3C during storage at 4 °C were monitored over time; (B)
Denaturing agarose gel electrophoresis of LNP-mP12A3C stored at 4 °C for up to 26 weeks; (C)
Western blot analysis of LNP-mP12A3C stored at 4 °C for up to 26 weeks; (D): Denaturing and
non-denaturing western blot analyses confirmed that transfection with LNP-mP12A3C successfully
induced the expression of foot-and-mouth disease virus (FMDV)-specific structural proteins (VPO, VP1,

and VP3), as well as their corresponding large molecular aggregates.
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Fig. S2 Intracellular cytokine staining analysis of splenic lymphocytes from mice immunized with
FMD VLP mRNA vaccine. (A-D) Flow cytometry analysis of IFN-y-producing CD4"* (A) and CD8"
(C) T cells, and IL-2-producing CD4* (B) and CD8" (D) T cells.
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28 Fig. S3 The long-term antibody levels induced by FMDV VLP mRNA Vaccine. (A) Specific
29  antibody; (B) Neutralizing antibody titers.
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32 Fig. S4 Immunofluorescence analysis of muscle tissue at the injection site and inguinal lymph
33 node tissue in mice following immunization with FMD VLP mRNA vaccine. (A) Muscle tissue; (B)
34 Inguinal lymph node tissue.
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Fig. S5 Flow cytometry gating strategy. (A) Gating strategy for intracellular cytokine staining; (B)

Gating strategy for TEM and TCM; (C) Gating strategy for Tth; (D)Gating strategy for GCB.
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Fig. S6 Gating strategy for flow-cytometric analysis of memory T-cell subsets and raw dot plots
from individual mice in all experimental groups.

(A) Sequential gating strategy used to identify central memory T (Tcm, CD44*CD62L") and effector
memory T (Tem, CD44*CD62L") cell subsets; (B) Raw dot plots of CD44 versus CD62L within gated
CD4* T cells from individual mice in the LNP and LNP-mP12A3C groups; (C) Raw dot plots of CD44
versus CD62L within gated CD8" T cells from individual mice in the LNP and LNP-mP12A3C groups.

The percentages shown in the plots represent the frequencies of Tcm or Tem cells in each individual
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mouse and correspond directly to the animal-level data used for quantification in Figure 3.
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Fig. S7 Gating strategy for flow-cytometric analysis of germinal center B (GC B) cells and raw
dot plots from individual mice in all experimental groups.
(A) Sequential gating strategy used to identify GC B cells (FAS*GL7*) within gated CD19* B cells; (B)
Raw dot plots of FAS versus GL7 within gated CD3 CD19* cells from individual mice in the LNP and
LNP-mP12A3C groups. The percentages shown in the plots represent the frequencies of GC B cells in
each individual mouse and correspond directly to the animal-level data used for quantification in

Figure 3.
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Fig. S8 Gating strategy for flow-cytometric analysis of T follicular helper (Tfh) cells and raw dot
plots from individual mice in all experimental groups.

(A) Sequential gating strategy used to identify Tth cells (CXCR5'PD-1%) within gated CD3*CD4* T
cells; (B) Raw dot plots of CXCRS5 versus PD-1 within gated CD3*CD4" cells from individual mice in
the LNP and LNP-mP12A3C groups. The percentages shown in the plots represent the frequencies of
Tth cells in each individual mouse and correspond directly to the animal-level data used for

quantification in Figure 3.

The mRNA sequence of P12A3C(L127P) consists of the following elements:
5'UTR-P12A3C(L127P)-3'UTR—poly(A) tail.

TAATACGACTCACTATAATAAAAGATGGCGGATGTGTGACATACACGACGCCAAAAGATTTT
GTTCCAGCTCCTGCCACCTCCGCTACGCGAGAGATTAACCACCCACGACGGCCGCCAAAGT
GCTTGTTGATATTGAGGCTGACAGCCCATTCATCAAGTCTTAGCAGAAGGCATTTCCGTCGT
TCGAGGTGGAGTCATTGGAGGTGACACCAAATCACCATCCAAATCCCAGAGCATTTTCGCA
CCTGGGTACCAAATTGATCGAGCAGGAGACTGACAAAGACACACTCATCTTGGATCTAGTG
CCACCATGGGCGCCGGCCAGAGCAGCCCCGCCACCGGCTCCCAGAACCAGTCCGGCAACA
CCGGCTCCATCATCAACAACTACTACATGCAGCAGTACCAGAACTCCATGGACACCCAGCT
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GGGCAACAACGCCATCTCCGGCGGCTCCAACGAGGGCTCCACCGACACCACCTCCACCCA
CACCACCAACACCCAGAACAACGACTGGTTCTCCAAGCTGGCCTCCTCCGCCTTCTCCGGC
CTGTTCGGAGCCCTGCTGGCCGACAAAAAGACCGAGGAGACCACACTGCTGGAAGACAG
AATCCTGACCACCAGAAACGGACACACCACCTCCACAACCCAGTCCTCCGTGGGCATCAC
CCACGGCTACGCCACCGCCGAGGACTTCGTGAACGGCCCCAACACCTCCGGCCTGGAGAC
CAGGGTGGTGCAGGCCGAGCGGTTCTTCAAGACCCACCTGTTCGACTGGGTGACCTCCGA
CCCCTTCGGCCGGTACTACCTGCTGGAGCTGCCCACCGACCACAAGGGCGTGTACGGCAGC
CTGACCGACTCCTACGCCTACATGCGGAACGGCTGGGACGTGGAGGTGACCGCCGTGGGC
AACCAGTTCAACGGCGGCTGCCTGCTGGTGGCCATGGTGCCCGAGCTGTGCTCCATCGAGC
AGAGGGAGCTGTTCCAGCTGACCCTGTTCCCCCACCAGTTCATCAACCCCCGGACCAACAT
GACCGCCCACATCAAGGTGCCCTTCGTGGGCGTGAACAGGTACGACCAGTACAAGGTGCA
CAAGCCCTGGACCCTGGTGGTGATGGTGGTGGCCCCCCTGACCGTGAACACCGAGGGCGC
CCCCCAGATCAAGGTGTACGCCAACATCGCCCCCACCAACGTGCACGTGGCCGGCGAGTTC
CCCTCCAAGGAGGGCATCTTCCCCGTGGCCTGCTCCGACGGCTACGGCGGCCTGGTGACCA
CCGACCCCAAGACCGCCGACCCCGTGTACGGCAAGGTGTTCAACCCCCCCCGGAACATGC
TGCCCGGCAGGTTCACCAACCTGCTGGACGTGGCCGAGGCCTGCCCCACCTTCCTGCACTT
CGACGGCGACGTGCCCTACGTGACCACCAAGACCGACTCCGACCGGGTGCTGGCCCAGTT
CGACCTGTCCCTGGCCGCCAAGCACATGTCCAACACCTTCCTGGCCGGCCTGGCCCAGTAT
TACACCCAGTACTCCGGCACCGTGAACCTGCACTTCATGTTCACCGGCCCCACCGACGCCA
AGGCCCGGTACATGATCGCCTACGCCCCCCCCGGCATGGAGCCCCCCAAGACCCCCGAGGC
CGCCGCCCACTGCATCCACGCCGAGTGGGACACCGGCCTGAACTCCAAGTTCACCTTCAGC
ATCCCCTACCTGTCCGCCGCCGACTACGCCTACACCGCCTCCGACGCCGCCGAGACCACCA
ACGTGCAGGGCTGGGTGTGCCTGTTCCAGATCACCCACGGCAAGGCCGAGGGCGACGCCC
TGGTGGTGCTGGCCTCCGCCGGCAAGGACTTCGAGCTGCGGCTGCCCGTGGACGCCCGGC
AGCAGACCACCTCCACCGGCGAGTCCGCCGACCCCGTGACCGCCACCGTGGAGAACTACG
GCGGCGAGACCCAGGTGCAGCGACGGCACCACACCGACGTGTCCTTCATCCTGGACCGGT
TCGTGAAGGTGACCCCCAAGGACTCCATCAACGTGCTGGACCTGATGCAGACCCCCTCCCA
CACCCTGGTGGGCGCCCTGCTGCGGACCGCCACCTACTACTTCGCCGACCTGGAGGTGGCC
GTGAAGCACAAGGGCGACCTGACCTGGGTGCCCAACGGCGCCCCCGTGGCCGCCCTGGAC
AACACCACCAACCCCACCGCCTACCACAAGGCCCCCCTGACCCGGCTGGCCCTGCCCTACA
CCGCCCCCCACCGGGTGCTGGCCACCGTGTACAACGGCAAGTGCAAGTACGCCGAGGGCT
CCCTGCCCAACGTGCGGGGCGACCTGCAGGTGCTGGCCCAGAAGGCCGCCCGGLCCCCTGC
CCACCTCCTTCAACTACGGCGCCATCAAGGCCACCCGGGTGACCGAGCTGCTGTACCGGAT
GAAGCGGGCCGAGACCTACTGCCCCCGGCCCCTGCTGGCCGTGCACCCCTCCGLCCGCCCG
GCACAAGCAGAAGATCGTGGCCCCCGTGAAGCAGAGCCTGAACTTCGACCTGCTGAAGCT
GGCCGGCGACGTGGAGTCCAACCCCGGCCCCAGCGGCCGCAGLCGGLELeCceeeccGAccaA
CTTGCAGAAGATGGTCATGGGCAACACCAAGCCCGTGGAGCTCATACTCGACGGGAAGAC
CGTGGCCATCTGCTGCGCCACCGGCGTGTTCGGCACCGCCTACCTCGTGCCCCGGCACCTG
TTCGCCGAGAAGTACGACAAGATCATGTTGGACGGCAGGACCATGACCGACAGCGACTAC



122
123
124
125
126
127
128
129
130
131
132

AGGGTGTTCGAGTTCGAGATCAAGGTGAAGGGCCAGGACATGCTCTCCGACGCCGCGCTC
ATGGTGCTGCACCGGGGGAACCGCGTGAGGGACATCACGAAGCACTTCCGGGACACCGCC
AGGATGAAGAAGGGCACCCCCGTCGTGGGCGTGATCAACAACGCCGACGTCGGGAGGCTG
ATCTTCTCCGGCGAGGCCCTCACCTACAAGGACATCGTGGTGTGCATGGACGGCGACACCA
TGCCGGGCCTGTTCGCCTACAAGGCCGCCACCAAGGCCGGCTACTGCGGGGGCGCCGTCC
TGGCCAAGGACGGCGCCGACACCTTCATCGTGGGCACCCACTCCGCCGGCGGCAACGGCG
TGGGGTACTGCTCCTGCGTGTCCAGGTCCATGCTCCAGAAGATGAAGGCCCACATCGACCC
CGAGCCCCACCACGAGTAGCTCGAGGCGGCCGCAGGAGCTTAATTCGACGAATAATTGGAT
TTTTATTTTATTTTGCAATTGGTTTTTAATATTTCCAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAACCCC
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