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FMDV: Background

® FMDV is an aphthovirus of the
family Picornaviridae. It is highly

contagious and has a high

mutation rate, leading to extensive Maria Gullberg et al. JGV

genetic variation. s .
Structural proteins ' Non-structural proteins
® The RNA virus genome of FMDV .L 1 T
muul 2A28 2C [3A 3C| 3D [|=——A,

displays a very high mutation rate
because the virus-encoded RNA

'

polymerase lacks a proofreading Pt

Pentamer (12S)
12 copies

mechanism.

-
P

Empty capsid (75S)
Virion (146S)
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Outlines of prevention and control of FMD

Vaccination

Restriction of slaughter of infected

animal and or suspected infected
animal products animals
movement

Serological and
etiological surveillance.

Compulsively inoculated with vaccine combined with slaughtering in China
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FMD Etiology and Immunity Team

Epidemiology
« FMD virus (FMDV) Isolation
 FMDYV evolution and distribution study
 Identifying risk factors for FMD
Pathogenic mechanism
» Host tropism of FMDV

« The virulence and antigenic variation of FMDV
* The suppressive role of FMDV on host immune system

Establishment of vaccine development
platform

* Vaccine development

» Vaccine process development and manufacture
FMD vaccines have been developed:

I. FMD O/May-98 inactivated vaccine

I1. FMD O-Asial-A trivalent inactivated vaccine
I11. FMD DNA vaccine

Two of the developed Vaccines were recommended
by WOAH/FAO for FMD control.

Prof. Dr.

Zixiang Zhu

Email:
zhuzixiang@caas.cn




Changes in host range are central to virus emergence

® Tropism of a virus pertains to the
types of cells, tissues, and animal
species in which it can replicate.

Influenza A viruses

cccccc

® Because various replication steps of
viruses require host proteins, the
expression levels of such host
proteins in a cell affect tropism.

Influenza D viruses

Camel

Goat
Sheep

® This explains why most pathogens
are only capable of infecting a
limited range of host organisms. Suresh V. Kuchipudi et al, Vet SCI



Alteration of host tropism of FMDV
e ———————————————————————————————————

(1) Historical question : Cattle OMII strain, Taiwan
97 Cathay topotype strains (PK region includes a 43- or

86-nt deletion);

(2) Current question: PanAsia lineage FMDV (PK
region includes an 86-nt deletion).

Q/Y *
altered virulence of FMDV in Taiwan, China.

os ¢ o
o\ Why all Cathay strains include same PK
,5

l
3A is a previously reported determinant of

region deletion?



A PanAsia lineage FMDV strain O/GD/CHA/2015

r O/VIT/123/2011-Buffalo

O/VIT/63/2011-Swine

(— O/CHA/7/2011-Cattle

- O/VIT/56/2011-Buffalo
O/VIT/24/2012-Swine
O/NVIT/2800NCVDF1202/2012-Swine
ONIT/32/2012-Cattle
ONIT/30/2012-Cattle

VIT/32/2011-Cattle

— O/VN/QT7/2013-Cattle

O/GDICHA/2015-Swine A

SNN/Q 512013 Catlle

r O/VIT/11965/2013-Swine

Type O, PanAsia

i Akesu/58-Cattle
OMIll-Swine J

r O/VIT/14146/2013-Cattle

FMDV

O/VIT/64124/2013-Swine
0O/S15KOR/2002-Swine
O/S13KOR/2002-Swine
O/YS/CHA/05-Swine
O/SKR/2000-Cattle
BR/KOR/2000-Cattle
TAW/2/99TC-Cattle
China/1/99 Tibet -Cattle
Tibet/CHA/99-Cattle =
O/TAW/83/97-Swine

Type O, Cathay

O/SKR/JC/2014-Swine 1
O/BY/CHA/2010-Swine

O/DY/CHA/2010-Swine
O/GZ/CHA/2010-Cattle
O/NC/CHA/2010-Swine J

A/GDMM/CHA/2013-Swine
TypeA

Type O, Mya-98

L A/HUBWH/CHA/2009-Cattle
i As1/Gansu/China/2005-Cattle

Sequence Mame

-HEN T
B4 consensus
6 Sequences

-CH

0-CHA-7-2011-PanAsia-Cattle seq
0-¥YS-CHA-05-PanAsia-Swine seq
China-1-99-(Tibet)-PanAsia-Caftle seq
TAW-2-99.TC-PanAsia-Cattle seq
Tibet-CHA-99-PanAsia-Cattle seq

T Jrsveasian
L As1/Beijing/China/2005-Cattle

< Pos =402

AAGTTTT

I N I N . N ]
I ACCGCCTTTCCCGGCGTTAAAGGGAGGTAACCACAAGCTTGCAACTGTCTTGCT CGACGATAAAGGGCT GTGACCGCAAGAT GAT

PCCGCCTTTCCCGGCGTTAATTGGA

410 420 430 450 470 480 490

500 510 5

AAGTTTT
AAGTTTT
AAGTTTT
AAGTTTT
AAGTTTT
AAGTTTT

[ACCGCCTTTCCCGGCGTTAAAGGGAGGCAACCACAAGCTT GCAACTGTCTTGCT CGACGATAAAGGGCT GT GACCGCAAGAT GAT
ACCGCCTTTCCCAGCGTTAAAGGGAGGTAACCACAAGCTTGCGTCTGTCTTGCT CCGACCGATAAAGGGCT GTGACCGCAAGAT GAT
ACCGTCGTTCCCGGCGTTAAAGGGAGGTAACCACAAGCTTGCAACTGTCTTGCT CGACGATAAAGGGCT GT GACCGCAAGAT GAT
[ACCGCCTTTCCCGGCGTTAAAGGGAGGTAACCACGAGCTT GCAACTGTCTTGCCCGACGATAAAGGGY T GT GAYY GCAAGAT GAT
[ACCGCCTTTCCCGGCGTTAAAGGGAGGTAACCACAAGCTT GCAACTGTCTTGCT CCGACGATAAAGGGCT GTGACCGCAAGAT GAT

ECCGCCTTTCCCGGCGTTAAAT GGA
NCCGCCTTTCCCGGCGTTAATTGGA
NCCGCCTTTCCCGGCGTTAATTGGA
NCCGCCTTTCCCGGCGTTAATTGGA
NCCGCCTTTCCCGGCGTTAATTGGA
NCCGCCTTTCCCGGCGTTAATTGGA
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Alignment of the 5° UTR Sequences

3 Mgl - (76TOTALFMOV-SUTH algrmart megl
e

<Posz a1

| e—
AGTTTTTACCGTCTTTCCCGG CGTTAAAGGGGAGGTAACCACAAGCTTGCAACCGTCTTGCCCGACGTTAAAGGGCTG TAACCGCAAGCTT GTACCGCCTTT CCCGGCGTTAACGGGATGTAACCACAAGATGAACCTTCACCCGGAAGTA
420

. |HQB32769-MAY-7-2001-Cattle.seq
HQB32770-MAY-1-2004-Cattle.seq
HQE32772-MAY-7-2007-Cattle.seq
KF112879-TAI-22-2009-Swine.seq

KF112889-HKN15-2010-Swine.seq
KF694731-O-S01KOR-2002-Swine.seq
KF694732-O-S02KOR-2002-Swine.seq

430 440
-------------- TTCCCGA- CGTTAAAGGG- ATGTAACCACAAGCTTAGTACCTTCGTGTCCGAAGTTAAAGGACTG— TAACCACAAGCTT- AGACCGCCTTATTCCGGCGTTAATGGAATGTAACCACAAGATGGACCTTCACCCGGAAGTA
NNNTTT- GCCGTCGTTCCCG- ACGTTAAA- GGGATGAAACCACAAGCTTGGAACCGTCTTACCCGATGTTAACGGGTTG- TGACCACACGCTT- GTGCCGCCTTT- CCCGGCGTCAATGGGATGTAACTACAAGCTAAACCTTCATCCGGAAGTA
- - NN- TTGCCGTCGCTCCCAA- CGTTAAAGGG- AGGCAACCATAAGCTTTGTGCCTTCTTGTCCGAAGCAAAAGGACT G- CAACCGCAAGCTTTAAACCGCCTT- TCCCGGCGT CAACGGGATGTAACCACAAGGTAGACCTTCGCCCGGAAGTA
NNNNN- - GTCGCTCCCGA- CGTTAAAGGG- AGGTAACCACAAGATTTGCGCCTTCTTGTCCGAAGT TAAAGGACT G- TAACCGCAAGCTTTGAACCGCCTT- TCCCGGCGTTAACGGGAT GTAACCACAAGATGGACCTTCATCCGGAAGTA
NNNNNG- - TCGCTCCCGA- CGTTAAAGGG- AGGTAACCACAAGATTTGCACCTTCTTGTCCGAAGT TAAAGGACT G- GAACCGCAAGCTTTGAACCGCCTT- TCCCGGCGTTAACGGGAT GTAACCACAAGATAGACCTTCATCCGGAAGTA
NNTTTGCCGTCGCTCCCGA- CGTTAAAGGG- AGGTAACCACAAGCTTTGTGCCTTCTTGTCCGAAGTAAAAGGACT G- TAATCGCAAGCT TTAAACCGCCTT- TCCCAGCGTTAACGGGATGTAACCACAAGATAGACCT TCGCCCGGAAGTA
- - GTACTACCGTCGCTCCCGA- CGTTAAAGGG- AGGTAACCACAAGCTTTGTGCCTTCTTGTCCGAAGTAAAAGGACT G- TAACCGCAAGCTTTAAACCGCCTT- TCCCAGCGTTAAAGGGAGGTAACCACAAGACAGACCT TCGCCCGGAAGTA
TACTACCGTCGCTCCCGA- CGTTAAAGGG- AGGTAACCACAAGATTTGCGCCTTCTTGTCCGAAGT TAGAGGGCT G- TAACCGCAAACTTTGAACCGCCTT- TCCCAGCGTTAACGGGAT GTAATCACAAGAT GGACCTTCATCCGGAAGTA
TACTACCGTCGCTTCCGA- CGTTAAAGGG- AGGTAACCACAAGATTTGCGCCTTCTTGCCCGAAGT TAGAGGGCT G- TAACCGCAAACTTTGAACCGCCTT- TCCCGGCGTTAACGGGAT GTAACCACAAGAT GGACCTTCATCCGGAAGTA
TACTACCGTCGCTCCCGA- CGTTAAAGGG- AGGTAACCACAAGATTTGCGCCTTCTTGTCCGAAGTTAGAGGACT G- TAACCGCAAACTTTGAACCGCCTT- TCCCGGCGTTAACGGGAT GTAATCACAAGAT GGACCTTCATCCGGAAGTA
- NNNNNN- GTCGCTCCCGA- CGTTAAAGGG- AGGTAACCACAAGACTTGCGCCTTCTTGTCCGAAGT TAGAGGGCT G- TAACCGCAAACTTTGAACCGCCTT- TCCCGGCGTTAACGGGAT GTAACCACAAGAT GGACCTTCATCCGGAAGTA
- - - NNNNNNNNNN- CTCCCGA- CGTTAAAGGG- AGGTAACCACAAGATTTGCGCCTTCTTGTCCGAAGTTAGAGGGCT G- TAACCGCAAACTTTGAACCGCCTT- TCCCGGCGTTAACGGGATGTAATCACAAGATAGACCTTCATCCGGAAGTA
AGTTTTTACCGCCTTTCCCGG- CGTTAAAG- GGAGGTAACCACAAGCTTGCGACTGTCTTGCTCGACGATAAAGGGCT G- TGACCGCAAGATG- ACACCGCCTTT- CCCGGCGTTAATTGGATGTAACCACAAGATGAACCTTCACCCGGAAGTA
AGTTTTTACCGCCTTTCCCGG- CGTTAAAG- GGAGGTAACCACAAGCTTGCGACTGTCTTGCTCGACGATAAAGGGCT G- TGACCGCAAGATG- ACACCGCCTTT- CCCGGCGTTAATTGGATGTAACCACAAGAT GAACCTTCACCCGGAAGTA

(1) The PKs region of several type O PanAsia FMDV
strains and OMII strain includes an 86-nt deletion.

(2) The PKs region of Cathay

strains includes 43-nt

deletion.

KX|62590 O-SKR-. JC 2014 Swine.seq

AY359354 -OMIlI- Ca(hay -Swine.seq
|IAF511039-Akesu-58.seq
|HQ412603-0-YM-YN-2000-Swine.seq
|AY593835-otaiwan97 iso106-112-Swine.seq
|AF308157-Yunlin-Twiwan-1997-Swine.seq
|AY593833-openghu is0108-1999-Swine.seq
|HQ632771-MAY-8-2005-Swine.seq

----CCGCCTT- TCCCGGCGTTAACGGGACGTAACCGCAAGATGGALCTTCACCCGGAAGTA
---GCCGCCTTT- CCCGGCGTTAAATGGAT GTAACCACAAGATCGALCTTCACCCGGAAGTA
---ACCGTCGTT- CCCGGCGTTAATGGGATGTAACCACAAGATGGALCTTCGCCCGGAAGTA
AGTTTT- ACCGTCGTTCCCGA- CGTTAAAG- GGAGGTAACCACATGCTTATTACCGCCTTTCCCGGCGTTAAAGGGCTG- TAACCACACGA- -- T CTTCACCCGGAAGTA
AAGTAACGCCGTCGTCACCGA- CGTTCAAAGGGAGGAAACCACAAGCTTGTAGC: ACCAC- - CCTTCACCCGGAAGTA

= - TCCCGGTATCAACGGGGT GTAACCACAAGACGAA

AAGTTTTGCCGTCTTTCCCGG- CGTTTGAAGGGAGGAAACCACACGCTTGCAAC -- -- -- - ACCAC- - -- -- TCCCGGTGTCAACGGGAT GCAACCGCAAGATGGALCTTCGCCCGGAAGTA
AGGTTCTACCGTCGTTCCCGA- CGTTTGAAGGGAGGAAACCACACGCTTGCAAC. .- -- .- - ACCAC- - -- -- TCCCGGTGTCAACGGGAT GCAACCGCAAGATGGALCTTCGCCCGGAAGTA
AAGTTTTACCGTCATTCCCGG- CGTTTGAAGGGAGGAAACCACACGCTTGCAGC .- .- .- - ACCAC- - -- .- TCCCGGTGTCAACGGGAT GCAACCGCAAGATGGALCTTCGCCCGGAAGTA
NNNTAACACCGTCGCTCCCGA- CGTTTAAAGGGAGGTAACCACAAGCTTGCAGC- - - - - - .- .- .- - ACCAC- - -- - - TCCCGGTGTCAACGGGAT GTAGCCGCAAGATGAALCTTCATCCGGAAGTA

RYZ3450T-O-CHA-7-20T T-PanASia-Callie 5¢

|JN998085-O-BY-CHA-2010-Swine.seq
|AJ539136-TAW-2-99-TC-Cattle.seq
|AJ539138-Tibet-CHA-99-Cattle seq
|LC036265-O-JPN-2010 290-1E-Cattle.seq
|AF506822-China-1-99-(Tibet)-Cattle.seq
AY593524 -01skr is085-2000-Swine.seq
EFS|4457 O-SKR-14-02-Cattle.seq
|HQ009509-China-5-99(F ujian)-Swine.seq
:HM0089|7-O-YS-CHA~05-Swme.seq
|HQ632768-MAY-3-2000-Swine.seq
|UN998086-O-GZ-CHA-2010-Cattle seq

AGTTTTTACCGCCT T TCCTGG- CGT TAARAG- GGAGGUCAACCATAAGCT TGCAACTGTCT TGCTCGATCGA TARAGGGL T G- T GACCGCAAGAT G- ATACCGCCT T T- CCCGGUGT TAAT T GGA T GCAACTACAAGA T GAACCTTCACCCGGAAGTA
AAGTCTTACCGTCATTCCCGA- CGTTAAAGGG- AGGTAACCACAAGATTTGCGCCTTCTTGTCCGAAGTTAGAGGGCT G- TAACCGCAAATTTTGAACCGCCTT- TCCCGGCGTTAACGGGAT GTAATCACAAGATGGACCTTCATCCGGAAGTA
AGTTTTTACCGCCTTTCCCGG- CGTTAAAG- GGAGGTAACCACGAGCTTGCAACTGTCTTGCCCGACGATAAAGGGYTG- TGAYYGCAAGATG- ATACCGCCTTT- CCCGGCGTTAATTGGATACAACCACAAGATGAACCTTCACCCGGAAGTA
AGTTTTTACCGCCTTTCCCGG- CGTTAAAG- GGAGGTAACCACAAGCTTGCAACTGTCTTGCTCGACGATAAAGGGCT G- TGACCGCAAGATG- ATACCGCCTTT- CCCGGCGTTAATTGGATGCAACCACAAGATGAACCTTCACCCGGAAGTA
AAGTACTACCGTCGCTCCCGA- CGTTAAAGGG- AGGTAACCACAAGATTTGCGCCTTCTTGTCCGAAGTTAGAGGGCT G- TAACCGCAAACTTTGAACCGCCTT- TCCCAGCGTTAACGGGATGTAATCACAAGATGGACCTTCATCCGGAAGTA
AGTTTT- ACCGTCGTTCCCGG- CGTTAAAG- GGAGGTAACCACAAGCTTGCAACTGTCTTGCTCGACGATAAAGGGCT G- TGACCGCAAGATG- ATACCGCCTTT- CCCGGCGTTAATTGGAT GCAACCACAAGATGAACCTTCACCCGGAAGTA
AAGTTTTACCGCCTTTCCCGG- CGTTAAAG- GGAGGTAACCACAAGCTTGCAACTGTCTTGCTCGACGATACAGGGCT G- TGACCGCAAGATG- ATACCGCCTTT- CCCGGCGTTAATTGGAT GCAACCACAAGATGAACCTTCACCCGGAAGTA
AGTTTTTACCGCCTTTCCCGG- CGTTAAAGT GGAGGTAACCACAAGCTTGCG- - - GTCTTGCTCGACGATAAAGGGCT G- TGACCGCAAGAT G- ACACCGCCTTT- CCCGGCGTTAATTGGATGTAACCACAAGAT GAACCT TCACCCGGAAGTA
AGTTTTTACCGTCTTTCCCGG- CGTCAAAG- GGAGGTAACCACAAGCTTGCGTCTGTCTCGCTCGACGATAAAGGGCT G- TGACCGCAAGATG- ATACCGCCTTT- CCCGGCGTTAACTGGATGTAACCACAAGACGAACCTTCACCCGGAAGTA
AGTTTTTACCGCCTTTCCCAG- CGTTAAAG- GGAGGTAACCACAAGCTTGCGTCTGTCTTGCTCGACGATAAAGGGCT G- TGACCGCAAGATG- ATACCGCCTTT- CCCGGCGTTAATTGGATGTAACCATAAGACGAACCTTCACCCGGAAGTA
-------------- TCCCGG- CGTTAAAG- GGAGGTAACCACAAGCTTGCAGCTGTCTTGCTCGACGATAAAGGGCT G- TGACCGCAAGATG- ATACCGCCTTT- CCCGGCGTTAATTGGAT GTAACCACAAGACGAACCTTCACCCGGAAGTA
AAGTCTTACCGTCATTCCCGA CGTTAAAGGG- AGGTAACCACAAGATTTGCGCCTTCTTGTCCGAAGTTAGAGGGCT G- TAACCGCAAACTTTGAACCGCCTT- TCCCGGCGTTAACGGGATGTAATCACAAGATGGACCTTCATCCGGAAGTA




O/GD/CHA/2015 showed a pig-adapted tropism
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0/GD/CHA/2015 did not cause disease in cattle 9
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Construction of recombinant FMDV including the 86-nt deletion

5’UTR 3'UTR
Poly C pO/CHA/7/2011
Gl e L] P1 P2 P3 [F—PolyA™ CrowT )
Fragment B
BsmBI", Fragment B-1 %
p—odmemes
Ddel BsrGl
l site-directed mutagenesis PCR
| RECOE —— | DPKs86
FragmelntB’
BsmBI l Xbal
S,pTK....E PUTR
Paly C : pO/ CHA/7/2011-A86
] [rellres ] L | P1 P2 P3 [ —PolyA™ ™ (r0-DPKsg6)
DPKs86:
S
BHK-21
— 10+
: TEI - rO-WT
Y -=- rO-DPKs86
HE ==
L Pl s
5 6 =
H Q
H -
DT 44
P 8
R
-
-
) o 4 8 12 16 20 24
Negative control rO-DPKs86 Hours post-infection(hpi)

The titers of the recombinant viruses
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Deletion of the 86-nt in PKs contributed to the inability of FMIDV
to cause disease in cattle

Logo,RNA copies/200pL

Log o RNA copies/200uL
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Construction of recombinant FMDV including the 43-nt deletion

5°UTR 3’UTR

Poly C

OICHA/7/2011

BIEZ |c!e|REs L P1 P2 P3 [ t—PolyA P ( rO-WT )
S’UTR ... 3’UTR

Poly,C H

pO/ CHA/7/2011-A43

E:[:“ PKsEeIRES L P1 P2 P3 [ 1—PolyA (rO-DPKs43)

ngeI Berls

‘DPKs43

BHK-21

O rO-WT
B3 rO-DPKs43

~
N

w
1

Virus titer(LogoPFU/ml)
o

&
1

Negative control rO-WT 1r0-DPKs43

Mock

Confirmation of generation
of recombinant FMDV 12
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Deletion of the 43-nt in PKs contributed to the decreased pathogenicity
of FMDV in cattle
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characteristic.

(1) Historical question : Cattle OMII strain and Taiwan 97
Cathay topotype strains showed pig-adapted characteristic
that could cause clinical signs in swine but not bovines. PKs
deletion is a critical determinant.

(2) Current question: PanAsia lineage FMDV with 86-nt
deletion in the PKs region also showed pig-adapted

‘‘‘‘‘ o Journal of PATHOGENESIS AND IMMUNITY

CCCCCCCCCC

CCCCCCC

The Pseudoknot Region of the 5’ Untranslated Region Is a
Determinant of Viral Tropism and Virulence of Foot-and-
Mouth Disease Virus

Zixiang Zhu,® Fan Yang,® Weijun Cao,® Huanan Liu,® Keshan Zhang,? Hong Tian,® Wen Dang,? Jijun He,? Jianhong Guo,?
Xiangtao Liu,® Haixue Zheng?

*State Key Laboratory of Veterinary Eticlogical Biology, National Foot and Mouth Diseases Reference Laboratory, Key Laboratory of Animal Virolegy of Ministry of
Agriculture, Lanzhou Veterinary Research Institute, Chinese Academy of Agricultural Sciences, Lanzhou, China

These results helped us select appropriate vaccines for controlling of FMD in pigs.
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Deletion or modification of the Immunosuppressive sites
or domains in viral proteins is a prominent strategy to
develop FMDV vaccine strain

P1 gene from A/WH/09 isolate

replace |88l U |
selt-shearng site AfL I replace ¢ self.shearing site
HamRz sSgrA ll HdvRe
Ta |
L|vP4|vP2|vP3|vP1 —JHI—PPIcFAsial TI
P P[ Tze T Ty ( p)

transinfectionl

propagatlng recombined genomic RNA that contained

: : P1 from A type FMDV A/WH/09 isolate

Wildtype - Recombinant Improvement of the
FMDV FMDV vaccine efficacy
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Innate immune pathways are critical for induction
of host antiviral response during viral infection

Phosphorylation\
Ubiquitination | e >
%, Oy SUMOylation Host/Viral [
Complex protelns I
l formation N -——==
\ o AAs -
e > / Virus infection triggers
me \ ¥ :
kB ISRE IFN production
SO DA™ NN IFNa/B
S ~, ) @ S y

K63-linked Ub K48-linked Ub ISG15 phosphorylation  SUMOylation



The mechanisms used by FMDV to antagonize
host innate immune response are complicated

Innate immune response is critical for initiation of adaptive immune

response
p Innate Adaptive I F N 'U./B

I 4 1

A TCells Antibody
Phagocytes
Inflammatory Cytokines
Interferon-Antiviral

Cytokines

Relative Activity

Days After Infection

®

’ % Response to infection or vaccination

Infection of FMIDV

&

Immune cells
Clarification of the antagonistic mechanisms will

provide insights and direction for FMD control Adaptive immune

response
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1. Regulation of pattern-recognition receptors
(PRRs) by FMDV

Virus & é

(1) FMDV 2B and 3B proteins interact with RIG-I to

degrade RIG-I and promote FMDV replication (J Virol
2016 ; J Immunol 2020).

. (2) FMDV 2B interacts with LGP2 to degrade LGP2
(Cell Death Dis 2017).

(3) FMDV 2B and 2C degrade NOD?2 to block innate
immune response (J Virol 2019).

(4) FMDV 2C degrades cGAS through autophagy
pathway ( PLoS Pathog 2023)

(A) Myc-RIG-I+ Vector 2B (B)
IP Abs: 19 Myclg Myc MVC;E';;'* —;“Ftl‘;; _|g2|B=|ag
S.
ety [ =R 1B:Myc Ity cRIG-
1 IB:Flag -Flag-zB IB:Flag -Flag-?_B
ISRE . By RiG- - VyeRiGH
) g
PAWAANZ LY AWV IFNo/pB wol| - Fleo-28 wo | I Fle0-28
et - -=ctr

% N @ 0 8

K63-linked Ub  K48-linked Ub ISG15 phosphorylation SUMOylation ZB InteraCtS and degrades RIG-I 18



2. Regulation of adaptor protein MAVS by FMDV

| (1) FMDV VP3 interacts with MAVS and interferes with
Virus @ & the formation of MAVS complex, blocking type | IFNs
production (FASEB J 20176).

(2) FMDV VPO interacts with PCBP2 to degrade MAVS
through autophagy-dependent pathway (Ce// Death
Dis 2079).

(3) Thioredoxin 2 (TRX2) disrupts MAVS complex
formation (J Viro/ 2020).

(4) FMDV VP1 interacts with IRF3 to block IFNs production
( PLoS Pathog 2021)

A F-VP3
HA-  RIG-I MDA5  VISA
IPAbs: Ig aHA Ig aHA Ig aHA Myc-VP3 - + - + - = + IRF3
—_— § -— -Dimer
IB: aHA N .
Native
. W= =% == se-monomer
IB: aF-HRP B -F-VP3
B - p-IRF3
e s ewe s = -|RF3
SDS
- W-vyc-vPs
3 A 3 -2 Ctin
1 Lysate WhiaHA
WB: aFlag e F-VP3

\)“mmxﬁ AW ALY |FNOL/B
OOQ) \ O ' ® FMDV VP3 interacts with MAVS and

K63-linked Ub  K48-linked Ub ISG15 phosphorylation SUMOylation blOCkS IRF3 dlmerlzathn. 19



3. Regulation of adaptor protein TBK1 by FMDV

_ (1) TBK1 is a novel E3 ubiquitin ligase, and E2
& ubiquitin-conjugating enzyme UbcH5c is involved

Virus %

e

in regulation of its ubiquitination function.

(2) The E3 ubiquitin ligase activity is essential for
TBK1-mediated degradation of VP3 (/ Viro/ 2079).

Myc-VP3
° 0
P
£ ¥°
R X
F-TBKL - — + - + HATBKL - + -
Abs: aM aMaMaMaM HA-TBK1 CA26/605A - - +
Flag-vP3 + + +
: WB: aHA e -HA-TBK1
IP: oM -VP3-K63Ub oA
WB: aFlag g e -Flag-VP3
WB: 0iaCtin s -B-actin
I - TBK1
Input —1\1yC-\/P3

TBK1C426/605A and VP3K118R are the critical sites.

20 118 Myc-VP3 + + - -

1 \ \ E MycvP3k20rR - - + + 7
O-type FMDV VP3: TTTORKTARY ToRkARTTAY VYGRS KLIBR - -y 4
ISRE A-type FMDV VP3: UTTORKTAORU TESKARYHUAY: HA-TBK1 - + - + 1+

| JM\*M/,‘L\M O N\ Asia 1-type FMDV VP3: LUTTORKTADRU™ TORKARYHUAYL WB:oHA v s |wd -HA-TBKI

C-type FMDV VP3: 1JTTOPKTADPA ™ TORKARYHUAY!
SAT 2-type FMDV VP3: ‘UHTOPKTADRL ™ THHERKF LAY WB: oMyc s SIS -Myc-VP3
SAT 1-type FMDV VP3: “GNTDRKTSDRL TRHKHEYHURY: R P
Q% \Q 6 SAT 3-type FMDV VP3: ‘ONTOPKTAOPT ™" TRSKARFHUAY: WB: aactin B-actin
K63-linked Ub ~ K48-linked Ub  ISG15 — 20



4. Regulation of transcription factor IRF3 by FMDV

Virus

(1) FMDV VP1 interacts with IRF3 and inhibits its
phosphorylation and nuclear translocation. Host
DNAJA3 degrades VP1 through the autophagy
to impair this antagonistic effect induced by

VP1 (J Virol 2019, Cover Story).

(2) Foot-and-mouth disease virus capsid protein
VP1 antagonizes TPL2-mediated activation of the
IRF3/IFN-3 signaling pathway to facilitate the virus

replication (Frontiers Immunol, 2021).

Mock Polv (I:C)
WT KO WT KO

VecVP1 VecVP1 Vec VP1 Vec VP1 ;;;‘ 12
ggR'FkDga) — % ;:
IRF3 § 0.6
=1
(25 kDa) g 02
' ISRE i L e ess
\}N\mm\bmﬂ\]\,f \JNL\n | F Na/ B '(t‘;cga) = Poly (1:(:;( -
qu \. ) Q 'S Deletion of DNAJA3 enhanced VVP1-induced

K63-linked Ub  K48-linked Ub ISG15 phosphorylation SUMOylation antagonistic eﬂ:eCt. 21



5. Regulation of antiviral response by host proteins

(1) Picornavirus 3A protein degrades G3BP1 through
autophagic protein LRRC25 which impairs host antiviral

repsones (J Virol 2020).

(2) VP1 interacts with RPSA to maintain the activation of
MAPK pathway and promote FMDV replication (J Virol
2020).

(3) TPL2 regulates host innate immune response through
multiple mechanisms (J Virol, 2020; Frontiers Immunol,
2020).

(4) IMJID6 recruits RNF5 to induce the K48 ubiquitination
of IRF3 and blocks host antiviral response (Plos Pathog,
2021).

(5) ANXA1l promotes FMDV-induced IFNs production
through the IRF3 axis at MAVS and TBK1 levels (J Virol,
2022).

E285A

|
ISRE G3BP1
"“mmmmf VAL IFNa/B 1-285aa 286-467aa
Qch \. ) ' ® The 286-467aa of G3BP1 interacts

K63-linked Ub  K48-linked Ub  1SG15  phosphorylation ;10 1ation with RIG-1 Helicase domain. 22



6. Schematic representation of the antagonistic
mechanisms used by FMDV
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Application

Improvement of vaccine production,
safety and efficacy

VACCINE

FORBRECTION ONLY




1. TBK1 degrades VP3 which decreases the antigen
level during vaccine production

- TBKI1 catalyzes the K48 ubiquitination of VP3.
yc-
9 Increase of antigen production

—

F-TBKL: — - + — +
Abs: aM aMaMaMaoM

%®e [PraM VP3-K63Ub
&

Input m;,‘,'f,,ﬁ{}ég wT RE wT RE

TBK1C426/605A and VP3K118R are the critical sites
for degradation of VP3.

20 118 E Myc-VP3 + + - - |-
\ Myc-VP3 K20R - - + + +
Myc-VP3 K118R - - - - 4|4
O-type FMDV VP3: ITTOPKTADRY TORKRARTHIATE HA-TBKL - + - + -
A-type FMDV VP3: MTTOPKTADRY TESKRARHUAY: _
Asia 1-type FMDV VP3: IUTTOPKTAOPL TORKARYHUAY! WB:aHA| = == -HA-TBK1
C-type FMDV VP3: {UTTORKTADPA ™ TORKAR AT _
SAT 2-type FMDV VP3: ‘GNTOPKTAORT " THHKAKFHUAY: WE: aMyc « -Myc-VP3
SAT 1-type FMDV VP3: ‘@HTOPKTS0RY ™ THIEERYHUAY: WB: aactin . B-actin
SAT 3-type FMDV VP3: “BHTOPKTADPT ™ TRSKARFHUAY:
' ISRE Improvement of FMDV antigen by targeting
PAWHANVZWY, NV TN

TBK1 (Patent, ZL201910401904.8, 2020)

% “. @ 0 ®  Knockout of TBK1 in BHK-21 cells, and

K63-linked Ub K48-linked Ub ISG15 phosphorylation  SUMOylation introduction Of VP3K1 18R mUtation in FMDV25



2. Deletion or modification of the immunosuppressive
sites in structural proteins to improve the efficacy of
FMDYV vaccine

Virus @

Rationale: FMDV VP1, VP3 and VPO inhibit
type | IFN production ( J Virol. 2019; J Virol.
2021 ; Cell Death Dis. 2019 )

Comparison of antibody response

Higher neutralizing antibody level

Extended duration of
antibody response

B

1 S ——~ e e el o e e o ————— B LT T LT T,

2s6- Early immune
response

128

Antibody titers
2

days post immune

Mutation of the critical sites in FMDYV proteins
involved in suppression of host innate immune
response accelerate, increase as well as extend

1 ISRE
POPQIVAVC MR (ENo/p

% " ' @ antibody response in vaccinated animals. ¢

K63-linked Ub K48-linked Ub ISG15 phosphorylation



3. Improvement of vaccine performance based on the

mechanisms used by FMDV

Producing high-quality vaccines with the performance of high production rates, increased immune efficacy,

and improved safety. (Editing virus and cells)

Virus titers (TCleo/SOuL) Antigen production (ug/mL)
ﬁ 14
gl & Construction of 10 - 121
& = recombinant FMDV @ 101
= 8 1 81
. |
\ @ @ 6 == Re-AP1-FMDV N
2
Recombinant 4 0
= FMDV/Antigenl == ANU/GHA/0 S 2 o &
2 - o G V\@\ &
/ 0 Q> (ﬁé‘@ ks VXV\@
< M . T T T T T T & N
Editing susceptible = , 1h 4h 8h 24h Re-AP1-FMDV | A/GDMM/2013 | A/WH/09 | A/NMXZ/64
cell line 58150 | 1132 | 2.84.1 | 2.043
—*— O/HNXX/2015
Wildtype Antigen response T Reosae
performance vaccine Modified vaccine 1024
Antigen production | 1-3pg/mL | 3.89~15.0pg/mL ™
Start of immune o
response 5-7d 2-3d =
é 64
Protection duration 4-6 month | 8-12 month <
Stability 4°C v improved
Cross-protection No Vv improved N Q\gé o&; &@; &&; 0\9@' l&é :é,,e; ﬁg,é
Immunosuppressive . , S
ays post immune
activity Yes Vv improved
Marker +/- Vv included
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Thanks for your attention!

Lanzhou Veterinary Research Institute
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