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Abstract. Newcastle Disease Virus (NDV) is an infectious disease that infect many kinds of 
wild and domesticated birds. Infection of NDV become a massive problem for poultry industry 
around the world especially in Indonesia. Vaccination is an effort to prevent the infection of 
NDV in poultry. NDV vaccine that used in Indonesia is a conventional life vaccine from LaSota 
and B1 strains. These type of vaccine is 21%-23% genetically distinct with the virus that spread 
in the environment. The antibody protection provided by the vaccine is not effective. Therefore, 
vaccination with new local NDV strain is needed to prevent the NDV infection in Indonesia. The 
previously study research reported that the local isolate of NDV from Kulon Progo, Indonesia 
has been isolated. Fusion (F) protein encoding gene that has been inserted into pBT7-N-His 
expression plasmid which isolated from clone C-2a of E. coli, then it was expressed by the Cell-
free protein expression system. The aim of this study was to confirm whether clone C-2a of 
E.coli carrying a recombinant plasmid pBT7-N-His-Fusion NDV and to express a recombinant F 
protein of NDV in-vitro from expression plasmid by cell-free protein expression system. This 
work started by detection of recombinant plasmid pBT7-N-His-Fusion NDV by DNA plasmid 
extraction followed by agarose gel electrophoresis. The recombinant F protein was in-vitro 
expressed by cell-free protein expression kit. The expressed F protein of NDV then was 
visualized by SDS-PAGE and Westernblott to analyse the expression of NDV recombinant F 
protein.  It confirmed that clone C-2a of E. coli contained plasmid pBT7-N-His (4.001 bp) 
inserted by recombinant F protein of NDV gene (642 bp). The visualisation of expressed 
recombinant F protein by SDS-PAGE and Westernblott showed the NDV recombinant F protein 
was a specific protein fragment with molecular weight of 25,6 kDa..  

 
 

1 Introduction  
 
Newcastle Disease is an infectious disease that infects 
many kinds of poultry and become a huge problem for 
the poultry industry around the world. The outbreak of 
the disease can cause a high rate of mortality (up to 
100%), which are very detrimental to the poultry farmers 
[1].   

Newcastle Disease is caused by NDV, which 
belongs to genus Avulavirus, family Paramyxoviridae 
and ordo mononegavirales. The genome of NDV is 
consist of negative single-strand RNA. The viral particle 
of NDV is enveloped with the surface of viral particle 
covered by spike glycoproteins, namely Haemagglutinin-
Neuraminidase (HN) protein and Fusion (F) protein [2]. 
Based on the virulence and clinical symptoms in infected 
birds, NDV can be classified into five pathotypes, 
namely: viscerotropic velogenic which is a highly 
pathogenic NDV that is indicated by the haemorrhagic 
lesions in the intestinal mucosa with highly mortality 
rate. Velogenic neurotropic which is characterized by 
respiratory and nerve system disorders such as 
incoordination and torticollis which is characterized by 
high mortality rate. Furthermore, the moderate pathotype, 
which is mesogenic, is characterized by respiratory and 
nervous system disorders with a low mortality rate. Then 
NDV with a mild pathotype, namely lentogenic which is 
characterized by mild respiratory system disorders. The 

last is an asymptomatic enteric which is a subclinical 
enteric infection [1]. 

NDV infection process is depend on two major 
proteins, namely HN protein and F protein. The HN 
protein involved in virus particle attachment to the sialic 
acid receptor on the surface of host cells. The F protein 
act to initiate the fusion of the viral envelopes and the 
host cell membranes [3, 4]. On the surface of the virus 
particles, this protein is in the form of precursor Fo and 
can be activated if it split into F1 and F2 at the cleavage 
site. The amino acid sequence in the cleavage site is the 
main determinant of the viral virulence. In low virulence-
NDV has cleavage site that can only be split by enzymes 
that found only in the cell of digestive and respiratory 
tract. Meanwhile, in high virulence-NDV, the cleavage 
site can be split by enzymes that found in all of host’s cell 
[5].   

Newcastle Disease can be prevented by vaccination. 
Newcastle Disease vaccine that easily found in Indonesia 
is conventional life vaccine from strain LaSota and strain 
B1. The vaccine from strain LaSota and B1 that available 
now are 21-23% genetically distinct from the virus that 
spread in the environment. This genetic difference 
causing ineffective protection against Newcastle Disease 
for poultry industry. So that new vaccine is need to be 
developed, especially vaccine for NDV that widely 
spread in environment in Indonesia [6].  

Recombinant DNA technology allows us to produce 
large amounts of certain protein and can be purified to 
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become a vaccine. The gene which is encode 
immunogenic virus protein can be inserted into a plasmid 
and expressed by certain bacteria [7]. Protein expression 
using AccuRapid™ Protein Expression Kit allows us to 
produce protein faster than conventional method because 
it doesn’t require time to wait the bacteria growing and  
protein synthesize [8]. The objective of this study was to 
confirm whether clone C-2a E.coli carrying a 
recombinant plasmid pBT7-N-His-Fusion NDV and to 
express a recombinant F protein of NDV in vitro from 
expression plasmid by cell-free protein expression 
system. 

 
2 Materials and Methods  
 
The sample used for this study was the recombinant 
plasmid of pBT7-N-His produced by Bioneer 
Corporation, South Korea which has been modified by 
Wulanjati et al., [9]. The plasmid was isolated from E. 
coli strain BL-21 colony named clone C-2a. The plasmid 
was already inserted with gene encoding F protein of 
local NDV which isolated from Kulon Progo, 
Yogyakarta, Indonesia.  
 
2.1 Samples preparation  
 
To find out whether the sample used contained pBT7-N-
His plasmid, which had been inserted by recombinant F 
protein encoding gene of NDV, the sample was 
electrophoresed in 1% agarose gel. Fluorosafe DNA Stain 
was added and then poured into a gel mold until 
solidified. The first well was loaded with a marker of 100 
bp of DNA ladder in volume of 6 μL. The second well 
was loaded with the mixture of 1 μL sample, 2 μL of 
loading dye, and 3 μL of aquadest. After that, the gel was 
inserted into an electrophoresis tank containing 1x TBE 
solution. Then the running process was carried out with 
80 volt electricity for 45 minutes. Then the 
electrophoresis results can be analysed by looking under 
a UV transilluminator. 

 
2.2 Digesting recombinant plasmid with Eco R1  
 
The plasmid sample was then digested by Eco RI. This 
process was carried out in a total mixture of 10 μl, 
containing plasmid of 2 μL.  Eco RI enzyme of 1 μL, 
enzyme buffer of 1 μL, and aquadest of 6 μL. The 
mixture was then incubated in 37oC for 3 hours. To find 
out whether the plasmid was digested by the restriction 
enzyme, they were then all samples were separated by 
electrophoresis, as previously explained.   
 
2.3 In-vitro Protein Expression  
 
In-vitro expression of F protein from the gene which 
already inserted to pBT7-N-His plasmid from clone C-2a 
of E. coli using AccuRapidTM Cell-free Protein 
Expression Kit (Bioneer Corp., South Korea). In a set of 
the expression kit is containing Master mix, E. coli 
extract, DNA template for positive control, and DEPC 

water. The process started by preparing three eppendorf 
tubes, a tube for negative control, positive control, and 
sample. All of components were then loaded into each 
tube with composition listed in Table 1. Then all of the 
tubes were incubated in temperature of 30oC for 45 
minutes. 
 

Table 1. Composition of AccuRapidTM protein 
expression system. 

Component Negative 
Control 

Positive 
Control Sample 

Master mix (μL) 21 21 21 
E.coli extract (μL) 12 12 12 
DEPC water (μL) 12 11 8 
DNA template (μL) - 1 4 
Total (μL) 45 45 45 
 
2.4 Sodium Dodecyl Sulphate-Polyacrylamide 

Gel  Electrophoresis 
 
The expressed protein then electrophoresed using Sodium 
Dodecyl Sulphate Polyacrylamide Gel Electrophoresis 
(SDS-PAGE). The polyacrylamide gel concentration on 
separating gel was 12%. After homogeneous, poured it 
into the gel mold and added butanol at the top of gel, so 
that there was no air bubbles and flat gels. It was added 
by 5% stacking gel to the top of the gel. Stacking gel was 
made by mixing 5 ml stacking gel 5% with 5 ml TEMED 
and 50 ml APS 10% and It was poured into the gel mold. 
Once the gel was compacted, the polyacrylamide gel was 
inserted into the electrophoresis tank and soaked in 
protein electrophoresis buffer of Tris -HCl, glycine, and 
SDS 10%. 
 The next step was sample preparation by moving of 
5 μL from each negative control, positive control, and the 
product of protein expression into the other three tubes. 
The 10 μL of DEPC water and 5 μL loading dye were 
added to each tube. Then all of the tubes were incubated 
for five minutes. Then load the negative control, positive 
control, and sample into the wells of the gel and 
electrophoresed for two hours in 100 volt. 
 After the running process was done, the next step 
was stained to colour the electrophoresed protein. The gel 
with electrophoresed protein was soaked in staining 
solution which contains Coomassie blue for 24 hours. It 
was moved to another container which filled with 
destaining solution which contains aquadest, methanol, 
and acetic acid three times for 40 minutes. 
 
2.5 Western Blot 
 
The last step of the method is Westernblot. This process 
begun with transferring the product of protein 
electrophoresis from gel to PVDF membrane which 
already soaked with methanol for one hour. Blotter which 
filled with transfer buffer is used for transfer process. The 
order of arrangement of western blot used from anode to 
the cathode was the three layers of thick Whatman paper, 
three layer of thin Whatman paper, PVDF membrane, 
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SDS-PAGE gel, followed by three layer of thin Whatman 
paper, three layer of thick Whatman paper. Westernblot 
tools are closed then by blotting process started for an 
hour in 500 mA of current. 

The next step is blocking, the PVDF membrane was 
soaked into blocking solution (BSA, TBS buffer pH 7.5, 
and Tween) for 10 minutes. The 6x mouse epitope tag 
antibody (Invitrogen, Canada) added as much as 5 ml as a 
primary antibody and then diluted a comparison of 
1:2000 with 5% BSA and 0.1% TBS Tween and was 
incubated one night in a temperature of 4oC. After the 
incubation process, the PVDF membrane is washed with 
0.05% TBS Tween 2 times each 5 minutes and 1 time 10 
minutes. Washing results added conjugate goat anti-
mouse IgG Affinity Purify (comparison 1:15,000 as 
secondary antibody with 1% BSA in 0.05% TBS Tween 
then incubated for 1 hour in room temperature using 
shaker. After the incubation process completed, the 
PVDF membrane is washed with TBS Tween 0.05% 2 
times each 5 minutes and 2 times each 10 minutes. The 
result of washing is added substrate 1-StepTM 
NBT/BCIP until visible ribbon with specific position 
depending on protein size. The results of these ribbons 
show the weight of each specific protein. 

 
3 Result and Discussion 
 
Before in-vitro protein expression, sample of DNA 
plasmid which isolated from E. coli clone  C-2a need to 
be electrophoresed to confirm whether the E. coli clone 
C-2a contains plasmid pBT7-N-His which already 
inserted with recombinant F protein encoding gene or 
not. The result of electrophoresis was shown in figure 1.  

The recombinant plasmid of pBT7-N-His-Fusion 
NDV that already inserted with recombinant F protein 
encoding gene was 4.643 bp in total length. From the 
result of electrophoresis, there was a thick DNA band 
slightly above the marker of 3.000 bp, we assumed the 
DNA band was the real recombinant plasmid of pBT7-N-
His-Fusion NDV which already successfully inserted 
with recombinant F protein encoding gene.  This result 
confirmed that the sample isolated from colony of E. coli 
clone C-2a contained pBT7-N-His plasmid which 
inserted with F protein encoding gene of local NDV. 
Figure 1 showed that electrophoresis of recombinant 
plasmid PBT7-N-His-Fusion NDV, there was three DNA 
bands, namely circularly conformation plasmid as top 
DNA band, linear conformation plasmid as the middle 
DNA band and the supercoil conformation plasmid ass 
the bottom DNA [10].  

To confirm the gene that inserted in pBT7-N-His-
Fusion NDV plasmid was F protein encoding gene, the 
plasmid was digested with Eco RI restriction enzyme, 
since the cloning site of plasmid pBT7-N-His-Fusion 
NDV where the F protein encoding gene was inserted 
between two restriction sites of Eco RI enzyme. After the 
digestion was performed, the restriction product was 
electrophoresed, the result of the electrophoresis shown 
in Figure 2. 

 

    
Figure 1. Electrophoresis result of the sample isolated 

from clone C-2a of E. coli. M= Marker DNA ladder 100 
bp, P= plasmid isolated from clone C-2a of E. coli. 

 

 
Figure 2. Electrophoresis result of the Eco RI digestion 

product on plasmid pBT7-N-His isolated from C-2a 
clone. M=Marked DNA ladder 100 bp, U= undigested 
pBT7-N-His plasmid, P= Eco RI digested pBT7-N-His. 

 
In the U lane, there was three bands of DNA 

plasmid. Those bands are undigested pBT7-N-His 
plasmid with 4.643 bp in length, but since the plasmid 
has three conformation, it form three bands instead of one 
band. The top band was plasmid with circularly 
conformation, the middle band was plasmid with linear 
conformation, and the bottom band was plasmid with 
supercoiled conformation [10].  

In the P lane, three DNA bands are showed. The top 
band was 4.001 bp in length pBT7-N-His-Fusion NDV 
plasmid without F protein gene insertion (the F protein 
gene was already removed by Eco RI), and the bottom 
band was F protein gene with 642 bp length [11]. This 
electrophoresis result confirmed that pBT7-N-His 
plasmid which isolated from clone C-2a of E. coli was 
inserted with recombinant F protein gene of NDV, so the 
expression of F protein by AccuRapidTM Cell-free protein 
expression system can be carried out. In this method, the 
protein expression can be done with less time than 
conventional method, since in this method did not 
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required plasmid transformation process into the bacteria 
and culture it [8].  

The protein expression product can be visualized 
using 12 % SDS-PAGE. The result of the SDS-PAGE 
shown in the Figure 3. 

 
Figure 3. The result of SDS-PAGE on expression 

product from plasmid pBT7-N-His. M= Marker protein 
ladder, (-) = negative control, (+) = positive control, F = 

the expression product. 
 

From the SDS-PAGE, in the (-) column, there are 
some bands of proteins. Those bands are formed by the 
proteins from E.coli extract and master mix from the 
expression kit. In the (+) column, there was a protein 
band with 28 kDa of molecular weight that distinct from 
the bands formed by the proteins from the expression kit. 
This band was formed by Aequore coerulescens GFP 
Fluorescent Protein (AcGFP) that expressed by the 
template for positive control [12].  In the F column, there 
was a band of protein with 25,6 kDa of molecular weight 
which formed by the recombinant F protein of NDV that 
expressed from the gene that inserted into pBT7-N-His-
Fusion NDV plasmid.  

In the SDS-PAGE result, the bands formed by 
various kinds of protein are still visualized. So that more 
specific visualization was needed. Each protein that 
expressed in positive control and in the expression 
product of recombinant F protein was already attached by 
6x his-tag. The presences of these 6x his -tag can be 
utilized to carry out the Westernblot technique. Principle 
of Westernblot technique was detecting the presence of 
6x his-tag in the proteins that already trans ferred into 
PVDF membrane from electrophoresis gel using primary 
antibody that specifically attached to the 6x his -tag. Then 
the secondary antibody which conjugated with certain 
enzyme was added to detect the primary antibody that 
already attached to the 6x his-tag in each protein. The 
enzyme substrate in the secondary antibody was added to 
visualize the protein which expressed. The result of the 
Westernblot process is shown in figure 4. 

 
Figure 4. The result of Westernblot on expression 

product from plasmid pBT7-N-His. M= Marker protein 
ladder, (-) = negative control, (+) = positive control, F = 

the expression product 
 

Westernblot result showed in the negative control 
column, there was no band showed since there are no 
protein attached with 6x his -tag was expressed in 
negative control. In the positive control there was a 
protein band with 28 kDa molecular weight which 
formed by AcGFP protein that attached by 6x his -tag. In 
the F column, there was a protein band with 25,6 kDa 
which formed by recombinant F protein which attached 
by 6x his-tag that detected by Westernblot process. This 
expressed F protein of NDV from  the clone C-2a E. coli 
were in line with the protein expression study conducted 
by researchers [13], who have successfully expressed the 
recombinant F protein of NDV from another E coli clone, 
namely the clone C-1a. 
 
4 Conclusion 
 
It concluded that E. coli clone C-2a contained plasmid 
pBT7-N-His (4.001 bp) inserted by recombinant F 
protein of NDV gene (642 bp). The visualisation of 
expressed recombinant F protein by SDS-PAGE and 
Westernblott showed the NDV recombinant F protein 
was a specific protein fragment with molecular weight of 
25,6 kDa. 
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