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Abstract

Objective: FMDYV is an important pathogen harmful to animal husbandry, encoding 4 structural
proteins and 8 non structural proteins. The completion of FMDV life cycle depends on the host protein,
while the host limiting factor inhibits the replication and transmission of the virus through a variety of
mechanisms. In the early stage of this study, viral protein was used as bait protein, and a batch of candidate
host factors were screened by immunoprecipitation mass spectrometry (IP-MA). The host plasmid library
was constructed, and the host factors RPL35 and STINGI that significantly inhibit FMDV replication were
screened by virus infection experiment. Therefore, this project will focus on two aspects: how the host
restriction factor can inhibit virus replication by targeting viral protein and how the virus can escape the
antiviral effect of the host restriction factor.

1. RPL35 mediated antiviral effect and FMDV escape effect

Methods: (1) CO-IP and indirect immunofluorescence were used to verify the interaction and co
localization of RPL35 and FMDV VP2. (2) RT-qPCR, virus titer (TCIDso) and Western blotting were used
to analyze the effect of overexpression or knockdown of RPL35 on FMDYV replication. (3) RT-qPCR was
used to detect the effects of RPL35 on FMDYV adsorption, internalization, translation, RNA synthesis,
assembly and release. (4) Drug inhibitors MG132, NH4Cl and z-VAD-FMK were used to screen the
pathway of RPL35 degrading VP2 and the type of VP2 ubiquitination. (5) VP2 mutants (K2R K3R. K63R.
K88R. K159R. K172R. K175R. K198R and K217R) were constructed by site directed mutagenesis PCR,
and the key sites of VP2 ubiquitination were detected. (6) The amino acid sequences of seven serotypes of
foot-and-mouth disease virus VP2 were compared by using megalign. (7) The K217R mutant virus
(rVP2-k217R) was constructed by reverse genetics technology, and its pathogenicity to suckling mice was
detected. (8) The E3 ubiquitin ligase recruited by RPL35 was screened by ip-ms. the effect of E3 ubiquitin
ligase on RPL35 mediated VP2 protein and ubiquitination was detected. (9) Indirect immunofluorescence
was used to screen viral proteins and nucleocytoplasmic transporters that inhibit the nuclear translocation
of RPL35.

Results: (1) CO-IP and indirect immunofluorescence showed that RPL35 interacted with FMDV VP2
and Co located in the cytoplasm. (2) Overexpression or knockdown of RPL35 confirmed that RPL35
significantly inhibited FMDYV replication. (3) RPL35 inhibits viral RNA synthesis, assembly and release. (4)
RPL35 significantly inhibited the protein expression of VP2 through proteasome pathway, and promoted
the polyubiquitination of K48 link in VP2. (5) VP2 K217R mutation weakens the ubiquitination of VP2 by



RPL35. (6) The amino acid sequences of seven serotypes of foot-and-mouth disease virus VP2 were
analyzed by megalign. It was found that the Lysine residue at position 217 was conserved. (7) IP-MS
screened that RPL35 recruited E3 ubiquitin ligase AMFR. After knockdown of AMFR, VP2 protein
degradation and ubiquitination were weakened. (8) The K217R mutant virus (rVP2-K217R) was
constructed by reverse genetics technology. The lethal rate of the mutant virus was significantly higher than
that of the parent virus in suckling mice. The rVP2-K217R infection exacerbated lung pathological damage
such as alveolar atrophy, indicating that K217 site is the key target of RPL35 mediated antiviral effect.(9)
Through indirect immunofluorescence and co-immunoprecipitation (CO-IP), it was confirmed that FMDV
degrades KPNA3 via 2B and L, blocks the nuclear translocation of RPL35, and thereby evades the antiviral
effect mediated by RPL35.

Conclusion: RPL35 promotes the ubiquitination and degradation of VP2 by recruiting AMFR, and
negatively regulates FMDYV replication; However, FMDV can inhibit the nuclear translocation of RPL35
by degrading KPNA3 to escape the host antiviral response.

2. The anti-FMDYV replication mechanism of STING1 and its role in viral escape

Methods: (1) RT-qPCR, virus titer (TCIDso) and Western blotting were used to analyze the effect of
overexpression or knockdown of STINGlon FMDYV replication. (2) Interferon deficient cells (BHK-21 and
ibrs-2), IRF3 knockdown, TBK1 knockdown, IFNAR1 and perk knockdown were used to detect the effect
of overexpression of STING1 on virus replication. (3) RT-qPCR, virus titer (TCIDso) and Western blotting
were used to detect the effect of STINGI1 stabilizer SB24011 on the replication cycle of FMDV. (4)
RT-qPCR, virus titer (TCIDso) and Western blotting were used to detect the antiviral effect of STINGI
stabilizer SB24011 on small RNA virus SVA, EV71 and EMCV. (5) Animal experiments were conducted to
detect the pathogenicity of FMDV in mice treated with SB24011. (6) RT-qPCR and Western blotting were
used to detect the effect of FMDYV infection on STINGI. (7) Drug inhibitors MG132, NH4Cl, z-VAD-FMK
were used to screen the pathway of 3C and 2B degrading STINGI. (8) Co-immunoprecipitation (CO-IP)
was used to verify the interaction between STINGI and its enzyme activity mutants and 3C. (9) The
degradation effect of 3C from other Picornaviridae viruses on STINGI1. (10) Use AlphaFold3 to predict the
protein interaction structure model between the 3C model of Picornaviridae and STING1.

Results: (1) STING1 also significantly inhibited FMDYV replication. (2) This experiment demonstrates
that, unlike the known antiviral role of STINGI1 through innate immunity, our study found that STINGI
inhibits FMDV replication in an interferon-independent manner. In interferon-deficient BHK-21 and
IBRS-2 cells, as well as in PK-15 cells with knocked-out or knocked-down IRF3, TBK1, IFNARI, and
PERK, STINGI still retains antiviral activity. (3) It was found that STINGI stabilizer SB24011 could
enhance the expression of STING1 and inhibit FMDV replication, and this effect occurred in IRES

dependent translation stage. (4) Experiments showed that the drug SB24011 also had broad-spectrum



antiviral activity against SVA, EV71, EMCV and other viruses. (5) The challenge test in mice confirmed
that SB24011 treatment significantly reduced FMDYV induced tissue damage. (6) Western blot analysis of
virus infected IBRS-2 cells showed that FMDV infection down regulated the expression of STINGI.
Further studies showed that the 3C protease of foot-and-mouth disease virus degraded STING1 through its
enzyme activity, while the 2B protein of foot-and-mouth disease virus inhibited STINGI1 at the mRNA
level. (7) 3C degradation of STING1 is independent of proteasome, autophagy lysosome and apoptosis
pathways. (8) STINGI can interact with enzyme activity mutants (Flag-3C-H46Y, Flag-3C-D84N and
Fag-3C-C163G). (9) The 3C encoded by PV, EV71, Cox and FMDV can degrade STING1. (10) Structural
analysis showed that the 3C proteins of different small RNA viruses (including Cox 3C, EV71 3C, FMDV
3C, PV 3C and SVA 3C) were all bound to the same domain of STINGI. This result showed that the small
RNA virus may have evolved a conservative mechanism by targeting the same key site of STING1 through
its 3C protease, so as to implement immune escape.

Conclusion: STINGI does not depend on interferon pathway to inhibit FMDYV replication. STING1
stabilizer SB24011 can effectively inhibit FMDV replication through viral translation. On the contrary,
FMDV infection inhibits the expression of STINGI protein, and FMDV 3C protease cooperatively down
regulates the expression of STINGI at the transcriptional level through the dual escape mechanism of
enzymatic activity and 2B protein.

Key words: FMDV; RPL35; STING1; VP2; 3C; 2B
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