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Abstract: The special nucleic acid fragments, 5’ untranslated region (5" UTR) and internal ribosome entry site (IRES) of
foot-and-mouth disease virus (FMDV), which interact with the capsid proteins, were selected as scaffolds to investigate the
assembly efficiency of foot-and-mouth disease (FMD) virus-like particles (VLPs). The assembled product was characterized
by evaluation of particle size, surface potential, gel retardation assay, nuclease digestion experiments, size-exclusion
chromatography, transmission electron microscopy and circular dichroism analysis. The results confirmed that the 5’ UTR and
IRES of FMDV co-assembled with the FMD VLPs and facilitated the assembly efficiency of FMD-VLPs. It demonstrates that
the assembly efficiency of 75S particles of VLPs-5'UTR was significantly higher than those of the VLPs (P<0.001) and
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VLPs-IRES group (P<0.01). Comparatively the assembly efficiency of 12S particles of VLPs-IRES was significantly higher
than those of the VLPs (P<0.000 1) and VLPs-5'UTR (P<0.000 1). It showed that the 5" UTR represented more effective in
facilitating the assembly of VLPs. This study proposes an optimized strategy for improving the assembly efficiency of VLPs

for the development of VLPs vaccine.
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Fig. 1 Preparation of FMDV nucleic acids (5" UTR IRES) and VLPs. (A) Agarose gel electrophoresis of plasmids. 1:
5K marker; 2: IRES; 3: linearized IRES; 4: 5’ UTR; 5: linearized 5" UTR. (B) Agarose gel electrophoresis of RNA. 1:
5K marker; 2: IRES; 3: 5" UTR. (C) SDS-PAGE of FMD-VLPs. 1: 180 kDa protein marker; 2: FMDV structural proteins
(VP0-3) fused with His-Sumo tag; 3: proteins (VPO0-3) removed His-Sumo tag. (D) Western blotting analysis of

FMD-VLPs.
A B C
16 bp
14} —— VLPs-IRES
. | ) ——VLPs
= g 12 R ——VLPs-5'UTR
5 $or 1Is 2 000
=} L
2 £ 8 11 500
g S 6f 250
N < 1 & 100
b hS
- 2 L ‘&\h
—-10L

1020 30 40 50 60 70 80 90100
Size (d'nm)

2 FMD-VLPs 5 FMDV B & #y#ZE R B 5’ UTR. IRES $£4H%

Fig. 2 Co-assembly of FMD-VLPs with 5" UTR and IRES. (A) Zeta potential analysis. 1: VLPs; 2: VLPs-5'UTR,;
3: VLPs-IRES. (B) Particles size. (C) Gel retardation assay and nuclease digestion. 1: 2K marker; 2: VLPs-5'UTR; 3:
VLPs-IRES; 4: 2K marker; 5: RNase-treated VLPs-5'UTR; 6: RNase-treated VLPs-IRES.
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Fig. 3 Characterization of assembled product by size exclusion chromatography. (A) 146S. (B) VLPs. (C) VLPs-5'UTR.
(D) VLPs-IRES. (E) Statistic analysis of separation fraction. (F) The separation fraction verified by CD. (G-I) The
separation fraction verified by TEM ((G) 146S, (H) 75S, (1) 12S).

/N RNA R EFRHIEER 5 UTR Al R85 EE A
SCR O, HARRRAED - IR v B
A ) T4 R B g S R T i FMDV [ B
il Bt 5" UTR Ml IRES ELA AWk — S 45 A
FIFEARSESE, HILES: FMDV B B0 A B
5" UTR FlI IRES £ 2255 FMDV VLPs i {4k
AheH %% o I X VLPs. VLPs-5'UTR. VLPs-IRES
SRR IR 7/ E R SR VAN ( ERT SEW  IES
H] 5 UTR 1 IRES 5 VLPs dhai 2 | &1k
RIGIEW] 5 UTR 1 IRES J& 82 7E VLPs B
. SEC 4 4lifk VLPs \VLPs-5'UTR \VLPs-IRES
(R 2H 255 P 1 FL K 1% FMDV, MR SR 3k 1 (1465S)
) A B E T FMDV VLPs (A B, B

% : 010-64807509

SEC 7r B alifb il PIHUGE VLPs g (75S), 1o
RIKIE (12S) FIEpfAig (5S). X 4HEANUE P I
T TS 2420 v] LR B VLPs-5'UTR Fg 2 5
W) 75S I 128 W TET AL B al VILPs ZH2% (% 758 il
12S IETRIFR2E 30 % (P<0.001), 5 VLPs-IRES i
75S WG 2ZE R % (P<0.01); 1 VLPs-IRES 3:4H
eI 12S WAL S Hal VILPs Al VLPs-5'UTR
I B =Y 12S Y 06 T R 22 S A HL B
(P<0.000 1), iX 753Ut T FMDV H SRR B
5 UTR A F| ek (75S) FIHLRIK (12S)
MIZH%e, IRES A AT IR (12S) mdi%e.

£ VLPs 4ol v, JRiEn K e
1 AT LASE 2o 2% Fh AR R AR 5 S 4l 2, DT A B

EL: cjb@im.ac.cn



2082 ISSN 1000-3061 CN 11-1998/Q A4 T #£244f  Chin J Biotech

AR SERTEAR A VLPs, KRR F B W) E 25
DR R A e, ) LA e e 1 5 8 1 A
HAEMAMY, Hikd A A5 B 2 R 4R
BS54 WAV E R FERTI %R
AT VLPs 43, AMUREHE R VLPs 4]
I E SIS AT T NPT U A eI
[, JEM VLPs JER A 225, 5] A—2E RNA
B o 2% ERIE VLPs, 5] A DNA FBE i
HEIk VPSS, B H B i K B X IR 9 VLLPs 1
FNFIESWA ZS, Bk —a KEMZER B
B PILRL A . A OBy VPt

AW A= R A H FMDV A B R H Bt
5 UTR il IRES £k 2855 FMDV VLPs {4k
SRR FMDV [ B B 5 UTR
F1 IRES #5A F]F FMDV VLPs fy4H %% | iZ 8158 N
2 FMDV VLPs (RSN S R 41 o o g, A
I 5 B R ORI B (R HE ) AN

REFERENCES

[1] Gao Y, Sun SQ, Guo HC. Biological function of
Foot-and-mouth disease virus non-structural proteins
and non-coding elements. Virol J, 2016, 13(1): 107.

[2] Knowles NJ, Samuel AR. Molecular epidemiology
of foot-and-mouth disease virus. Virus Res, 2003,
91(1): 65-80.

[3] Jennings GT, Bachmann MF. The coming of age of
virus-like particle vaccines. Biol Chem, 2008,
389(5): 521-536.

[4] Jiang PF, Zhao QZ, Xie QG. The advances of
foot-and-mouth disease research. Sci Agric Sin,
1999, 32(6): 93-100 (in Chinese).

TEMGAE, BORAH, WIPCHE. DEER SR, thE
ey BE2#, 1999, 32(6): 93-100.

[5] Rolddo A, Mellado MCM, Castilho LR, et al.
Virus-like particles in vaccine development. Expert
Rev Vaccines, 2010, 9(10): 1149-1176.

[6] Plummer EM, Manchester M. Viral nanoparticles
and virus-like particles: platforms for contemporary
vaccine design. Wires Nanomed Nanobi, 2011, 3(2):

http://journals.im.ac.cn/cjbcn

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

174-196.

Ludwig C, Wagner R. Virus-like particles-universal
molecular toolboxes. Curr Opin Biotechnol, 2007,
18(6): 537-545.

Chackerian B. Virus-like particles: flexible platforms
for vaccine development. Expert Rev Vaccines, 2007,
6(3): 381-390.

Guo HC, Sun SQ, Jin Y, et al. Foot-and-mouth
disease virus-like particles produced by a SUMO
fusion protein system in Escherichia coli induce
potent protective immune responses in guinea pigs,
swine and cattle. Vet Res, 2013, 44: 48.
Cadena-Nava RD, Comas-Garcia M, Garmann RF,
et al. Self-assembly of viral capsid protein and RNA
molecules of different sizes: requirement for a
specific high protein/RNA mass ratio. J Virol, 2012,
86(6): 3318-3326.

van Rosmalen MGM, Li CL, Zlotnick A, et al.
Effect of dsDNA on the assembly pathway and
mechanical strength of SV40 VP1 virus-like
particles. Biophys J, 2018, 115(9): 1656-1665.
Garmann RF, Sportsman R, Beren C, et al. A Simple
RNA-DNA scaffold templates the assembly of
monofunctional virus-like particles. J Am Chem Soc,
2015, 137(24): 7584-7587.

Garmann RF, Comas-Garcia M, Gopal A, et al. The
assembly pathway of an icosahedral single-stranded
RNA Virus depends on the strength of inter-subunit
attractions. J Mol Biol, 2013, 426(5): 1050-1060.
Jiang P, Liu Y, Ma HC, et al. Picornavirus
morphogenesis. Mol Biol Rev, 2014, 78(3): 418-437.
Belsham GJ. Translation and replication of FMDV
RNA//Mahy BW, Ed. Foot-and-Mouth Disease Virus.
Berlin, Heidelberg: Springer, 2005, 288: 43-70.
Schneemann A. The structural and functional role of
RNA in icosahedral virus assembly. Annu Rev
Microbiol, 2006, 60(1): 51-67.

Sasaki J, Taniguchi K. The 5-end sequence of the
genome of Aichi virus, a picornavirus, contains an
element critical for viral RNA encapsidation. J Virol,
2003, 77(6): 3542-3548.

de Ruiter MV, van der Hee RM, Driessen AJM, et al.
Polymorphic assembly of virus-capsid proteins
around DNA and the cellular uptake of the resulting
particles. J Control Release, 2019, 307: 342-354.

(A3 % R T7)



