HERG &R | [

AAAAAAAAAAAAAAAAAAAAAAA

FTHEFEFENMNEARS

B s e AL A 2 4L 1 R e i e R

Research on the assembly mechanism and immune
characteristics of foot-and-mouth disease virus-like particles
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o Assembly mechanism of foot-and-mouth disease virus VLP
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S Immunological characteristics of foot-and-mouth disease VLP
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TRESTFEURL (Virus-like particles, VLPs) E—FERSEEIEOEMENSHERE. 16
IE%U BYEA, Virus-like particles (VLPs) are particles composed of viral structural proteins but without viral nucleic
acids and unable to replicate autonomously.
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Technical advantage
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No need for high pathogenicity production qualification
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Prokaryotic expression of P1-2A polymer is difficult,
with low expression levels, and there are technical
bottlenecks in the later processing of P1 protein
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€  Expression of single VP1 protein in vitro in the form of
inclusion bodies

Size (d.nm) Wavelength (nm)



HEEG €5k | )11 \\ NBEHERTRTS L

"ORRAERERERS: MA—ROGEAHS"

"Foot-and-mouth disease virus-like particle vaccine: a leading generation of prevention and control tool"
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The foot-and-mouth disease virus-like particle vaccine is the world's first virus-like particle vaccine self-assembled
from three structural proteins in a cell-free system, and has obtained two Class I new veterinary drug certificates.
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Class I Certificate for Porcine Foot-and-Mouth Class I Certificate of Foot-and-Mouth Disease
Disease Type O Virus-Like Particle Vaccine O-type Virus-like Particle Vaccine for Cattle
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Bivalent VLPs vaccine against porcine foot-and-mouth disease type O and type A, and bivalent:
VLPs vaccine against bovine foot-and-mouth disease type O and type A.
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Assembly of Foot-and-Mouth Disease VLPs
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Figure S. Flowchart of FMD VLPs isolation
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Figure 1. Results of sucrose density gradient centrifugation of VLPs
VLPsHy iRt B f§RE SFMDV, BT ATHENFE S, VLPsHIERZELEETSE . The peak time of VLPs is slightly later than
that of FMDYV. Due to the characteristics of artificial assembly, the peak shape of VLPs is relatively smooth.
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Figure 2. Identification results of VLPs collected by sucrose density gradient centrifugation
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The collection peak of VLPs showed three bands of foot-and-mouth disease virus, and DLS and electron microscopy detected particles with a size of about 30 nm
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Figure 6 Analysis results of VLPs and monomeric protein antibody levels
VLPsiER M ERREEFRA, TiFXEKEFFERENDRNGGE; BESXNERREFSEHE, BEXRPHNRGENENTE.
The immune response induced by VLPs is more durable, capable of eliciting high levels of specific and neutralizing antibodies; the immune
response induced by monomers is short-lived and lacks the ability to induce neutralizing antibodies.
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Figure 1. Assembly model of foot-and-mouth disease virus-like particles
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Figure 8 Effect of assembly solution pH on VLPs assembly

A. SDS-PAGE analysis results; B. DLS analysis results; C. VLPs content detection results
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The pH tolerance range of foot-and-mouth disease virus is relatively narrow, and the assembly experiment of virus-like
particles shows that the assembly rate of the assembly solution at pH 8.0 is significantly higher than that at pH 8.5
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Figure 10 Effect of dispersant on the assembly of O-type VLPs
A. SDS-PAGE results; B. DLS results; C. VLPs content detection results; D. Effect of E reagent concentration on VLPs assembly rate
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Adding dispersing agents to purified proteins can significantly increase the assembly rate of O-type VLPs
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Figure 11 Effect of dispersant on the assembly of type A VLPs
A. Turbidity comparison effect diagram; B. DLS results; C. VLPs content detection results
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Adding dispersing agents to the purified protein can also significantly increase the assembly rate of type A VLPs; and the
aggregation of type A foot-and-mouth disease virus structural proteins is significantly more severe than that of type O
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Figure 13 Analysis results of the effect of F reagent on the assembly of O-type VLPs
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F reagent can stabilize the structure of VLPs, and when used together with N reagent, it can increase the assembly rate of VLPs
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» Add different concentrations of B reagent to the assembled VLPs, and detect after 16 hours. The
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Figure 14 Analysis results of the effect of B reagent on the assembly of O-type VLPs
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The results showed that the addition of B reagent to VLPs significantly increased the content of VLPs
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Stabilization of Human Papillomavirus
Virus-Like Particles by Non-lonic Surfactants
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ABSTRACT: Human papillomavirus (HPV) virus-like-particles (VLPs) produced by
recombinant expression systems are promising vaccine candidates for prevention of
cervical cancers as well as genital warts. At high protein concentrations, HPV VLPs,
comprised of the viral capsid protein L1 and expressed and purified from yeast, are
protected against detectable aggregation during preparation and storage by high
concentrations of NaCl. At low protein concentrations, however, high salt concentration
alone does not fully protect HPV VLPs from aggregation. Moreover, the analytical
analysis of HPV VLPs proved to be a challenge due to surface adsorption of HPV VLPs to
storage containers and cuvettes. The introduction of non-ionic surfactants into HPV VLP
aqueous solutions provides significantly enhanced stabilization of HPV VLPs against
ageregation upon exposure to low salt and protein concentration, as well as protection

> VIPsHAEFWMELEFZHIARE, BESEARETRE, BHREVIPSARE
»  VLPs may aggregate during assembly or placement, which can reduce the assembly rate and destabilize the VLPs

> ReEEMTREEEL, and decreased or lost immunogenicity.
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Table 1: Statistical results of immune challenge protection of porcine foot-and-mouth disease virus type O VLPs vaccine

EET Y R W HER el i g LA PRI PDso/Skfy
1M O/MYA98/BY/2010 1000IDso/3mL 5 5/5
JRiGHiE 13 k4 O/MYA98/BY/2010 1000TDs0/3mL 5 5/5 5.2
1/9 4 O/MYA98/BY/2010 1000IDso/3mL 5 0/5
13kf O/MYA98/BY/2010 1000IDso/3mL 5 5/5
AbFE 1 1/3 kfiy O/MYA98/BY/2010 1000IDs0/3mL 5 5/5 15.59
1/9 3kt O/MYA98/BY/2010 1000IDs0/3mL 5 5/5
13k O/MYA98/BY/2010 1000IDs0/3mL 5 5/5
AbFE 2 1/3 k4 O/MYA98/BY/2010 1000IDs0/3mL 5 4/5 9.0
1/9 kfr O/MYA98/BY/2010 1000IDs0/3mL 5 3/5
XA _ O/MYA98/BY/2010 1000IDs0/3mL 2 0/2 -

HsRIPABRERET:

The results of the antiviral protection test showed that aggregation reduces the immunogenicity of VLPs, while inhibiting aggregation can‘enhance

the immunogenicity of VLPs, but excessive inhibition can destroy the immunogenicity.
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The results of the freeze test showed that there was no significant difference in the concentration of VLPs stored at=20°C
and -70°C for 5 days compared to those stored at 4°C. Additionally, the peak overlap of the sucrose density gradient was

good, indicating that VLPs have a certain degree of tolerance to freezing.
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The mechanical shear results showed that there was no significant difference in VLPs concentration between VLPs sheared at 3000
rpm/min and 300 rpm/min for 15 minutes and VLPs stored at 4°C. The peak overlap of the sucrose density gradient was good, indicating

that VLPs had certain mechanical resistance.
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Immunological characteristics of foot-and-
mouth disease VLPs
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Table 1 Statistics of antibody and challenge incidence after immunization with foot-and-mouth disease VLPs vaccine at different times
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— A N s
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03 011 1:22
003 1:22
G 009 2024. 10. }:22
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016 1:360
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EREfE, 3R, TRMARAARBEMERMARIFRS 5790%. 0%, 60%50%. 40%7F1100%.

After emergency immunization, the antibody positive rates and protection rates at 3 days, 7 days, and 14 days were 0%, 0%, 60%, and 0%, 40%, and 100%, respectively.
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The 3ABC antibody test results after virus challenge showed that the 3ABC antibodies of the non- 1nfected plgs were all negative,

xtegeg  indicating that the virus was completely neutralized and could not reﬂ_hcate
- - + + 0
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ERBRER, 14RPRIVIRINEEERNNEHEIESR ) TXARANYIERE40%RF, EREBEE
T XIHRHEM KRG H.
Following an emergency immunization challenge, the body temperature of animals immunized for 14 days remained netmal
throughout the entire challenge period. Although the 7-day immunization group only achieved 40% protection, theif body.
temperature was significantly lower than that of the control group and the 3-day immunization group.
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Figure 13 Changes in FMDYV content in serum and
tissues after emergency immunization

R2REWSRE, 14RRRIMINILBFIALRFFMDVIGRBMY,; 7RXERERISIERBA0%RF, (BllisFid
APESSEEE X TXYRENBRRERE.
After emergency immune challenge, the serum and tissues of animals immunized for 14 days were all negative for FMDV;
although only 40% of animals in the 7-day immunization group were protected, the virus content in serum and tisSues was
significantly lower than that in the control group and the 3-day immunization group.
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Figure 1 Comparison of antibody levels between bivalent VLPs vaccine against foot-
and-mouth disease type O and type A and inactivated whole virus vaccine in pigs
VIPsEE S REFIHRERERETEKERNERETR: VIPSEEIFAMENSEMRERE S IEREE 14
REFFHEPARKFRITIAL:64, RATFAEKFENMET RERHE.

The results of antibody level detection after immunizing pigs with VLPs vaccine and whole virus inactivated#accine
showed that the production period of antibodies induced by VLPs vaccine was significantly shorter than that of mactivated
vaccine, with a specific antibody level of 1:64 achieved within 14 days; the neutralizing antibody level was not lowerthan

that of inactivated vaccine.
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Figure 13 Comparison of the change trend of O-type antibody between VLPs vaccine
and high-end inactivated vaccine

VLPSGEE AT EREERBRTEREE, 14K70%AITIARE,
BERIRBEESTB R AKIESIAMET KEZEE. The production speed of antibodies induced by VLPS vaccine is
significantly faster than that of inactivated vaccine, with 70% of antibodies turning positive within 14 days,

And the antibody level of single immunization is not lower than that of inactivated vaccine within 5 months.
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Table 5 Statistical table of antibody level and challenge of swine foot-and-mouth
disease type O VLPs vaccine
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=H =4 b2
AR HS 0 15dpi 30dpi 60dpi 90dpi 120dpi 150dpi 164dpi 171dpi  1BR
B02 1:8 >1:. 256 1:180 1. 256 1: 256 1: 256 1: 180 1: 180 "
BO8 1:8 >1: 256 >1: 256 1: 256 1: 256 1: 180 1: 180 1: 90 7T
¥0O
BEO B26 1:8 >1: 256 >1: 256 1: 256 T B36msl: 256 1: 256 1: 128 XE I
Eilb
_% B32 1:8 1:180 >1: 256 1:180 1:180 1:180 1:128 1:90 7T
3V
¥ﬁ_'*: B39 1:8 1:32 1:90 1:180 1:180 1:90 1:90 1:45 —
R
BH M .
o 0% 77.1% 854%  82.6% 80% 76.7%  77.0% 80% | RIFE  80%

B OIEmE N B R RREIVAFEEIA6N R, 2Z6BIRRIRIFIIAT =80%.
The antibody persistence period of the porcine foot-and-mouth disease virus-like particle vaccine after a single
immunization is 6 months, and the protection rate after 6 months of immunization is greater than or equal to 80%.
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HOEE0R, AR SRR OR&ELNE13.9 PDs; ABRESL{HE15.5 PDs gl
Bivalent virus-like particle vaccine for foot-and-mouth disease of cattle, types O and A: Each dose contains 13.9 PDj, for type"0”and 15.5 PDs,
for type A
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BEOREOR., AR MESHETRIEE: OREPA14.3 PDy; ABUSLHS14.3 PD;,
Bivalent virus-like particle vaccine against foot-and-mouth disease in pigs, types O and A: Each dose contains 14. 3
PDjy, for type O and 14.3 PDs, for type A
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Stability of foot-and-mouth
disease VLPs vaccine
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Figure 8 Antibody detection results of
VLPs vaccine placed for 9 months

SENRERER: MEIMBNORERSHEIANEERE60XRAYZR T,
ERFBIZ 30 REIIAIKFEEHEE100%., _ The results of the immune test showed that the 60-day-old pigs immunized
with the foot-and-mouth disease virus-like particle vaccine placed for 9 months,
The qualified rate of antibody level was 100% after 30 days of single immunization.
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Table 11 Statistical results of immune challenge protection of foot-and-mouth disease type O VLPs vaccine

S T 7 B BRFaik B & Ak R PDs ki
134 O/MYA98/BY/2010 1000IDs,/3mL 5 5/5
2022002 17334 O/MYA98/BY/2010 10001Ds,/3mL 5 4/5 9.0
1/93k 4 O/MYA98/BY/2010 1000ID5,/3mL 5 3/5
13kt O/MYA98/BY/2010 1000IDs/3mL 5 4/5
2022005 1/33L4> O/MYA98/BY/2010 10001D5,/3mL 5 3/5 9.0
/94 O/MYA98/BY/2010 1000ID5,/3mL 5 4/5
X R ZH - O/MYA98/BY/2010 1000IDs5,/3mL 6 0/6 -

WERPLEERER. MEM BHHEEHRSFIREEse IS RIPEIIRNOBLESHRIIIE, RPN
THAZIFKEPD oK F6HIFRE,
The results of the virus attack protection test showed that the foot-and-mouth disease virus like particle
vaccine placed for 9 months can still protect target animals against the attack of the O-type virtlent
strain, and the protective efficacy still meets the standard of PDs, greater than 6 in China.
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Efficacy test of vaccine after 18 months of storage
1 01 5,32 9.0

2 02 13.59 10.05

it E M EI18 R IEN ISR R, (Bt EPD 1) > 6.,
After being stored for 18- months; the efficacy of both batches of vaccines decreased, but the PDs,

of both batches of vaccines remained greater than 6.
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Bovine Foo-and MouthDisease Vi Type
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Four types of foot-and-mouth disease VLPs vaccines have been launched on the market. VLPs vaccines are a new generation-of
vaccines with broad antigenicity, safety, high efficiency, and precise differentiation between infected and immune animals. They
are specifically designed for the purification of foot-and-mouth disease.
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Bovine Foat-and-Mouth Disease Type O Virus-like Particle Vaccine
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Thanks for watching!

BENASTMERAIIEIE, FIFEERITFMD VLPsEZH

We kindly request that all leaders and experts provide their critiques and corrections, and continue to monitor
the FMD VLPs vaccine
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