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INTRODUCTION 

Rotavirus infection is the leading cause of severe 

diarrhea, responsible for approximately 200,000 deaths 

per year in children under five years of age worldwide 
(Tate et al., 2016a). A tetravalent rhesus-based live 

attenuated rotavirus vaccine (RotaShield) has been 

developed and introduced to the market in 1998, but 

one year later it was withdrawn because of association 

with increased risk of intussusception (CDC, 1999a; 

CDC, 1999b). Several years later, the new rotavirus 

vaccines (RotaTeq and Rotarix) have been developed 

and licensed. Both live attenuated vaccines were shown 

to be highly efficacious in preventing rotavirus 

gastroenteritis and safe in clinical trial (Vesikari et al., 

2006; Ruiz-Palacios et al., 2006). However, recent 
studies identified that these vaccines were also 

associated with small increased risk of intussusception 

in children 8 to 11 weeks (Tate et al., 2016b). 

 

DNA vaccine can be alternatives for rotavirus vaccine 

development to minimize the risk of intussusception. 

DNA vaccine is non-replicating vaccine that can induce 

both humoral and cellular immune responses (Kutzler 

et al., 2008). These vaccines have shown success in 

most animal studies, had good safety and tolerability 
profile in human (Kibuka et al., 2010; Liu, 2011). 

Several studies of rotavirus DNA vaccine development 

containing gene VP4, VP6, and VP7 from murine 

rotavirus have been done and shown promising 

(Herrmann et al., 1996; Chen et al., 1998; Herrmann et 

al., 1999; Yang et al., 2001). 

 

Rotaviruses are non-enveloped icosahedral virions, 

composed of three protein layers (Estes et al., 1989). 

Rotavirus genome made up of 11 segments of double 

stranded (ds) RNA, encoding 6 structural (VP) and 6 

non-structural (NSP) protein (Pesavento et al., 2006). 
VP6 is the major structural protein in rotavirus particles 

which plays a key role in the morphology of the virion 

by interacting with the outer layer and inner layer 

proteins (Pesavento et al., 2006). Interestingly, VP6 is 

antigenically conserved protein among group A 
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Abstract 
Rotavirus is common cause of severe diarrhea which responsible for 200,000 deaths of children per year. 
Several live attenuated rotavirus vaccines have been developed and licensed, but it is important to develop new 

generation of rotavirus vaccine with better safety. In this research, we developed rotavirus DNA vaccine 
candidate encoding immunogenic VP6 protein from human rotavirus RV4 (HRV-RV4 VP6). VP6 gene was 
amplified by reverse transcription polymerase chain reaction (RT-PCR) and inserted into pVAX1 vector. The 
resultant recombinant plasmid, pVAX1-VP6, was analyzed and transfected into mammalian cells. The results 
revealed that HRV-RV4 VP6 gene, encoding a protein of 397 amino acids, has high homology to VP6 protein of 
human rotavirus G1P[8]. Three point mutations were found (T246I, H316Y, and I385V) and predicted did not 
affect the three-dimensional (3D) structure of the HRV-RV4 VP6 protein. However, epitope analysis showed 
that these mutations might increase the antigenicity of HRV-RV4 VP6. Expression results confirmed that VP6 

was expressed since 24 hours after transfection in Vero cells. This study suggested that pVAX1-VP6 can be 
further developed as rotavirus DNA vaccine candidate because it contained potential epitopes and could be 
expressed in mammalian cells. 
 
Keywords: Rotavirus; DNA vaccine; VP6; Epitope. 
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rotaviruses, so thus VP6-based vaccines could 

potentially provide heterotypic protection (Chen et al., 

1998). 

 

In this study, we developed recombinant plasmid 

expressing VP6 protein derived from the human 

rotavirus strain RV4 (HRV-RV4) as rotavirus DNA 

vaccine candidate for human use. In silico analysis was 

performed to predict the structure and potential 
epitopes of VP6. Finally, in vitro study was conducted 

to analyze the capability of DNA vaccine candidate to 

be expressed in mammalian cells. 

MATERIALS AND METHODS 

Cell Culture and Virus Strai 

MA104 and Vero cells were grown at 37⁰C with 5% 

CO2 in Dulbecco’s modified Eagle’s medium (DMEM, 

Gibco) supplemented with 5% fetal bovine serum (FBS, 

Gibco). HRV-RV4 (provided by Bio Farma) was 

propagated in MA104 cell culture using serum free 

medium. The virus was pretreated with 10 μg/mL 

trypsin (Sigma) before added to the cells. The culture 

was incubated for 2 d and harvested by freezing and 
thawing, followed by centrifugation. Rotavirus RNA 

was isolated from culture supernatant using SV total 

RNA isolation system (Promega).  

 

 

Amplification of HRV-RV4 VP6 

A pair of PCR primer was designed according to the 

published sequence of the human rotavirus VP6 in 

GenBank (no. X57943.1). cDNA was generated by RT-

PCR that performed in a 50 μl mixture containing 1X 

AccessQuick master mix, 100 ng of each primer, 3 μl 

of extracted RNA, and 1 μl of AMV-reverse 

transcriptase (Promega). The reaction was run in a 

thermocycler with the following program: incubation at 

45⁰C for 45 min, 30 cycles composed of denaturation at 

94⁰C for 1 min, annealing at 45⁰C for 2 min, and 

extension at 72⁰C for 1 min. cDNA sequence was used 

for designing a new pair of PCR primer that will be 

used to clone the VP6 gene into pVAX1 plasmid. 

 

The re-amplification was performed in a 50 μl mixture 

containing 1X AccuPrime PCR buffer I, 50 pmol of 

each primer, 1 μl of DNA, and 0.5 μl of AccuPrime 

Taq high fideality (Invitrogen). The reaction was run in 

a thermocycler with the following program: 

denaturation at 94⁰C for 2 min, 30 cycles composed of 

denaturation at 94⁰C for 1 min, annealing at 56⁰C for 1 

min, and extension at 72⁰C for 1 min, and was ended 

with a final extension step of 7 min at 72⁰C. The 

amplified product was analyzed on 1.2% agarose gels 

stained with SYBR Safe DNA gel stain (Invitrogen) 

and purified by QIAquick gel extraction kit (Qiagen).  

Construction of Recombinant Plasmid 

pVAX1-VP6 

The cDNA encoding human rotavirus VP6 protein was 

inserted by cohesive-end ligation into EcoRV and XhoI 

sites of pVAX1 expression vector (Invitrogen). The 

recombinant plasmid, pVAX1-VP6, was transformed 

into Escherichia coli TOP10 by heat shock at 42⁰C for 

2 min. The transformed bacteria were plated onto LB 
plate with 50 μg/ml kanamycin for selection. Plasmids 

candidates were identified by PCR and sequencing.  

in Silico Analysis of HRV-RV4 VP6 

The HRV-RV4 VP6 gene and protein sequences were 

compared with VP6 gene and protein sequences 

available in the GenBank database using BLAST 

software. The three-dimensional structure of the HRV-
RV4 VP6 protein was predicted by SWISS-MODEL 

(Arnold et al., 2006; Guex et al., 2009; Kiefer et al., 

2009; Biasini et al., 2014). Visualization of the 

molecules were done using PyMOL. Epitope 

predictions (MHC-I and MHC-II binding predictions) 

were made by IEDB analysis resource (Nielsen et al., 

2003; Peters et al., 2005; Lundegaard et al., 2008; 

Sidney et al., 2008; Wang et al., 2008; Wang et al., 

2010; Kim et al., 2012; Andreatta et al., 2016) using 

allele from Austronesian ethnic (HLA-A*11:01, HLA-

B*15:02, HLA-DPA1*02:01/DPB*05:01, HLA-
DQA1*05:01/DQB*03:01, and HLA-DRB1*15:02). 

Protein docking prediction was created using ClusPro 

server (Comeau et al., 2004a; Comeau et al., 2004b; 

Kozakov et al., 2006; Kozakov et al., 2013).  

in Vitro Transfection and Expression of 

HRV-RV4 VP6 

pVAX1-VP6 plasmid was transfected into Vero cells in 

ordered to detect the mRNA and protein expression of 

VP6. Vero cells were cultured in a 96-well tissue 

culture plate until the cells reached approximately 70-

90% confluence. Plasmid DNA transfection was 

performed with Lipofectamine 3000 (Invitrogen) as 

specified by the manufacturer. Briefly, 0.1 μg of 

plasmid DNA was diluted with 5 μl OptiMEM 
containing 0.2 μl P3000 reagent. This master mix of 

DNA was added to 5 μl of OptiMEM medium 

containing 0.3 μl of Lipofectamine 3000 and incubated 

for 10 min at room temperature. DNA-liposome 

complexes were added to each well containing of Vero 

cell with 100 μl of OptiMEM. Transfected cells were 

incubated at 37⁰C, 5% CO2, for 24-120 h. For negative 

control, the same preparation was made but without 

addition of plasmid DNA. 
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Transcription analysis of VP6 gene was performed 

using RT-PCR. mRNA of Vero cells were isolated 

using SV total RNA isolation system (Promega). 

Amplification was performed in a 50 μl mixture 

containing 1X Super Script buffer, 50 pmol of each 

primer, 3 μl of RNA, and 1 μl of RT/Platinum Taq mix 
(Invitrogen). The reaction was run in a thermocycler 

with the following program: incubation at 45⁰C for 45 

min, 30 cycles composed of denaturation at 94⁰C for 1 

min, annealing at 56⁰C for 2 min, and extension at 

72⁰C for 1 min. The amplified product was analyzed on 

1.2% agarose gels stained with SYBR Safe DNA gel 

stain (Invitrogen). 

 

Expression of VP6 protein was identified by 
immunofluorescence. Transfected cells were washed 

with washing buffer (PBS containing 0.05% Tween 20). 

Cell fixation was performed by fixation solution 

(methanol-acetone) for 10-15 min at room temperature. 

Blocking solution (washing buffer containing 1% BSA) 

was added to each well and incubated for 2h at room 

temperature. First antibody (provided by Bio Farma) 

was added to each well and incubated for 1 h at room 

temperature. Cells were washed with washing buffer 

before addition of second antibody (Alexa Fluor 488 

goat anti-rabbit IgG, Invitrogen) followed by 
incubation for 1h at room temperature. Cells were 

washed with washing buffer before observed by 

fluorescence microscope.  

RESULTS 

Construction of Recombinant Plasmid 

pVAX1-VP6 

HRV-RV4 VP6 gene was amplified by PCR with the 

length of 1219 bp. VP6 gene was successfully inserted 

into pVAX1 (3000 bp) plasmid generated recombinant 

plasmid pVAX1-VP6 (4219 bp), indicated by PCR 

results (data not shown). The nucleotide sequence of 

the VP6 showed that the gene maintained in correct 

open reading frame encoding a protein of 397 amino 

acid.  

in Silico Analysis of HRV-RV4 VP6 

The nucleotide sequence of HRV-RV4 VP6 gene had 

98% homology to VP6 gene of human rotavirus (HRV) 

G1P[8] (GenBank no. JN258858.1) (data not shown). 

The amino acid sequence of HRV-RV4 VP6 protein 

showed 99% homology to VP6 protein of HRV-G1P[8] 

(GenBank no. AEK69541.1) (data not shown). The 

amino acid alignment result between HRV-RV4 VP6 

 
 

Figure 1: Amino acid alignment of HRV-RV4 VP6 and HRV-G1P[8] VP6 (GenBank no. AEK69541.1). Conserved histidine residue (His 153) 

was indicated by yellow color. Mutations were indicated by magenta color (T246I, H316Y, and I385V). 
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and HRV-G1P[8] VP6 showed 

that both protein had histidine 

residue at position 153 which 

strictly conserved among 

group A rotaviruses but not in 

other serogroups (Fig. 1) 

(Mathieu et al., 2001). This 

residue responsible for Zn+ 

binding, facilitated by a 
hydrogen bond between the Nδ 

of His 153 and the main chain 

carbonyl of residue 339 from 

adjacent subunit (Mathieu et 

al., 2009). The protein 

alignment results also showed 

that three point mutation was 

found in HRV-RV4 VP6 

protein (T246I, H316Y, and 

I385V) (Fig. 1). 

 

Three-dimensional (3D) 
structure of the HRV-RV4 

VP6 protein was predicted 

based on corresponding crystal structure of rotavirus 

bovine intermediated capsid protein VP6 (SMTL id. 

4v7q.1) (Fig. 2). The VP6 protein has two domains, B 

domain consist of eight -helixes and H domain consist 
of β-sheet (Mathieu et al., 2001; Pesavento et al., 2006). 

Based on 3D structure of HRV-RV4 VP6 protein, the 

mutations were located at B domain (I385V) and H 

domain (T246I and H316Y) (Fig. 2). These mutations 

were predicted did not give any changes on the 

structure of the VP6 protein (Fig. 2). 
 

Epitope prediction was conducted using IEDB software 

to identify the HRV-RV4 VP6 fragments which can 

bind to MHC-I and MHC-II molecules. The data 

showed that this protein has many potential epitopes 

(data not shown). The data also showed that all 

mutations which occurred at HRV-RV4 VP6 protein 

were located at epitope regions. This is silico result was 

in line with the previous in vivo analysis conducted by 

Choi et al. (2000), which showed T246I and I385V 

mutations were located at epitope regions (Choi et al., 

2000). However, different result was showed for 
H316Y mutation. This might caused by different allele 

which used on both research.  

  

Effect of mutations on VP6 protein antigenicity were 

predicted based on the percentile rank (PR) value. A 

small numbered PR indicates high affinity of the 

candidate epitopes to the allele. PR value showed that 

the mutation at position 246 gave the highest effect to 

the VP6 antigenicity (Table 1). This might caused by 

the different properties of threonine and isoluecine. 

 
Further study to identify the effect of the mutation to 

VP6 antigenicity was done by docking analysis (Fig. 3). 

Docking prediction of HLA-A*11:01 (receptor) with 

VP6244-252 epitope (ligand) showed that the third residue 

(P3) of the ligand was crucial for epitope binding. P3 is 

one of the anchors that will bind to HLA-A*11:01. 

Binding probability of the epitopes will increase if P3 is 

the hidrophobic residue (Leu, Phe, Try, Ile, or Ala) 

(Chujoh et al., 1998). So that, VP6244-252 HRV-RV4 

which has Ile at P3 position has better binding 

probability to HLA-A*11:01, compared with VP6244-252 
HRV-G1P[8] which has Thr (polar residue) at P3 

position. Ile was predicted will interact with 

hidrophobic residue Val67 that located at binding 

region of HLA-A*11:01 (Fig. 3). These results 

suggested that the mutations might increase the 

antigenicity of HRV-RV4 VP6.  

Expression of HRV-RV4 VP6 in Vero Cells 

pVAX1-VP6 expression analysis performed by seeing 

the presence of VP6 mRNA and VP6 protein for 120 h. 

The results showed that the transcription of VP6 gene 

was detected since 24 h post-transfection (Fig. 4), 

indicated by single band with 1219 bp in size, which 

corresponds to the size of VP6 gene. 

 

VP6 transcription will occurred if pVAX1-VP6 

plasmid can pass through the nuclear membrane and 

enter the nucleus of transfected Vero cells. The plasmid 

entry into the nucleus of dividing cells was facilitated 
by the reorganization of the nuclear membrane when 

mitosis occured (Dean et al., 2005). Another researchs 

showed that plasmid entry into the cell nucleus could 

be facilitated by lipoplex. Fusion of lipopex with 

nuclear membrane will initiates release of the plasmid 

into the nucleus (Kamiya et al., 2002; Khalil et al., 

2006). 

 
Figure 2. 3D structure prediction of HRV VP6. (A) Structure of HRV-RV4 VP6. (B) Structure of HRV-

G1P[8] VP6 (GenBank no. AEK69541.1 VP6). 
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The results also showed that VP6 protein production 

had been occurred since 24 h post-transfection, 

indicated by fluorescence cells (Fig. 4). The previous 

research conducted by Ljungberg et al. (2007), which 
using the same expression vector (pVAX1-GFP), also 

showed that GFP protein expression was detected since 

18-24 h post-transfection. Protein expression reached 

the peak after 48 h post-transfection, but then decreased 

gradually (Ljungberg et al., 2007). 

 

The immunofluorescence assay results showed that 

production of VP6 protein decreased gradually and 

only small number of fluorescence cells were detected 

after 120 h post-transfection (Fig. 4). VP6 gene 

expression is determined by the number of pVAX1-
VP6 which internalized into the cell, because pVAX1 is 

not designed to replicate in mammalian cells and do not 

integrate with host cell chromosome. Protein 

production reduction can also caused by the death of 

transfectant and the half-life of the plasmid (Weiss et 

al., 2012). The half-life of DNA plasmid in the 

cytoplasm is about 90 minutes (Weiss et al., 2012). 

DNA in the cytoplasm can not survive for a long time 

because it can be degraded by cytosolic nuclease 

(Weiss et al., 2012).  

CONCLUSION 

Recombinant plasmid expressing VP6 protein derived 

from HRV-RV4 (pVAX1-VP6) has been successfully 

constructed. This protein 

shared high homology with 

VP6 protein of HRV-G1P[8] 

(GenBank no. AEK69541.1), 

but three point mutation was 

identified (T246I, H316Y, and 

I385V). These mutations were 

predicted did not effect the 3D 

structure of the VP6 protein, 
but it might increased the 

antigenicity of VP6. Expression 

results confirmed that pVAX1-

VP6 could be expressed in 

mamalian cells. All these data 

suggested that pVAX1-VP6 

can be further developed as a 

DNA vaccine candidate against 

rotavirus.  
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