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INTRODUCTION 
 
Influenza A virus is a member of the Orthomyxoviridae family 
[1]. It is an enveloped virus and contains a genome composed 
of eight negative single-stranded RNA segments (ssRNA)
Haemagglutinin (HA) and neuraminidase are
glycoproteins of influenza A that are targeted and detected by 
antibodies [1]. The influenza virus offers several advantages as 
an antigen delivery vector, including safety profiles and the 
virus’s ability to induce strong cellular and humoural immune 
responses [2, 3]. HA is a primary immune target structure for 
inducing protective immunity [4, 5]. It is composed of three 
identical monomers that form a cylindrical shape 
2002). Each HA monomer (mature HA) consists of HA1 and 
HA2 subunits. The HA1 subunit represents the globular head, 
and it incorporates specific antigenic domains targeted by 
antibodies [3, 7, 8]. These domains are antigenically 
and mutations within these sites that accumulate over time 
result in the antigenic drift of influenza viruses [9, 10]. Foreign 
epitopes have been inserted within or near these different 
antigenic sites for immunological analysis 
protein is a suitable candidate for epitope insertion,
contains five antigenic sites, and more importantly, these sites 
can tolerate the insertion of foreign sequences without 
disturbing the overall function and structure of the generated 
recombinant HA [5, 15]. This is because these antigenic sites 
do not have conserved amino acid  sequences 
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ABSTRACT 

Evaluating the conformational changes of a modified viral protein could be the first step in generating 
a successful stable recombinant virus. This study demonstrates the effect of a small epitope addition 
into the haemagglutinin (HA) protein of theH1N1 influenza virus, which was compared with the 

type protein. A hexahistindine (His6) tag was inserted intoa selected 
thehaemagglutininHA1 subunit of the A/Puerto Rico/8/34 influenza virus.
of the recombinant HA protein, a molecular dynamics (MD) simulation was used for the His
protein and for the wild-type HA protein under physiological conditions.
trajectories showed no significant differencein terms of stability between both systems after 100 
nanoseconds of the MD simulation. The His6 tag influenza virus was then successfully generated 
using the helper virus-based method. The recombinant mRNA was positively detected amongst the 

type virus population after three passages of the polymerase chain reaction (PCR) detection 
method. Our findings indicate that addition of a small epitope is less lik
infectivity for up to several rounds. Finally, an affinity purification trial resulted in an eluted sample 
with a low virus amount, which most likely represents the isolated His
investigation is required.  
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influenza A virus strains [15].
evaluating the conformational changes of the modified viral 
protein can be the first step for predicting a successful stable 
recombinant virus. In this study, a His tag was inserted in a 
selected antigenic site of the HA. Using a molecular dynamics 
(MD) simulation, the stability of the recombinant HA was 
evaluated by comparing it to the 
HA. MD is a powerful tool for providing information about 
protein stability, folding and conformational changes at the 
atomic level, as this information is difficult to obtain through 
experimentation [16-18]. The main purpos
MD simulation was to investigate 
difference between the modified HA and the wt HAin term of 
stability at physiological conditions.
attempted to generate an influenza virus incorporating
tag and examined the persistence of the recombinant virus 
among the wt virus by performing several passages. Influenza 
virus replication occurs in the infected cell nucleus, and it 
results in synthesis of new copies of viral proteins and genes 
[19]. During the assembly step of progeny virions, the 
packaging of viral genomes must be selected from a large pool 
of viral and host genetic materials [19, 20]. The packaging 
process involves recognition and selection by a 
signal or so-called “packaging signals”, which are believed to 
exist in the coding and non-coding regions of each of the viral 
RNAs [19, 21]. One factor that could affect the segment
specific packaging signals is mutation, and therefore, the 
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vRNA may not be selected for virion packaging [22]. Thus, we 
have examined if the HA incorporating a His tag would still be 
selected and incorporated into progeny virions along with the 
remaining vRNAs. Here, we have demonstrated the effect of 
His6 tag insertion on the stability of the HA protein using an 
MD simulation. Then, we generated a His tagged influenza 
virus using the helper virus-based method, and investigated the 
possibility of the chimeric HA to be continually packaged into 
progeny virions with the existence of the wt HA during virus 
propagation. Finally, we examined the possibility of isolating 
the His tagged virus by affinity purification.  

 
MATERIALS AND METHODS 
 
His tag insertion to HA protein: The HA protein used was 
the A/Puerto Rico/8/34 (H1N1) influenza virus (PR8). The 
nucleotide and amino acid sequences of the HA gene from PR8 
in the mRNA sense were obtained from the NCBI sequence 
database (Gene Bank accession no. EF467821.1). DNA 
encoding the His6 tag caccaccaccaccaccac was added after 
S158. To gain insight into the His tag location, a structure 
model for HA-His6 was built using the Swiss-Model 
Workspace [23]. The generated structure model was visualized 
using Visual Molecular Dynamics software (VMD) [24]. The 
I-TASSER approach was then used to analyse selected profiles 
of the predicted secondary structure [25, 26]. 

 
Molecular dynamics simulation: Many aspects of 
biomolecular structure, such as protein stability, folding and 
conformational changes, can be revealed by studying their 
internal motion [16]. Obtaining dynamic information about, 
not simply the static structure of, a protein of interest should be 
considered when analysing the effect of the addition of a 
foreign epitope to a particular protein [27]. An MD simulation 
was performedat physiological conditions to compare the 
stability of the HA after the poly-His tag addition to the 
stability of the wild-type. The simulation system used was the 
classical MD with GROMACS version 4.6.3, and the 
CHARMM36 force field was used to perform the calculations 
required to build the simulation system. Both proteins, HA-
His6 and wt HA, were simulated at 310 K for 100 ns. 
Therefore, two sets of trajectories were obtained using 
GROMACS. Before the simulations were run, a cubic water 
box was constructed with selected proportions to solvate the 
proteins. Water molecules were gradually added in the box 
until the water density reached ~1.0 g/cm3and the models were 
covered. Counter ions (Cl-) were then added to neutralize the 
system. Afterward, the Steepest Descent energy minimization 
method was performed to reach the lowest possible local 
energy point. The system was equilibrated using a Bussi 
coupling thermostat and Parrinello-Rahman coupling 
barostateto maintain the temperature at 310 K and pressure at 
1atm [28, 29]. Time steps of 2 ps were used to integrate the 
equation of motion, and the simulation was updated every 10 
steps. At the end of the simulation, the stability of the His tag 
HA protein was compared to that of the wtHA protein by 
analysing the MD trajectories. 

 
Construction of the plasmid: The cDNA sequence encoding 
the His tagged viral RNA of the PR8 virus was inserted in the 
antisense orientation [30] between the canine RNA polymerase 
I promoter [31] and the mouse RNA polymerase I terminator 
[32, 33] sequences. The coding sequence of the designated 
HA-His6 pol I construct was generated synthetically 

(Genscript). The construct was cloned into the pRNA-
CMV3.1/Neo plasmid vector (Genescript) using the restriction 
sites NdeI and HindIII. Accordingly, these restriction enzyme 
sites were included in the HA-His6 pol I construct at the 5` and 
3` ends. The constructed plasmid will be referred to as 
pCDNA/HAPR8-His6 pol I. 
 
Cells and virus: Madin Darby Canine Kidney cells (MDCK, 
Sigma-Aldrich, Germany) were used for the propagation of the 
PR8 virus and for the transfection and generation of the 
recombinant influenza virus. MDCK cells were maintained in 
Dulbecco’s modified Eagle medium (DMEM, Gibco, USA) 
supplemented with 10% foetal bovine serum (FBS, Gibco) 
and100 U/mlpenicillin-streptomycin. Cells were incubated at 
37°C with 5% CO2 in a humidified incubator. For propagating 
the PR8 virus,the cell growth culture medium was replaced 
with a virus growth medium (VGM). The VGM consisted of 
DMEM supplemented with 0.2% BSA (bovine albumin 
fraction V 7.5%, Gibco, USA), 2 μg/mL TPCK-trypsin 
(Sigma-Aldrich, Germany) and 100 U/ml penicillin-
streptomycin. Cells were infected with 1:1000 diluted virus 
stock (original HA titre = 6400) afterreaching approximately 
80% confluence. Cells were incubated for up to 4 days at 37°C 
with regular observation for the cytopathic effect (CPE). The 
culture medium of the infected cells was then harvested and 
centrifuged at 3,000 x gfor 3 min to remove cell debris. Virus 
purification was performed with ultracentrifugation for 2 h 
(28,000 x g at 4°C in an Optima L-80 XP Beckman rotorTi-41) 
through a 20% sucrose cushion. The virus pellet was 
resuspended in 20 μL TNE buffer (50 mMTris, 140 mMNaCl, 
5 mM EDTA) after removing the medium and sucrose cushion.  
 
Production of recombinant influenza virus: pCDNA/ 
HAPR8-His6 pol I plasmid was transfected into the MDCK 
cells using the lipofectamine® 2000 transfection reagent 
(Invitrogen, USA). Briefly, 5 x 104 MDCK cells were seeded 
in a 24-well tissue culture plate so that the cells were 
approximately 90% confluent at the time of transfection. Cells 
were maintained in anantibiotic free DMEM medium 
supplemented with 10% FBS and were incubated at 37°C with 
5% CO2. After 24 h, the cell culture medium was replaced with 
a serum-free medium. In all, 0.8 μg of plasmid DNA and 2 μl 
of the transfection reagent were diluted in 50 μL of Opti-
MEM® (Gibco, USA) separately and incubated for five 
minutes at RT. Then, the two mixtures were combined and 
incubated for a further 20 min at RT. The transfected cells 
were incubated for 24 h at 37°C with 5% CO2. For co-infection 
with the PR8 helper virus, the cell culture media was replaced 
with VGM without antibiotics. Cells were infected with the 
helper PR8 virus (wild-type PR8) at MOI 0.1 and incubated for 
48 hours at 37°C with 5% CO2. The culture medium was then 
transferred into 75 cm2 tissue culture flasks previously seeded 
with cells to obtain a higher virus titre. Flasks were incubated 
for up to four days or until the maximum CPE was observed. 
Subsequently, virus purification through a 20% sucrose 
cushion and haemagglutination assay [34] were performed.  
 
Persistence of the recombinant virus among the wild-type 
virus: The ability of the His tagged virus to persist with the 
wild-type virus was investigated. The generated virus mixture 
(recombinant and wt viruses) from the reverse genetics (Caton 
and Browniee) was passaged for three rounds. The virus re-
propagation was performed in MDCK cells as described 
previously. The presence of the recombinant virus was 
confirmed by RT-PCR as described in the following section. 
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RT-PCR amplification of the recombinant HA segment: 
Total RNA of the PR8 virus was extracted using “Isolate II 
RNA Mini kit” (Bioline, Australia) according to the 
manufacturer’s instruction. Three viral samples were used for 
the RNA extraction: the wt PR8, the virus mixture generated 
from RG and the fourth-generation virus mixture propagated 
from RG. Reverse transcription was carried out using the 
Thermoscript RT-PCR system (Invitrogen, USA). Briefly, 9 
μL of extracted RNA (between 100 to 350ng) was mixed with 
1 μLoligo (dt)20, 2 μL of 10 mMdNTP mix to a final volume of 
12 μL. The RNA was denatured by incubating at 65°C for five 
minutes. A master mix was then prepared and was mixed with 
the previous reaction according to the manufacturer’s 
instruction. The cDNA was synthesised at 50°C for 50 min, 
and the reaction was terminated at 85°C for 5 min. The PCR 
reaction was performed by adding 1-3 μLcDNA (<200 ng) to a 
reaction mixture containing 12.5 μLof Go Taq® Green Master 
Mix (1x, Promega, USA) and 1 μL of each primer (0.4 μm): 
His6 forward CACCACCACCACCACCACAGT and His6 
reverse CCTCCCAGCTTGATCTCTTACTTTG. The final 
reaction volume was adjusted to 25 μL by adding Nuclease-
free water. The amplification was performed on a G-Storm 
GS1 Thermo cycler (G-Storm, UK). After initial denaturation 
at 95°C for 1 min, the reactions were cycled 35 times at 
95°C/15 sec for denaturation, 55°C/15 sec for annealing and 
72°C/15 sec for elongation. The obtained PCR fragment was 
analysed on a 1.5% agarose gel stained with ethidium bromide. 
 
Batch affinity isolation: In all, 150 μL of pre-charged 50% 
Ni-NTA agarose (Invitrogen, USA) was loaded into a 
microcentrifuge tube. The resin was washed twice with 20 mM 
binding buffer [0.50 mL 2 M imidazole, pH 7.4 (GE 
Healthcare, Sweden); 6.25 mL of phosphate buffer stock 
solution (PBS), pH 7.4 (GE Healthcare, Sweden); and up to 50 
mL of dH2O] and was centrifuged for 3 min at high speed. A 
total of 100 μL of the purified virus sample (generated from 
RG) was diluted with 100 μL of 20 mM binding buffer and 
was added to the resin. The virus-resin mixture was incubated 
for two hours at 4°C with agitation. The mixture was then 
centrifuged at high speed for 2 min, and the supernatant was 
removed and saved for analysis.  Then, 75 μL of 50 mM 
washing buffer [1.25 mL of 2 M imidazole, pH 7.4 (GE 
Healthcare, Sweden); 6.25 mL of PBS, pH 7.4; and up to 50 
mL dH2O] was added and centrifuged for 1 min at high speed. 
The washing step was repeated three times and the washed 
solution was saved for analysis. Finally, a 50 μL of 500 mM 
elution buffer [12.50 mL of 2 M imidazole, pH 7.4; 6.25 mL of 
PBS, pH 7.4; and up to 50 mL of dH2O] was added and 
incubated for five minutes at RT. The tube was centrifuged at 
high speed for one minute, and the supernatant (eluted sample) 
was collected. Samples were loaded into 12% polyacrylamide 
gels and stained with Acqua Stain (Bulldog Bio Inc., USA).  

 
RESULTS 

 
HA-His6 protein structure model: The structure of the wt 
HA (before His6 addition) and HA-His6 were obtained (Fig. 1). 
HA is a homotrimer, and each monomer consists of two 
subunits: HA1 and HA2 (blue and red structures in Fig. 1 
respectively). The His6insertion site is located within an 
external loop of the HA1 subunit. The addition of the His tag 
formed a coiled secondary structure between S158 and S159 
(Fig. 1A), with a confidence score ranging between 5 and 7 
predicted by the I-TASSER server (data not shown). 

Moreover, the B-factor profile (BFP, or so called normalized 
B-factor) was obtained using I-TASSER. It is an important 
indicator of the protein’s structure, and indicates its dynamics 
and flexibility [35]. Residues with negative or close to zero 
BFP values are often structurally more stable, whereas BSP 
values higher than zero are more flexible [26, 36]. BFPs for 
amino acids (Fig. 2) 158-165 from the His tagged protein were 
predicted as follows: 0.86, 1.49, 2.51, 1.77, 1.76, 0.64, 0.10, 
and -0.52, respectively [36].  
 
Molecular dynamics trajectory analysis: As seen from 
observation of the overall behaviour of the wt and recombinant 
HA proteins, addition of the His tag did not affect the general 
HA structure (with respect to the observed motion). The 
trajectories were analysed using VMD [24]. To investigate the 
protein mobility and the associated changes, root mean square 
fluctuations (RMSFs) for all side chain atoms of each residue 
were calculated. RMSFs of the average atomic mobility for the 
His6-HA and wt HA are shown in Fig. 3. RMSFs fluctuated in 
a similar manner for both HAs. However, the His6-HA had 
slightly larger RMSF values than the wt HA. Residues around 
the His6 (residues 157 and 177) had relatively larger RMSF 
values than the other domains. The root mean square deviation 
(RMSD) is a commonly used quantitative measure for the 
conformational similarity and stability between two or more 
related protein structures [37, 38]. RMSD plots were calculated 
during the course of the MD simulation and the stability of the 
simulation was evaluated based on the RMSD. The RMSD 
plots of the trajectories of the HA-His6 (red curve) and the wt 
HA (blue curve) are illustrated in Fig. 3. The plots show a 
moving average of 100 ns to allow for effective assessment of 
the overall trends between the two systems. RMSD was 
performed on the backbone atoms of the entire HA molecule 
for both systems. Within the first few nanoseconds, a quick 
RMSD jump was observed, which was due to the initial 
relaxed condition of the starting model. RMSD for the HA-
His6 was slightly smaller than that of the wt HA system. With 
both systems, a relatively small fluctuation in RMSD values 
was observed, and the trajectories stabilized over the time 
course. Both systems had reached equilibrium after 80 ns and 
became stable with a RMSD value of ~5 Å.  

 

 
 

Figure 1. Structure of HA protein with one monomer highlighted 
in colours. The HA1 and HA2 subunits are represented with 
structures coloured blue and red respectively. A) HA protein 
before His6 addition. The selected insertion site is between S158 
(cyan bead) and S159 (magenta bead). B) HA protein after His6 

addition. The His tag is represented as the coil structure coloured 
by yellow 
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HA-His6 encoding vector: The designed HA-His6 pol I 
construct is illustrated in Fig. 4A. The His tag was inserted 
within the HA1 subunit of the HA (represented by red bar and 
nucleotide sequence). The pRNA-CMV3.1/Neo plasmid vector 
that was used for cloning the synthesised HA-His6 pol I 
construct has the CMV promoter. Part of this promoter was 
substituted by the cloned construct, and therefore, it was 
inactivated (Fig. 4B). The final constructed plasmid, 
pCDNA/HAPR8-His6 pol I that was used for generating the 
recombinant influenza virus is shown in Fig. 4C. The correct 
insert was confirmed by digesting the plasmid with NdeI and 
Hind III restriction enzymes (result not shown). The expected 
fragment sizes for the digested DNA were 4783 bp and 2450 
bp. 

 
Generation of the recombinant influenza virus 
incorporating a His tag: After 48 hours from infection with 
the helper virus, CPE was observed on more than 80% of the 
MDCK cells (typical CPE by influenza viruses include 
rounding up and detachment of infected cells from the tissue 
culture plate). The culture media of the infected cells was 
passaged from the cell culture well into a 75 cm2 tissue culture 
flask. Four days later, approximately 80% of the cells showed 
CPE. The titre obtained for the purified virus sample using the 
haemagglutination assay was 1600, and the HA titre for the 
virus sample that was propagated after three passage rounds 
was 1600. The presence of the His tagged virus was confirmed 
by RT-PCR. The expected size of the amplified region 
containing the His tag was 269 bp. From the PCR results 
shown in Fig. 5, presence of the recombinant viral mRNA was 
successfully observed. The correct bandsize was only 
visualized on the agarose gel with the virus samples that were 
expected to contain the generated His tagged virus (virus 
produced from the RG with the helper virus and the virus 
produced from the RG were passaged for three rounds). 
 

 
 

Figure 2. B-factor profile (BFP) predicted by I-TASSER server. 
A) BFP for the wt HA protein. B) BFP for the His6-HA protein. 
The two serine amino acids (S158 and S 159) before the 6 x His tag 
addition and after the 6x His tag addition are indicated with the 
orange box. 
 
Isolation of the His tag virus by batch purification: The 
supernatant that was separated from incubation of the virus-
resin mixture, the solution saved from all three washing steps 
and the eluted sample were loaded into a 12% SDS gel. After 
protein separation (Fig. 6), the viral protein bands from the 
supernatant sample were the highest in intensity compared to 
the other samples (with exception to the virus sample loaded as 
a control). The band intensity indicates the quantity of the viral 
proteins available within the loaded sample, hence, the amount 
of the virus.  

 
(a) 

 

 
(b) 

 

Figure 3. Comparison of the His6-HA and wt HA proteins by 
molecular dynamics simulation.A) RMSF for all the side-chain 
atoms of the wt HA system (blue) and the His6-HA system (red). 
B) RMSD for all backbone atoms of the wt HA system (blue) and 
the His6-HA system (red) 
 

 
 

Figure 4. Construction of the pCDNA/HAPR8-His6 pol I plasmid 
used to generate the recombinant influenza virus.A) Schematic 
presentation of the HA-His6 pol I construct. cDNA encoding the 
recombinant HA is in the antisense orientation between the 
canine pol I promoter (Pol I) and the mouse pol I terminator (T). 
The nucleotide sequence in red represents the His tag. 
Cytoplasmic tail (CT), signal peptide (SP).B)The pRNA-
CMV3.1/Neo plasmid used for cloning the HA-His6 pol I 
construct with NdeI and HindIII sites. C) ThepCDNA/HAPR8-
His6 pol I plasmid containing the HA-His6 pol I construct. 
 
The virus quantity decreased with the three washes and had 
almost disappeared in the third wash. With the eluted virus 
sample, faint bands for the viral proteins were observed, which 
most likely represents the isolated His tagged virus. 
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Figure 5. RT-PCR detection of the His tagged influenza virus. 
The region containing the His6 tag of the recombinant mRNA was 
amplified using specific primers.The size of the expected 
amplified region is 269 bp.The bands marked with the red box 
represent the correct amplified size within the examined virus 
samples. Lane 1: virus generated from the RG with the helper 
PR8 virus, lane 2: virus produced from RG and passaged for 
three rounds, lane 3: wild-type PR8 virus (-ve), lane 4: water, lane 
5: pCDNA/HAPR8-His6 pol I plasmid, lane 6: Hyperladder™ II 
marker. 
 

 
 

* Protein band assignments based on literature data [7, 39-43]. 

 
Figure 6. Influenza virus proteins separated with SDS-PAGE 
after affinity batch purification. Virus samples contained a 
combination of wild-type PR8 and His tagged PR8 viruses 
(obtained from the RG experiment) and were loaded into a 12% 
polyacrylamide gel and stained with Coomassie instant staining. 
The protein bands marked with the red box may represent 
uncleaved HA0 (~ 75 kDa*), NP (~ 60 kDa*) and HA1 (~ 42-46 
kDa*) and HA2 (27 kDa*) subunits. Lane 1: protein marker. 
Lane 2:  virus samples from reverse genetics experiment (before 
batch purification), lane 3:  eluted sample, lane 4: supernatant 
sample after virus incubation with the resin, lane 5:  1st washed 
sample, lane 6:  2nd washed sample, lane 7:  3rd washed sample. 
 
DISCUSSION 
 
Advances in the fields of genetic engineering and molecular 
biology have enabled the development of live vector vaccines 
[44]. Influenza viral vectors offer many advantages as a 
vaccine delivery vehicle, such as the ability to induce strong 

immune responses [2]. The licensed influenza vaccine strains 
provide a major advantage, as they can serve as a safe vaccine 
delivery vector [2]. Predicting the stability of an influenza 
virus incorporating a foreign insert can significantly assist with 
designing and then producing a genetically stable recombinant 
virus. In this study, we investigated the stability of HA 
incorporating a His6 tag and compared the structural variation 
with the wt HA using MD simulation. Later, we 
experimentally generated a recombinant influenza virus and 
examined its ability to persist during virus propagation along 
with the wt virus. The S158 amino acid residue that was 
selected for insertion of the His6 tag has been identified within 
the Ca2 antigenic region of H1 subtype of viruses, which is 
known to be from the accessible hypervariable region [7, 45]. 
Many studies have revealed that most of the antigenic epitopes 
contain highly flexible, protruding loops, and shape changing 
might not alter the virus stability, with the exception of the 
antigenic sites Ca1 and [46, 47]. As shown in Fig. 1, 
His6addition resulted in a protruded structure between S185 
and S159 based on the Swiss-Model prediction.To undertake 
flexibility prediction, we used the I-TASSER server for 
predicting the BFP. The BFP prediction uses a combination of 
template-based assignment, protein structure and sequence 
profiles [48].  
 
The BFP scores suggest that the His tag region was slightly 
more flexible (less stable) when compared to the overall 
predicted normalized B-factor for the HA structure (Fig. 2). 
The highest score predicted was 2.51 and that was for H160. 
As a comparison, the scores obtained for S158 and S159 were 
0.15 and -0.37, respectively,before addition of the His tag, and 
these scores changed to 0.86 and -0.52, respectively, with the 
His tag addition. Analysis of the scores obtained for both 
generated systemsindicates that the changes caused byaddition 
of the His tag to the flexibility of the HA structure, particularly 
the His6 region, werenot consideredto be significant. To 
determine whether the addition of a foreign epitope (His6) 
could affect the dynamic behaviour of HA, RMSF were 
analysed. The RMSF values obtained (Fig. 3) indicate that the 
addition of His6 made the HA protein somewhat more flexible 
than the wt HA. Moreover, the fluctuating magnitudes for 
some of the residues in the His tag region were largerthan 
others within the His6-HA protein. This was in agreement with 
the BFP scores predicted for this modified region.RMSD is 
one of the key parameters used to predict and evaluate the 
stability of proteins [27]. As seen in Fig. 3, RMSD trajectory 
values for the His6-HA between 10 ns and 80 ns were slightly 
lower than that of the wt HA. This suggests that His6-HA was 
more stable than the wt HA at the start of the simulation time 
period. Overall, there were no significant differences between 
the His6-HA and wt HA systems in terms of stability and 
conformational changes. Previous experimental studies showed 
that expression of foreign peptides, as part of the viral protein, 
did not affect viral infectivity [11, 12, 21, 49]. Our 
computational study is in agreement with these studies, as the 
stability of the recombinant HA did not differ from that of the 
wt HA. The second part of our study involved generation of 
the recombinant influenza virus.Recombinant influenza virus 
carrying a His6 tag was successfully generated using the pol I 
method with the helper virus. The presence of the tagged virus 
was confirmed by detecting the recombinant mRNA HA using 
the PCR technique. Packaging of the His tagged HA vRNA 
into progeny recombinant virus was sustained among the 
progeny wild-type virus production. The presence of the 
recombinant HA mRNA was detected by PCR within the 
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fourth generation of viruses (passage 3). In an earlier study, 
recombinant plasmid encoding the NS gene was constructed by 
replacing the NS coding region with the CAT(chloramphenicol 
acetyltransferase) gene [50]. The foreign recombinant gene 
was packaged into viral particles with the use of a helper virus 
and was passaged successfully several times. However, 
detection of the recombinant gene expression (CAT activity) 
was then rapidly lost among the helper virus after further 
passages [50]. In another study, recombinant influenza virus 
expressing the HPV16 oncogene was generated using the 
plasmid reverse genetics system [51]. The stability of the 
transgene within the recombinant influenza virus was 
confirmed by passaging the virus for up to 5 rounds [51]. It can 
be hypothesized from these two studies that the presence of the 
wt virus (helper virus) may lead to a gradual loss of the 
recombinant gene during virus passaging. This could be 
because the presence of the viral wtvRNA can compete with 
the recombinant one for selection during viral packaging, 
possibly due to bundling signals [52]. However, having a pure 
recombinant virus population will not cause this issue with 
virus replication, as the only gene type available for packaging 
is the recombinant one. Moreover, replacing the whole coding 
region with a foreign gene can affect the recognition and 
selection of the packaging signals that are believed to exist in 
both coding and non-coding regions [19, 21]. Consequently, 
this can possibly affect the continued packaging of the 
recombinant viral segment. 
 
Affinity batch purification was conducted to examine whether 
the His tagged viruses could be isolated from the non-tagged 
virus, which could be practical for future applications. The 
eluted sample from the purification contained a low virus 
amount that was indicated by the result observed on the SDS 
gel (Fig. 6). Generating recombinant influenza virus with the 
use of helper virus based method will result in progeny viruses 
of which the large majority are helper viruses [53]. The 
isolated virus within the eluted sample probably represents the 
His tagged virus, however more investigation is required in 
order to confirm this, as well as to estimate the sample purity. 
In conclusion, the stability of the HA protein incorporating a 
foreign epitope (His6tag) within a selected antigenic domain 
was demonstrated via MD simulation. The recombinant 
influenza virus was then successfully generated using the 
helper virus-based reverse genetics system. Additionally, the 
recombinant virus was able to persist for several passages 
amongst the wild-typevirus.Thus, using theinfluenza virus as a 
vaccine vector is a promising approach. Investigations that 
were undertaken in this study can provide insight into the 
effect of small foreign epitope insertionon HA dynamics and 
stability, which in turn could provide new knowledge in the 
field of recombinant influenza viruses.  
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