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ABSTRACT 

Foot and mouth disease virus (FMDV) causing infectious disease affects broadly cloven-
hoofed animals. It has 7 different serotypes. However, type O is the most prevalent in 3 founded 
types (O, A, Asia1) recurrence in Vietnam fields. The current vaccines used for FMDV is 
inactivated or attenuated forms. FMDV Vaccines were able to raise strong immune responses in 
host organisms, but still caused the safety concerns. Virus-like particles could be a new vaccine 
generation that fulfills the present questions. On the one hand, it can tackle the safety issues, on 
the other hand, it can reserve FMDV intrinsic form which will provoke high immunogenicity. 
The important initial step to make virus-like particles is expression of the capsid proteins of 
FMDV in appropriate system. So in this study we describe how to design, express and purify of 
all capsid proteins: VP0, VP1 and VP3 of O type FMDV isolated in Vietnam field using SUMO 
fusion expression system.  
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1. INTRODUCTION 

Foot and mouth disease (FMD) is endemic in many developing countries which mainly 
affects pigs, sheep, cattle and cloven-hoofed animals. FMD outbreaks cause huge economic 
losses through direct or indirect effects on agriculture, meat supply and tourism. Some big 
outbreaks were recorded around the world such as in the UK (2001), Italia (1993) or Taiwan 
(1997) [1]. In Vietnam, the FMD circulates every year mainly with O, A and Asia 1 types [2, 3]. 
Causative agent of FMD is FMD virus (FMDV) which exists at 7 types (O, A, C, Asia 1, SAT1, 
SAT2, SAT3) and more than 60 serotypes.  
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FMDV, like other Picornaviruses, is structured by a positive-sense, single RNA genome in 
length of 8,4 kb including 5’ untranslated region (5’UTR), 3’ untranslated region (3’UTR) and a 
long coding region encoded for a precursor polyprotein which is then processed by virus-code 
proteases to form structure and non-structure proteins necessary for virus propagation [4]. In 
stage of forming virion, RNA is surrounded by capsid proteins as a particle with the size in 
range of 25-30 nm. The capsid particle is composed of 60 copies of the protomers. Each 
protomer contains four structural proteins of VP1, VP2, VP3 and VP4, among which VP2 and 
VP4 were self-cleaved by VP0. While VP1, VP2 and VP3 are exposed on surface of the virus, 
VP4 is located internally. During viral maturation, 5 protomers are assembled into a pentamer, 
then 12 pentamers associate to each other to form a virus particle [5, 6]. 

Current FMD vaccines are produced by infecting baby hamster kidney-21 cells with 
virulent FMDV type. In some endemic areas, the vaccine commonly contains several types of 
virus selected from infected regions. Although the conventional inactivated FMDV vaccine 
shown effectively protect vaccinated animals in many areas, there are still some limitations and 
concerns of using conventional vaccine in emergency control programs. The FMD free countries 
seem do not welcome the use of inactivated vaccine due to the possibility of spreading waked 
virulent strains caused by any insufficient inactivation during vaccine production and 
vaccination [7]. On the another hand, the incapability of inducing sterile immunity (100% 
protection) may allow viral replication in the epithelial surface following live virus 
administration [8]. Besides, there are other important shortcomings of current inactivated 
vaccines, including short shelf life, the need for adequate cold chain of formulated vaccines, and 
difficulties of certain serotypes and subtypes to grow well in cell culture for vaccine 
production [9]. Many attempts are used as newly approaches to overcome the limitation of the 
conventional vaccines such as subunit or DNA vaccines which have been developed [1]. The 
most important FMDV antigen, VP1 containing neutralizing epitopes of the virus which was 
used for immunization [7, 10], and VP1 vaccine showed protection animal from viral challenge 
[11]. Furthermore, the IgG-based chimeric protein, FMDV immunodominant epitopes, FMDV 
proteins/peptides expressed in plants and T-cell epitopes also were used for immunization of 
different susceptible animals with limited success [1]. Other groups created virus-like particles 
(VLP) from either P1-2A-3C or VP0 and VP1-2A-VP3 combination, using baculovirus 
expression systems [12, 13]. Both cassettes could automatically be cleaved in several steps to 
form VP0, VP1 and VP3 and then self-assembled into VLP forms. To simplify VLP making 
procedures, in this study we designed and expressed VP0, VP1 and VP3 in E. coli cells 
separately under the control of the same T7 promotor. Moreover, the recombinant proteins were 
fusioned with SUMO (small-ubiquitin-related modifier) to enhance water solubility and post-
protein translation conformation [14]. Six (6) his-tag sequence was also added at the upstream of 
SUMO fusion protein. The purified intrinsic recombinant proteins (VP0, VP1 and VP3) could be 
harvested using homemade SUMO protease and Ni resin. Soluble purified VP0, VP1 and VP3 
are 3.fundamental step to form VLP particle. 

2. MATERIALS AND METHODS 

2.1. Materials 

FMDV cDNA extracted from swine sample were collected from the endemic FMD 
outbreak in 2013 in Hanoi, Vietnam. 
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2.2. Methods 

2.2.1. Design expression vector for VP0, VP1 and VP3 

In our previous work [15], we described successful cloning of  VP0, VP1 and VP3 from 
cDNA of Vietnam FMDV type O isolated in. Based on those sequences, 3 primer pairs for VP0, 
VP1 and VP3 with overhang restriction recognition sequences for SfoI and XhoI at both ends 
were designed. The primers parameters were calculated with support from IDT online software 
(USA). In addition, upstream primer was added GGC encoded for Glycine making recognition 
site for SUMO protease (Lys-Lys) at the end of the SUMO. Downstream primer was added stop 
codon TTA. Sticky-end PCR method was used to ligate PCR products into expression vectors 
(as demonstrated in Fig. 1) [16]. The desired sequences were amplified in two different reactions 
using two different primer pairs. The obtained PCR products were mixed, denatured at 95 oC for 
5 minutes and annealing at 65 oC for 10 minutes. Approximately 25 % of the final product 
carried desirable protruding ends and was ready for ligation. To increase ligation efficiency 
between PCR products and expression vectors, the kinase reaction was performed for 
phosphorylation of 5’-ends of the PCR products. The vectors pHD-Amp-RecA and pHD-Kan-
RecA were derived from pET32-Xa/LIC (Novagen) after some modifications. The expression 
vectors contain ampicilin or kanamycin resistant gene and encode for 6-His-SUMO-RecA fusion 
protein. Restriction sites for SfoI and XhoI were designed at two ends of RecA. RecA was then 
substituted by either VP0, VP3 or VP1 forming pHD-Amp-VP0, pHD-Amp-VP3 or pHD-Kan-
VP1, respectively. 

 

 

 

 

 

 

 

 

 

Figure 1. Vector construction for expression of FMDV capsid proteins: VP0, VP1 and VP3. 

Our previous work showed that VPs recombinant proteins have aggregated together when 
they were separately expressed (data not shown). So in this study, 3 VPs genes were expressed 
in the same cells, VP0 expression cassette from pHD-Amp-VP0 was first genetically subcloned 
into pHD-Amp-VP3 vector, named pHD-Amp-VP3-VP0. For this purpose, VP0 expression 
cassette was amplified by using two primer pairs VP0-trans-F1/R2 and VP0-trans-F2/R1 
overhanging ApaI and SphI (Tab. 1) using PCR sticky-end method. pHD-Kan-VP1 and pHD-
Amp-VP3-VP0 were simultaneously transformed into competent BL21 (DE3)-RIL E. coli cells 
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(Stratagen, USA) under the selection of Kan, Amp and chloramphenicol at final concentration of 
50, 100 and 34 µg/ml, respectively. 

Table 1. Primer sequences used for amplification of VP0, VP1, VP3 and VP0 expression cassettes. 

Sequence Name 

5’ ggcACCACCTCCACAGGTGAG 3’ VP1-F 

5’ g ttaCAAAAGCTGTTTCACAGGTG 3’ VP1-R1 

5’ tcgag ttaCAAAAGCTGTTTCACAGGTG 3’ VP1-R2 

5’ ggcAACACTGGGAGCATCATTAAC  3’ VP0-F 

5’ g ttaTTCCTTGGAAGGGAACTC  3’ VP0-R1 

5’ tcgag ttaTTCCTTGGAAGGGAACTC  3’ VP0-R2 

5’ ggc GGGATCTTTCCCGTGGCGTG 3’ VP3-F 

5’ g ttaCTGCGTGCGAGCGTCAAc 3’ VP3-R1 

5’ tcgag ttaCTGCGTGCGAGCGTCAAc 3’ VP3-R2 

5’ ggcccGGAATGGTGCATGCAAGGAG 3’ VP0-Trans-R1 

5’ cGGAATGGTGCATGCAAGGAG 3’ VP0-Trans-R2 

5’ catgcGAACGTGGCGAGAAAGGAAG 3’ VP0-Trans-F1 

5’ cGAACGTGGCGAGAAAGGAAG 3’ VP0-Trans-F2 

2.2.2. Expression and solubilization of recombinant fusion proteins 

Successful transformants were cultured in 2 ml LB broth containing Amp (100 µg/ml), Kan 
(50 µg/ml) and 1 % glucose in 37 oC, incubator at 200 rpm. 10 % overnight culture suspension 
was used to inoculate 50 ml fresh LB medium supplemented with antibiotics and 1 % glucose at 
37 oC. When OD600 reach value of 0.6, IPTG (isopropyl-b-D-thiogalactopyranoside) was added 
at 1 mM final concentration, whereas 1ml culture medium without IPTG was used as non-
induced control. Cells were continuously grown at 20 oC for 20 hours. After the induction, cell 
lysates were harvested by using centrifugator at 5000 rpm for 5 minutes at 4 oC. Cell walls were 
disrupted in lysis buffer added 0.3 mg/ml lysozyme (Sigma) for 30 minutes at 4 oC. Nuclei was 
continuously digested with benzonase (Invitrogen) for another 10 minutes and NaCl was 
adjusted to final concentration of 300 mM. The mixture was then sonicated 3 times, 10 seconds 
on/off and centrifuged at maximum speed at 4 oC. Supernatant was collected and analyzed on              
12 % SDS-PAGE. 

2.2.3. Protein purification and SUMO cleaving 

The Ni-NTA Protein Purification System (Qiagen) was used to purify SUMO fusion histag 
proteins. Soluble mixture proteins were mixed with Ni-NTA resin with agitation at 4 oC for 1 
hour. Mixture was went through equilibrated column. Flow-through solution was kept for 
affinity testing of the resin and recombinant proteins. Histag proteins binding to Ni resin were 
washed 3 times with NWB buffer pH 8 (20 mM Imidazole, 50 mM NaH2PO4.2H2O, 500 mM 
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NaCl) and eluted with NEB buffer (250  mM Imidazole, 50 mM NaH2PO4.2H2O, 500 mM 
NaCl). The flow-through solution was tested on 12 % SDS-PAGE. 

Purified home-made SUMO protease [14] expressed by E. coli was used to cleave His-
SUMO out of VP proteins (VP0, VP1 and VP3) at Lys-Lys site right before first amino acid 
codon of VP proteins resulting in authentic VP proteins. The reaction was carried on 4 oC for 4 
hours. Digested proteins were concentrated using Vivaspin 20 centrifugal concentrator (GE 
Healthcare, USA) to remove unwanted high molecular weight proteins.  

2.2.4. Western blotting 

Western blotting (immunoblotting) is a commonly used method to detect specific antigens 
by its polyclonal or monoclonal antibodies. In this study, Western blotting was used to detect 
FMDV. Proteins was used for gel electrophoretic separation on 10 % SDS-PAGE gels and 
transferred on to nitrocellulose or polyvinylidenedifluoride (PVDF) membrane by liquid blotting 
system (Invitrogen). Membrane was blocked with 5 % milk in PBS-T and then was incubated 
with anti-FMDV primary antibodies at 4 oC for overnight (1:1000). The membrane was washed 
4 times with PBS-T washing buffer. The membrane was next incubated with a secondary 
antibody conjugated with horseradish peroxidase (HRP) for 1 hour at RT (1:5000). After 
washing, luminescent substrate was added onto membrane to visualize the HRP activity. Signals 
released were detected on autoradiograph films. 

3. RESULTS AND DISCUSSION 

3.1. Design expression vectors for VP0, VP1 and VP3 

Three pairs PCR products of VP0, VP1 and VP3 with the length of ~ 861 bp, ~ 639 bp and 
~ 660 bp, respectively, were amplified using two separate PCR reactions with one forward 
primer and two reverse primers (Fig. 2, lane 1-6). In parallel, pHD-Amp-RecA and pHD-Kan-
RecA were digested by SfoI and XhoI and purified by gel extraction (Invitrogen) (Fig. 2, lane 7-
8). PCR products of each type were mixed and were 5’- end phosphorylated by T4 
polynucleotide kinase to enhance ligation efficiency. While pHD-Amp was ligated with VP0 and 
VP3, pHD-Kan was ligated with VP1. The ligation mixtures were then transformed into JM109 
competent cells. Colonies formed after overnight incubation were inoculated in LB medium 
containing Amp or Kan. Plasmid extraction and enzyme digestion were performed to confirm 
ligation process. Based on vector and gene sequences 2 restriction enzymes were picked which 
located on vector and the transgene. As shown in Fig. 2 (lane 9-26), all 6 randomly picked 
colonies brought suitable inserts of VP0, VP1 or VP3, with fragments with proper length after 
digestion with EcoRI. This enzyme (EcoRI ) has one cut on the inserts and one cut on the vector, 
so if cloning successful occurred, the digestion products would have 2 bands with the length of 
630 and 5830 bp for pHD-Kan-VP0 (lane 9-14), 369 and 5869 bp for pHD-Kan-VP1 (lane 15-
20) and 535 bp and 5875 bp for pHD-Kan-VP3 (lane 21-26). Moreover, plasmids containing 
VP0, VP1 and VP3 were sequenced and results confirmed the successful cloning of VP0, VP1 
and VP3 in expression vectors of pHD-Amp-VP0, pHD-Amp-VP3 and pHD-Kan-VP1 (data not 
shown). 
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Figure 2. Cloning expression vectors for VP0, VP1 and VP3. Lane 1-2, 3-4, 5-6 are PCR products of 
VP3, VP1 and VP0, respectively, using 2 primer pairs (primer F/R1 and primer F/R2). VP0, VP1, VP3 

were ligated into pHD-Amp (opened vector, lane 7) or pHD-Kan (opened vector, lane 8) then transformed 
into JM109 cells. Six clones of each transformation were selected for plasmid extraction and EcoRI 

digestion. Lane 9-14, 15-20, 21-26 are plasmid digestions of pHD-Amp-VP0, pHD-Kan-VP1 and pHD-
Amp-VP3. M is 1 kbp ladder marker (Invitrogen). 

Next, VP0 and VP3 expression cassettes were linked together in one expression vector 
(pHD-Amp-VP3-VP0). This step helps reducing one antibiotic selection and backbone-gene 
burden for next expression step. For that purpose, sticky-end PCR method was used to prepare 
inserts. Two PCR reactions used with VP0-trans-F1/R2 primer pair and VP0-trans-F12/R1 
primer pair to amplify VP0 expression cassette with the length of ~1.8 kbp (Fig. 3, lane 2-3). 
After 5’- end phosphorylation, denaturation and annealing, one fourth of the PCR mixture 
contained 2 suitable overhang of SphI and ApaI. Concurrently, pHD-Amp-VP3 was digested 
with SphI and ApaI and purified (Fig. 3, lane 1).  

 
Figure 3. Construction of pHD-Amp-VP3-VP0. VP0 expression cassette was amplified using 2 primer 

pairs VP0-Trans-F1/R2 (lane 2) and VP0-Trans-F2/R1 (lane 3). pHD-Amp-VP3 was digested with SphI 
and ApaI (lane 1). Ligation product was transformed into JM109 competent cells. Four colonies were 

picked and cultured for plasmid extraction. Plasmids were cut by XhoI and EcoRI (lane 4-7). M is 1 kb 
ladder (Invitrogen). 

Fragment about 6.5 kbp was extracted from agarose gel. The ligation of VP0 expression 
cassette and the vector fragment of pHD-Amp-VP3 was performed as described in method with 
the same procedure mentioned above. Ligation was transformed into JM109 competent cells. 
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Plasmid extraction and digestion with XhoI and EcoRI were analyzed on 1% agarose gel. As 
showed in Fig. 3 (lane 4-7), four randomly picked plasmids indicated as positive clones which 
were digested into 6 bands; 1 plasmid backbone (4924 bp) and 5 smaller fragments (879 bp, 630 
bp, 535 bp, 317 bp, 211 bp) as the same as the hypothetic analysis using Vector NTI software 
(the software analyze hypothetic digestion with indicated enzymes when was produced vector or 
gene sequences). 

3.2. Recombinant protein production 

Recombinant plasmids pHD-Amp-VP3-VP0 and pHD-Kan-VP1 were transformed into 
competent BL21 (DE3)-RIL E. coli cells. To express recombinant proteins, pHD-Amp-VP3-
VP0 and pHD-Kan-VP1 were transformed into competent BL21 (DE3)-RIL E. coli cells. Behind 
containing T7 polymerase, this type of cell also bring extra copies of the argU, ileY, 
and leuW tRNA genes. These genes encoded tRNAs that recognized the arginine codons AGA 
and AGG, the isoleucine codon AUA, and the leucine codon CUA, respectively. The Codon-
Plus-RIL strains encoded the tRNAs that most frequently restrict translation of heterologous 
proteins from organisms that have AT-rich genomes. For using this E. coli cell type, it will 
increase the expressing possibility of 3 transgenes: VP0, VP1 and VP3 which were derived from 
FMDV virus. 

As shown in Fig. 4, expressed VP0, VP1 and VP3 fusions were water soluble proteins. The 
obvious difference between induction and non-induction lanes was shown (lane I and lane S). 
The expression of VPs fusion proteins were demonstrated clearly after protein purification with 
the molecular weight of purified proteins were in the range from 45 to 52 kDa, conformity with 
predicted weights of 6His+SUMO+VP1, 6His+SUMO+VP3 and 6His+SUMO+VP0. Digestion 
of VPs fusion proteins with His-SUMO protease resulted in 3 lower bands with molecular 
weight of about 25 kDa, 28 kDa and 32 kDa in according with VP1, VP3 and VP0, respectively. 
Furthermore, two other digestive by-products were 6His-SUMO with molecular weight of 18 
kDa and His-SUMO protease with MW of 35 kDa seen on SDS-PAGE after digestion. 
Concurrently, the same protein amount with SDS-PAGE was set up for western blotting with 
FMDV polyclonal antibody. The results clearly indicated the shift of VPs-fusion to VPs after 
His-SUMO protease digestion (Fig. 4). VP0, VP1 and VP3 from SDS-PAGE were directly cut 
off for amino acid sequencing analysis using mass spectrometry (MS). The results which were 
compared to online database have confirmed the correct expression of recombinant proteins of 
FMDV type O (data not shown). This indicated the successful expression and purification of 
VP0, VP1 and VP3. The fusion purified VPs proteins produced from E. coli varied from 12 – 18 
mg/L culture medium, which is equivalent with a previous report, where the three VPs genes 
were expressed individually in three expression vectors [17]. Forming of VP0, VP1 and VP3 is 
inter-state of making virus virion in their natural life cycle. VP0, VP1 and VP3, cleaved from the 
P1 protein precursor, can remain associated in a protein complex and act as a monomer for the 
self-assembly of five monomers into the pentameric capsid subunit [18]. The study of FMDV 
structural proteins were mainly focused on VP1, the most important antigen among structure 
capsid proteins for immunization [10, 11, 19]. However, FMDV owns the ability to form empty 
capsids sharing the same antigenicity as natural form, but does not contain RNA [20]. Based on 
their natural ability, some research groups have succeed in genetic production of VLPs from 
baculovirus systems and test their immunity [12, 13, 21]. The initial results showed the vaccines 
protect tested animals from FMDV administration.  
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Figure 4. VPs production and immunoblotting. Three expression cassettes of VP0, VP1 and VP3 

was expressed in BL21 (DE3)-RIL cells under the control of T7 promotors and IPTG induction. After 20 
hours induction, the recombinant proteins were highly expressed (lane I). None-induction was showed as 
control (lane N). Proteins were tested for water solubility (lane S) and purified using Ni resin (lane P). VP 

fusion proteins were treated with SUMO protease to separate VPs and His-SUMO tag (lane D). The 
samples were loaded on 12% SDS-PAGE, stained with coomasie blue and recombinant proteins were 

detected by western blotting with FMDV polyclonal antibody. 

Bacterial expression systems, especially in E. coli take numerous advantages over other 
expression systems. Most recombinant proteins can be cloned and expressed in E.coli. The use 
of E.coli for protein expression is well documented for its advantages of low cost, easy 
transformation and fermentation, and high protein yields. However, solubility may be an issue, 
since some proteins are insoluble and aggregate in inclusion bodies [22]. So overcome those 
difficulties are the fundamental steps for making VLP vaccine. Some other reported the success 
of making VLPs of Porcine circovirus 2 [23], influenza virus [24],  hepatitis B [25], by using E. 
coli expression system. In this study, we shown that the recombinant proteins of FMDV can be 
expressed as the water soluble proteins, an important feature to form VLP lately. 

4. CONCLUSION 

Expression vectors pHD-Amp-VP0, pHD-Kan-VP1, pHD-Amp-VP3 and pHD-Amp-VP3-
VP0 were successfully designed and cloned in E. coli cells. Concurrently expression of pHD-
Kan-VP1 and pHD-Amp-VP3-VP0 were resulted in soluble proteins with the fusions of (6His-
SUMO-VP0, 6His-SUMO-VP1 and 6His-SUMO-VP3), with the expected molecular weight 
about 52, 48 and 45 kDa, respectively. The fusion proteins could be cleaved by His-SUMO 
protease to form 6His-SUMO and intrinsic VP0, VP1 and VP3. The result of immunoblotting 
showed that expressed protein VP0, VP1 and VP3 had molecular mass weight of 32 kDa, 28 
kDa and 25 kDa, respectively. 
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