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Abstract. Jembrana disease (JD) caused by Jembrana Disease Virus 
(JDV) becomes an obstacle in Bali cattle (Bos javanicus). The 
development of JD vaccines has a critical meaning to prevent losses in the 
B. javanicus in Indonesia and is one of the models in the development of 
the Human Immunodeficiency Virus (HIV) vaccine. The development of 
vaccines for JDV has carried out DNA vaccines that are expected to 
provide better immunological effects. This study aimed to determine the 
low molecular weight chitosan (LC) entrapment towards pEGFP-C1-env-
Tm in the formation of Chitosan Nanoparticles Low/pEGFP-C1-env-Tm 
complex. The env-Tm gene was inserted in pEGFP-C1 into the pEGFP-
C1/env-Tm construct transformed on the E. coli DH5α host. The construct 
was formulated into LC/pEGFP-C1/env-Tm complex with a low molecular 
weight chitosan concentration of 0.06 % and the ratio of pEGFP-C1/env-
Tm: LC (wt/wt) was 1:0.5-1:3. The complexes were then analyzed by gel 
retardation assay agarose 1 %. The results of this study indicated that the 
best entrapment results of low molecular weight chitosan to pEGFP-
C1/env-Tm was in the mass ratio of pEGFP-C1/env-Tm: LC was 1:2. The 
best formulation entrapment for env-Tm by low molecular weight chitosan 
0.06 % is in the rate 1:2. 
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1 Introduction 
The obstacle faced by Bali cattle is Jembrana Disease (JD), which is caused by bovine 
lentivirus, a member of the family retroviridae, subfamily lentiviridae. This disease can 
affect the fertility of Bali cattle, thereby reducing the production of Bali cattle, which can 
affect economic conditions in Indonesia [1−5]. Thus, prevention is needed to prevent the 
disease spread. DNA vaccines are proven effective in primates, stable in storage, easy to 
produce, safe (non-replicative), express only target antigens, cannot be returned pathogenic, 
and able to induce cellular and humoral immunity [6−8]. 

The delivery of pDNA using nonviral vectors results in gene expression, which 
encourages the development of new delivery systems that can protect pDNA, as well as 
localize its delivery, such as chitosan. Chitosan can protect therapeutic agents from nuclear 
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degradation both in vitro and in vivo, and can be formulated for the delivery of pDNA [9]. 
Therefore, this research was carried out on the use of low molecular weight chitosan as a 
protective molecule as well as carrying the target gene to cells 

2 Materials and methods 

2.1 Material 

The gene encoding transmembrane portion of envelope protein from JDV, which had 
previously been isolated from infected cattle and cloned into the plasmid enhanced green 
fluorescent protein C terminus (pEGFP-C1) vector (Clontech, USA) to construct pEGFP-
env-Tm JDV. Chitosan of low molecular weight (50 000 Da to 190 000 Da, based on 
viscosity: 20 cP to 300 cP) was purchased from Sigma (Singapore). 

2.2 Methods 

2.2.1 LC/pEGFP-C1-env-Tm complex preparation 

Low molecular weight of chitosan as much as 1 g was dissolved in 100 mL of 1 % (v/v) 
acetic acid. The low molecular weight chitosan solution was then sterilized using a 0.2 μm 
syringe filter (Merck, Germany). The solution was then diluted using nuclease-free water 
(NFW) (TransGen Biotech, China) to a concentration of 0.06 %, and was used as a stock to 
make LC/pEGFP-C1/env-Tm complex. The preparation of the LC/pEGFP-C1/env-Tm 
complex was performed with the complex coacervation method with modifications [10].         
A total amount of 1 μg plasmid and different amounts of low molecular weight chitosan 
were heated separately at 50 ºC for 10 min. Then, plasmid construct and low molecular 
weight chitosan solution were mixed with a volume ratio by vortexing at 2 500 rpm ( 1 rpm 
= 1/60 Hz) for 30 s. The mass ratios of DNA and chitosan used were 1:0.5 to 1:3 (wt/wt). 

2.2.1 Gel retardation essay analysis 

The formation of LC/pEGFP-C1/env-Tm complex was examined using a gel retardation 
assay in agarose gel electrophoresis. The LC/pEGFP-C1/env-Tm complexes were 
electrophoresed on a 1 % agarose gel with Gel Stain (TransGen Biotech, China). Unbound 
pEGFP-C1-env-Tm and low molecular weight chitosan solution were used as negative 
controls. 

3 Results 

3.1 LC/pEGFP-C1/env-Tm complex 

The formation of LC/pEGFP-C1/env-Tm complex was observed with a gel retardation 
assay on agarose gel 1 %. Several different DNA mass ratios and low molecular weight 
chitosan were used, and only in the 1:2 and 1:3 ratio were complexes formed, seen with 
entrapped LC/pEGFP-C1/env-Tm complexes in the well. Low molecular weight chitosan 
solution as a negative control cannot bind DNA, and it can show the absence of the band. 
Free plasmid DNA migrates into two DNA bands that show two different plasmid 
conformations. The bands of unbound pEGFP-C1/env-Tm could still be detected with a 
ratio of 1:0.5 and 1:1 but not detected in a higher LC/pEGFP-C1/env-Tm ratio complex 

2

E3S Web of Conferences 226, 00026 (2021)	 https://doi.org/10.1051/e3sconf/202122600026
ICoN BEAT 2019



degradation both in vitro and in vivo, and can be formulated for the delivery of pDNA [9]. 
Therefore, this research was carried out on the use of low molecular weight chitosan as a 
protective molecule as well as carrying the target gene to cells 

2 Materials and methods 

2.1 Material 

The gene encoding transmembrane portion of envelope protein from JDV, which had 
previously been isolated from infected cattle and cloned into the plasmid enhanced green 
fluorescent protein C terminus (pEGFP-C1) vector (Clontech, USA) to construct pEGFP-
env-Tm JDV. Chitosan of low molecular weight (50 000 Da to 190 000 Da, based on 
viscosity: 20 cP to 300 cP) was purchased from Sigma (Singapore). 

2.2 Methods 

2.2.1 LC/pEGFP-C1-env-Tm complex preparation 

Low molecular weight of chitosan as much as 1 g was dissolved in 100 mL of 1 % (v/v) 
acetic acid. The low molecular weight chitosan solution was then sterilized using a 0.2 μm 
syringe filter (Merck, Germany). The solution was then diluted using nuclease-free water 
(NFW) (TransGen Biotech, China) to a concentration of 0.06 %, and was used as a stock to 
make LC/pEGFP-C1/env-Tm complex. The preparation of the LC/pEGFP-C1/env-Tm 
complex was performed with the complex coacervation method with modifications [10].         
A total amount of 1 μg plasmid and different amounts of low molecular weight chitosan 
were heated separately at 50 ºC for 10 min. Then, plasmid construct and low molecular 
weight chitosan solution were mixed with a volume ratio by vortexing at 2 500 rpm ( 1 rpm 
= 1/60 Hz) for 30 s. The mass ratios of DNA and chitosan used were 1:0.5 to 1:3 (wt/wt). 

2.2.1 Gel retardation essay analysis 

The formation of LC/pEGFP-C1/env-Tm complex was examined using a gel retardation 
assay in agarose gel electrophoresis. The LC/pEGFP-C1/env-Tm complexes were 
electrophoresed on a 1 % agarose gel with Gel Stain (TransGen Biotech, China). Unbound 
pEGFP-C1-env-Tm and low molecular weight chitosan solution were used as negative 
controls. 

3 Results 

3.1 LC/pEGFP-C1/env-Tm complex 

The formation of LC/pEGFP-C1/env-Tm complex was observed with a gel retardation 
assay on agarose gel 1 %. Several different DNA mass ratios and low molecular weight 
chitosan were used, and only in the 1:2 and 1:3 ratio were complexes formed, seen with 
entrapped LC/pEGFP-C1/env-Tm complexes in the well. Low molecular weight chitosan 
solution as a negative control cannot bind DNA, and it can show the absence of the band. 
Free plasmid DNA migrates into two DNA bands that show two different plasmid 
conformations. The bands of unbound pEGFP-C1/env-Tm could still be detected with a 
ratio of 1:0.5 and 1:1 but not detected in a higher LC/pEGFP-C1/env-Tm ratio complex 

(Figure 1). The results in this study indicate that the best entrapment results of low 
molecular weight chitosan to pEGFP-C1/env-Tm is in the mass ratio of pEGFP-C1/env-Tm: 
LC is 1:2 that entrapped the entire amount of plasmid DNA. This was the same as research 
conducted by Ishak (2019) regarding the use of medium molecular weight chitosan with 
pDNA (env-Tm) with a chitosan concentration of 0.02 %, which chitosan/pDNA complex is 
entrapped in well at a ratio of 1: 2 [11]. 

 

 
Low Molecular Weight Chitosan 0.06 % 

 
Fig. 1. Agarose gel retardation assay of LC/pEGFP/env-Tm complexes.  
(M) = Marker, (LC)=Low Molecular Weight Chitosan 

4 Discussion 
Chitosan complex is widely used in the pharmaceutical world as a transport agent capable 
of releasing controlled molecules such as DNA, vaccines, peptides, or antibiotics [12]. This 
research focuses on the success of entrapped LC/pEGFP-C1/env-Tm complexes in well 
with 0.06 % chitosan concentration, 1:2 ratio (wt/wt). 

Particle formation occurs at the N/P ratio, which is the ratio between nitrogen (N) 
chitosan per phosphate (P) DNA, which is essential for determining the charge on the 
surface of the particle. Chitosan has one primary amino group in repeated glucosidic 
residues that gives a positive charge. Chitosan has a unique cationic character. That is 
because chitosan has a major amino group that is responsible for providing strong 
electrostatic interactions with negative charges on DNA [13, 14]. 

The important thing in making a vaccine is that the complexes formed between the 
delivery agent and pDNA can enter the cell and express the target gene carried. Various 
factors that affect transfection efficiency are molecular weight (MW), degree of 
deacetylation (DD), chitosan-DNA molar ratio, DNA complex charge ratio (N: P ratio) and 
pH, and particle size. High load density, making chitosan with high MW, can’t release the 
charge to the cytoplasm, but conversely, chitosan with low MW is much better at delivering 
genes. Additionally, in the formulation of making DNA vaccines, particle size and shape 
also depends on the conditions involved in the formulation process, including salt 
concentration, molecular weight complex, and chitosan concentration, and the mixing 
process [13, 15, 16]. 

 

5 Conclusion 
The best formulation entrapment for env-Tm by low molecular weight chitosan 0.06 % is in 
the ratio 1:2. 
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