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Voltage dependent anion-selective channel 2 promotes interferon
response to inhibit foot-and-mouth disease virus replication
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Abstract: Foot-and-mouth disease (FMD) is a highly contagious disease caused by foot-and-mouth
disease virus (FMDV) in cloven-hoofed animals. FMDYV is a single-stranded positive-sense non-
enveloped RNA virus with icosahedral symmetry. FMDV can cause innate and adaptive immunity
of the host, and it has evolved a variety of immune escape ways. The FMDV infection is a
complicated process involving various host proteins. However, the related mechanisms remain
largely unknown. Voltage dependent anion-selective channel 2 (VDAC2) is a mitochondrial
channel protein, and the specific mechanism by which VDAC2 regulates FMDV replication
remains unclear. [Objective] To confirm the regulatory effects between VDAC2 and FMDV and
reveal the molecular mechanism by which VDAC2 inhibits FMDV replication. [Methods] The
subcellular localization of VDAC2 was determined by the indirect immunofluorescence assay. The
effects of FMDV on the translation and transcription levels of VDAC2 were determined by Western
blotting and qPCR, respectively. The effect of VDAC2 overexpression on FMDV replication in
BHK-21 cells was measured based on the virus titer. The effects of VDAC2 overexpression and
knockdown on the levels of IL-1B, ISG15, OAS1, mtDNA, and gDNA during FMDV infection
were evaluated by qPCR. [Results] VDAC2 was localized in the cytoplasm. FMDV infection
down-regulated the expression of VDAC2. The overexpression of VDAC2 inhibited FMDV
replication in a dose-dependent manner, while the knockdown of VDAC2 promoted FMDV
replication. The overexpression of VDAC2 enhanced FMDV-induced interferon-I (IFN-I) response,
while the knockdown of VDAC2 inhibited FMDV-induced IFN-I response. In addition, the
overexpression of VDAC?2 increased the release of mtDNA. [Conclusion] FMDV infection can
downregulate the transcription and translation of VDAC2, as VDAC2 can exert antiviral effects by
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regulating mtDNA release and promoting the expression of antiviral factors such as IL-1p, ISG15,
and OASI. This study indicates that upon FMDV infection, host cells can regulate the virus
replication by enhancing IFN-I response via VDAC2 to exert antiviral effects.

Keywords: foot-and-mouth disease virus (FMDYV); voltage dependent anion-selective channel 2

(VDAC?2); interferon (IFN) response
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Table 1 siRNAs targeting the VDAC2 gene

Name of Primer sequences (5'—3")

siRNAs

si-VDAC2-1 Sense: GGUUCAUCUAAUACAGACA
Antisense: UGUCUGUAUUAGAUGAACC

si-VDAC2-2  Sense: GAUCUUGACACUUCAGUAA

Antisense: UUACUGAAGUGUCAAGAUC

WA E R 80V, 1217 30 min, fF SDS loading
buffer &AL ST Lk HE I 2GS, B &
TR 120V, SRS T EEN, HEHM
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10 min, # /51 PBS ik, 7EROEKRMT, ff
FHROCIE R A AR T WSS IFHA A
1.7 SERTRFEEE PCR (qPCR)
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Table 2 The primers used in this study

Gene Primer sequences (5'—3")

FMDV Forward: TTCGGCCTTTGATGCTAACCACTG
Reverse: GCATCCCGCCCTAACAACAAT
Forward: TCAAGTCTTCTTACAAGAGGGA
Reverse: TCAAAGGTCATCTGGTACCCAG

IL-1B Forward: AGCGACATGGAGAAGCGATTT
Reverse: TTCTGCTTGAGAGGTGCTGATG

VDAC2

ISG15 Forward: GATCGGTGTGCCTGCCTTC
Reverse: CGTTGCTGCGACCCTTGT

OASI1 Forward: AAGCATCAGAAGCTTTGCATCTT
Reverse: CAGGCCTGGGTTTCTTGAGTT

GAPDH  Forward: ACATGGCCTCCAAGGAGTAAGA

Reverse: GATCGAGTTGGGGCTGTGACT

FIS2 I 2H 4> 9 L MOI=0.1 47 8-10 h 5, H
PBS ¥k 1 ¥k, AEFLIIA 300 uL &85 (I 17
ZURI , VK 2% 15 min, BEJSLL 12 000 r/min
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protein G, H] lysis buffer %E# 2 ¥X, 8 000 r/min
B0 30 s, B LIERIMA B LS, BEIA
0.4 uL cGAS k. 7 4 CHe IR SIMY LI HE
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50-100 ng EGFP ks, FIMARMFEEJKH beads,
P& HU b W PR A7 B AT gPCR S 5% o Al
mtDNA . gDNA (GAPDH)#l EGFP 5|¥y. HH,
EGFP {E N2, gDNA (GAPDH)Z /R &L DNA
i, mtDNA RIR BRI ALK DNA . £
gDNA & i — B IE & T, L mtDNA
1k
1.10 ZitZEoHh

Gt gh R4 DA meantSD Fon, AR S
AT 3 AW EEKE . i H GraphPad
Prism 8.0 #F47 ¢ K35 53T, XHERIIE Z A0 40
TSI, Hr: R P<0.05; **FIR
P<0.01; *** F J5 P<0.001; **** £ ;8 P<
0.000 1,
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Figure 1
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Jin, FMDV HYEE 17K F-Fl mRNA 7K i Z AL
(K 3A., 3B)o X W1 L3 25 17 3 g
TCIDs 45 3 .7~ 1 £ 5 VDAC2 GEf il FMDV
P, R R (B 3C).

The subcellular localization of VDAC2. A: Subcellular localization of HA-VDAC?2; B: DAPI staining

of the nucleus; C: Merge staining of the nucleus and cytoplasm.
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— B-actin EE

200
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Figure 2 FMDYV infection decreased the expression of endogenous VDAC2. A: VDAC?2 protein levels were
detected after FMDV infection; B: VDAC2 mRNA level was detected after FMDV infection. NC: Negative

control. *: Significant difference (P<0.05).
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Figure 3  Overexpression of VDAC2 suppressed FMDV replication. A: FMDV protein levels were detected in
VDAC?2 overexpressing cells after FMDV infection; B: FMDV VP1 mRNA levels were detected in VDAC2
overexpressing cells; C: Determination of viral titers using BHK-21 cells. *: P<0.05; **: P<0.01.
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Figure 4 Downregulation of VDAC2 expression promotes FMDYV replication. A: Detection of silence ratio of
VDAC?2 siRNA; B: FMDV protein levels were detected after downregulation of VDAC2 expression; C: FMDV
VP1 mRNA levels were detected after downregulation of VDAC2 expression; D: VDAC2 mRNA levels were
detected after downregulation of VDAC2 expression. NC: Negative control. *: P<0.05; ***: P<(0.001.
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Figure 5 Overexpression of VDAC2 promoted IFN-I response induced by FMDV. A: The mRNA level of IL-1f3
was detected by qPCR; B: The mRNA level of ISG15 was detected by qPCR; C: The mRNA level of OAS1 was

detected by gPCR. **: P<(.01; ****: P<0.000 1.
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Figure 6 Downregulation of VDAC?2 inhibited IFN-I response induced by FMDV. A: The mRNA level of IL-18
was detected by qPCR; B: The mRNA level of ISG15 was detected by qPCR; C: The mRNA level of OAS1 was

detected by qPCR. **: P<(.01; ****: P<0.000 1.
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Figure 7 Overexpression of VDAC2 promotes mtDNA release. A: Detection of mtDNA levels; B: Detection of
gDNA levels. ns: No significant difference (P>0.05); *: Significant difference (P<0.05).
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