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Abstract 15 

Hepatitis B Virus (HBV) is an endemic virus and belongs to Hepadnaviridae family. This virus 16 

can result in variations of quasispecies due to its high rate of mutation. A quasispecies variant 17 

is a small population and develops as a result of mutation and can become a wild-type 18 

population. This research aims to study and carry out 3D modeling on 12 in-house full sequence 19 

HBV genome isolates from Indonesia and obtain predictive visualization data to become a 20 

reference for further research leading to the production of anti-virals and natural treatments for 21 

HBV. 12 in-house full HBV genome sequences obtained from previous research were used to 22 

carry out 3D modeling and structural analysis of the surface protein, core protein, and 23 

polymerase protein. Analysis was carried out in silico using programs available online. 24 

Phylogenetic analysis was carried out using MEGA11, translation of nucleotides into protein 25 

sequences using the ExPAsy Translate portal, physiochemical analysis using ProtParam portal, 26 

and functional domain testing using the MOTIF tool from GenomeNet. Then 3D modelling 27 

using Phyre2 and SWISS-MODEL. The major mutation of the S protein occurs in L21S and 28 

mutations in the C protein mainly occur in P79Q and S87G. The model for S Protein from 29 

homology structure prediction is not reliable thus it still needs more templates from 30 

experimental techniques. While C Protein structure prediction can provide information for 31 

further research in alternative natural antiviral treatment. 32 

Keywords: 3D model, endemic, genome, HBV, protein. 33 

 34 

Acc
ep

te
d 

M
an

us
cr

ip
t 



Introduction 35 

Hepatitis B Virus (HBV) is a leading cause of liver damage and liver tissue cancer 36 

growth. Over 300 million people worldwide suffer from Chronic Hepatitis B (CHB), resulting 37 

in 4 million deaths each year (Guvenir & Arikan, 2020; Pastor et al., 2019; Putri et al., 2019). 38 

Asia is home to over 70% of total HBV cases globally, with estimates suggesting this 39 

percentage (Nguyen et al., 2020; Thedja et al., 2011; Muljono, 2017). In a joint research effort 40 

in 2016, conducted by The Polaris Observatory Collaborators (2018), meta-analysis and 41 

modeling were used to estimate the prevalence of HBsAg in 120 countries. This research 42 

revealed that Indonesia ranked fourth in HBsAg-positive infections.  43 

Indonesia, a Southeast Asian country, experiences high HBV endemicity due to its 44 

unique archipelagic geography (Muljono, 2017; Thedja et al., 2011). This geographical 45 

isolation limits the availability of comprehensive databases for analyzing HBV variants' 46 

pathogenicity and clinical characteristics. Nevertheless, in many cases of advanced liver 47 

disease (ALD) and chronic HBV infection (CHB) among Indonesian patients, new 48 

subgenotypes and genotype variants have been discovered (Yano et al., 2015). Additionally, 49 

researchers have identified 12 whole genome sequences of HBV quasispecies in ALD and CHB 50 

patients in Java, all belonging to the dominant B3 genotype in the Southeast Asian region, 51 

particularly Indonesia (Putri et al., 2019). 52 

Patients infected with HBV will be identified through laboratory diagnosis, which 53 

involves checking the patient's serological status using markers or a combination of several 54 

antigen markers, such as HB surface antigen (HBsAg), HB core antigen (HBcAg), HBeAg, 55 

and/or antibody markers like HB surface antibody (anti-HBs/HBsAb), HB core antibody (anti-56 

HBc), HB e antibody (anti-HBe), and anti-HBc IgM (Guvenir & Arikan, 2020; Nguyen et al., 57 

2020). The severity of HBV infection can also be determined by conducting the HBsAg, 58 

HBeAg/anti-HBe, and HBV DNA tests, followed by assessing blood parameters such as 59 

aspartate aminotransferase (AST) and alanine transaminase (ALT). Additionally, transient 60 

elastography (Fibroscan) or needle liver biopsy can be used as non-invasive and invasive 61 

methods for detecting liver cirrhosis (Guvenir & Arikan, 2020). 62 

HBV infection can lead to fibrosis in hepatocyte cells, and in chronic conditions, it can 63 

progress to liver cirrhosis (LC). In the long term, HBV infection can also increase the risk of 64 

hepatocellular carcinoma (HCC) or liver cancer (Guvenir & Arikan, 2020; Nguyen et al., 2020; 65 

Putri et al., 2019; van Hemert et al., 2007). Liver cirrhosis is a condition affecting liver tissue, 66 

characterized by the accumulation of regenerative nodules surrounded by fibrous fibers, 67 
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resulting from chronic liver tissue damage. This condition is preceded by collagen or fibrosis 68 

encapsulation of damaged tissue (Schuppan & Afdhal, 2008). 69 

In previous research, quasispecies were observed in the S and X regions of the HBV 70 

ORFs (Putri et al., 2019). Quasispecies variants are created due to viral replication mutations, 71 

leading to diverse virus populations. These quasispecies populations are categorized into minor 72 

populations (1-5%), intermediate populations (5-20%), and major populations (>20%). When 73 

a mutant variant constitutes more than 80% of the population, it is considered to have replaced 74 

the wild-type strain (Putri et al., 2019; Yamani et al., 2015). HBV is a virus that has diverse 75 

DNA. The HBV genome consists of the X gene (X), precore/core gene (preC/C), presurface 76 

antigen/surface antigen gene (preS/S), and polymerase gene (P) that control the replication and 77 

transcription (Kim et al., 2016; Campos-Valdez et al., 2021). The HBV-X protein (HBx), is 78 

involved in the pathological process of HBV and plays a major role in HBV replication by 79 

either promoting viral replication or changing host gene expression linked to HCC (Kim et al., 80 

2016). HBx mutations have been implicated in the pathophysiology of HBV and are essential 81 

for the development of HCC (Kim et al., 2016; Zhang et al., 2016). The core promoter region 82 

(preC/C) contributes to the pathogenicity, morphogenesis, and essential for replication of the 83 

virus (Kumar, 2022). The S gene (preS/S) encodes a series of surface antigen polypeptides that 84 

are embedded inside the viral envelope, whereas the P gene encodes the reverse transcriptase 85 

of the virus (Kim et al., 2016). S gene mutations have the potential to impact HBsAg secretion, 86 

immunogenicity, and antigenicity, and complicate illness diagnosis (Liu et al., 2024). Models 87 

of protein structure can be examined in silico. Utilizing in silico analysis, it was possible to 88 

deduce the function of proteins, identify potential binding sites and partners for those 89 

interactions, create or enhance new enzymes or antibodies, and explain the effects of current 90 

mutations (Kryshtafovych and Fidelis, 2009). SWISS-MODEL and Phyre2 can used for 91 

protein modelling (Basyuni et al., 2018). In this study, we used 12 in-house full genome 92 

sequences of HBV, including HBV genotype B3, to compare predicted protein structures. 93 

These sequences were obtained from Putri et al., 2019, with eight samples originating from LC 94 

and/or HCC patients and four from CHB patients. Researchers suspect that the tertiary structure 95 

of the protein surface will exhibit significant differences. However, the differences from the 96 

wild-type genotype B3 may need to be more pronounced in the core protein and polymerase 97 

protein. 98 

 99 

Materials and methods 100 

Material and Methods 101 
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1. Retrieving in-house sequences 102 

In the previous research, thirty hepatitis B surface antigen (HBsAg)-positive were 103 

collected at the General Hospital of Surabaya and Hajj Hospital (Surabaya, Indonesia), but only 104 

twelve samples were successfully analyzed for the full genome. Twelve in-house isolates of 105 

genotype B3 were obtained from previous research (Putri et al., 2019). In this study, HBV 106 

genotype B3 isolates were also used as the wild type. HBV DNA isolation was carried out 107 

using the Qiagen DNA blood prep kit. The complete HBV genome was isolated using multiple 108 

primer sets. Purification was conducted using the gel purification method (Qin et al., 2011). 109 

Direct sequencing was performed at PT. Genetika Science. The HBV genotype B3 sequence 110 

from GenBank (https://www.ncbi.nlm.nih.gov) and the sequences of the 12 HBV isolates were 111 

used for phylogenetic analysis. This analysis utilized the Clustal W tool from GenomeNet 112 

(https://www.genome.jp/tools-bin/clustalw). Subsequently, a phylogenetic tree was 113 

constructed using Molecular Evolutionary Genetics Analysis (MEGA) Software version 11.0.8 114 

(https://www.megasoftware.net/) with 1000 bootstrap reconstructions (Putri et al., 2019).  115 

 116 

2. Protein modelling 117 

The wild-type isolates and 12 in-house isolates were translated using the ExPASy 118 

(Expert Protein Analysis System) Website Portal provided by the Biozentrum at the University 119 

of Basel, Switzerland (https://www.expasy.org/). This bioinformatics portal and its tools are 120 

hosted on an online server managed by the Swiss Institute of Bioinformatics (SIB). The 121 

translation was performed by selecting the 'translate portal' (https://web.expasy.org/translate/). 122 

Following translation, the ProtParam portal was utilized to conduct a physicochemical 123 

analysis of the proteins translated from the 12 in-house and single wild-type isolates. The 124 

physicochemical analysis covered molecular weight, amino acid composition, instability index, 125 

half-life, aliphatic index, theoretical pI, and extinction coefficient (Gasteiger et al., 2005). 126 

Subsequently, the protein sequences of the 12 in-house isolates and the wild-type isolate were 127 

assessed for functional domains using the MOTIF tool from GenomeNet 128 

(https://www.genome.jp/tools/motif/). MOTIF sequences consist of amino acid compositions 129 

that may hold biological significance (Bateman et al., 2004). 130 

SWISS-MODEL server (https://swissmodel.expasy.org/), used for modeling and 131 

viewing ANOLEA and QMEAN6 values. ANOLEA measures model packaging quality by 132 

estimating the average empirical atomic force magnitude, while QMEAN6 provides a global 133 

and local assessment of the Qualitative Model Energy Analysis (Biasini et al., 2014). 134 

Homology modeling and evaluation of 3D structural models were conducted for 12 in-house 135 
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isolates and wild-type isolates using the Phyre2 website server hosted by the Imperial College 136 

of London (http://www.sbg.bio.ic.ac.uk/phyre2/html/page.cgi?id=index). Target isolates were 137 

submitted to the Phyre2 server in intensive modeling mode, and the modeling process relied 138 

on data retrieved from the Protein Data Bank (PDB). Alignment scores were generated for the 139 

top 10 structures, which were then used to create 3D models. Model quality was assessed based 140 

on their similarity to the template model (Kelley et al., 2015). 141 

 142 

Results  143 

1. Mutation mapping 144 

Sequences of S and C proteins from eight samples from Putri et al. (2019) conducted 145 

using SWISS-MODEL software are shown in Table 1 and Table 2. Mutations in the S and C 146 

proteins occur sporadically but are more common in ALD than in CHB patients. The major 147 

mutation of the S protein occurs in L21S and mutations in the C protein mainly occur in P79Q 148 

and S87G (Table 1). The results of this study are slightly different from research by Huong et 149 

al. (2022), where the hot mutations in the S protein from HBV-CHB patients were S53L 150 

(37,7%), A184V/G (39,3%), and S210K/N/R/S (39,3%), while L21S was only around 29,1%. 151 

In other research from Wahyuni et al. (2019), mutations in ALD patients were more common 152 

in T1631C (65,6%), and no mutations in L21S, P79Q, and S87G. 153 

Table 1. Protein sequence alignment and mutation mapping of the S Protein. 12 In-154 

house S Protein Query were align with HBV Genotype B3 (AB713527.1) 155 

Genotype B3 A L Q N G L Q S C 

A1 ALD T . . . . . . . . 

B1 ALD . . . . E . . . . 

C1 ALD S S . . . . . . . 

D1 ALD . . . . . . . . Y 

A2 ALD . S R . E . . . . 

C2 ALD T S . S . . . N . 

D2 ALD . . . . . . . . . 

E2 ALD . . . . . . . . . 

F1 CHB . . . . . . P . . 

G1 CHB . . . . . . . . . 

B2 CHB . . . . . . . . Y 

F2 CHB . S . . E P . . . 

 156 
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Figure 2. Protein sequence alignment and mutation mapping of the C Protein. 12 In-house 157 

S Protein Query were align with HBV Genotype B3 (AB713527.1) 158 

Genotype B3 P V I L Y S I S E P E S 

A1 ALD . . . . . T . G . Q . . 

B1 ALD T . . . . . . . . Q D G 

C1 ALD . A . . . . . . . . . G 

D1 ALD . . . . . . . . . . . . 

A2 ALD T . . . . . . . . Q D G 

C2 ALD . . V . . T V . Q . . N 

D2 ALD . . . . . . . . . . . . 

E2 ALD . . . . . . . . . . . . 

F1 CHB T . . . . . . . . Q . G 

G1 CHB . . . . . . . . . . . . 

B2 CHB . . . . . . . . Q Q . . 

F2 CHB . . . M F . . . . . . G 

 159 

2. Protein structure prediction SWISS-MODEL 160 

Protein structure prediction with SWISS-MODEL on the S protein produces two 161 

models, each containing two structures. Model 1 is built based on the Woodchuck Hepatitis 162 

Virus homodimer, and Model 2 is built based on the heterodimer Tumor necrosis factor 163 

receptor superfamily member five and only covers 33 aa (118-151) in the MHR and the a-164 

determinant part of the S protein. Model C protein has a homo-tetramer oligo state. The outside 165 

of Model C protein consists of the least hydrophobic layer, with a hydrophobic layer inside 166 

(Figure 1). The Qmean Z-score results on the S and C protein structures with SWISS-MODEL 167 

are listed in Table 1. Qmean Z-Score -7.74 on Model 1 predicts a low-quality model (below -168 

4.0). Qmean Z-Score -3.93 on Model 2 predicts a good quality model (above -4.0). Qmean Z-169 

Score on C Protein predicts a good quality model (above -4.0).170 
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Table 3. Qmean Z-Score for protein structure from SWISS-MODEL 171 

Structure 
Qmean Z-Score 

Qmean Cβ All atom Solvation Torsion 

S Protein 

(Model 1) 

-7,74 -7,67 -2,97 -3,03 -5,63 

S Protein 

(Model 2) 

-3,93 -0,78 -1,24 -2,58 -3,68 

C Protein -1,06 -2,41 0,77 0,56 -0,87 

 172 

 173 

Figure 1. S Protein structure prediction from SWISS-MODEL (A) Model 1 (B) Model 2. 174 

Structure (1) color annotation by the hydrophobicity of the protein; the red color on the 175 

annotation represents the most hydrophobic region. Blue color depicts the least hydrophobic 176 

region. Structure (2) color annotation rainbow respectively from N-terminus to C-terminus. C 177 

Protein structure prediction from SWISS-MODEL (C). Structure (1) color annotation by the 178 

hydrophobicity of the protein; red color on the annotation represents the most hydrophobic 179 

C 
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region. Blue color depicts the least hydrophobic region. Structure (2) color annotation rainbow 180 

respectively from N-terminus to C-terminus. 181 

 182 

3. Protein structure prediction Phyre2 183 

Protein structure prediction was done using Phyre2 software, as in Figure 2. S Protein 184 

Structure from Phyre2 has a bad quality assessment. Most of the structures were modeled by 185 

ab initio. S Protein modeled by Phyre2 does not have any pocket proteins. C Protein Structure 186 

from Phyre2 has a good quality assessment (Figure 3). Most of the structures were modeled 187 

from updated template. Based on conservation and pocket detection analysis, aa K96 to F110 188 

are the most conserved regions with four protein pocket sites. 189 

  190 

A B C 

D 

Figure 3. (A) C Protein structure prediction from Phyre2 (B) Conservation site analysis of 

the predicted model (C) Pocket detection site analysis of the predicted model. (D) Complete 

query of the C Protein predicted secondary structure along with the confidence level and 

analysis result of conservation and pocket detection analysis. 

D 

B C A 

Figure 2. (A)S Protein structure prediction from Phyre2 (B) Conservation site analysis of 

the predicted model (C) Pocket detection site analysis of the predicted model. (D) 

Complete query of the S Protein predicted secondary structure along with the confidence 

level and analysis result of conservation and pocket detection analysis. 
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4. Protein ligand binding SWISS-MODEL 191 

Protein-ligand binding analysis was carried out with SWISS-MODEL on S protein and 192 

C protein with a nonbonded interaction graph, as in Figure 4 There is a slight potential to block 193 

S Protein based on ligand hotspot analysis from Model 1. Hotspot aa W36 has the highest 194 

nonbonded interaction of 9.14% on Model 1 (Figure 4A). Model 2  has the highest nonbonded 195 

interaction of 22.13% on hotspot T125 (Figure 4B). Nonbonded interaction in Model 2 196 

potentially provides more information regarding ligand blocking of S Protein as an alternative 197 

treatment. The C protein hotspot aa W102 has the highest average nonbonded interaction of 198 

6.03% (Figure 4C). Followed by L37.B of 5.81%. Hotspot aa W102 is also a protein pocket 199 

site and the most conserved site based on SWISS-MODEL analysis. There is a potential to bind 200 

C Protein using alternative compounds. 201 

 202 

A 
B C 

D 

Figure 3. (A) C Protein structure prediction from Phyre2 (B) Conservation site analysis of the 

predicted model (C) Pocket detection site analysis of the predicted model. (D) Complete query of 

the C Protein predicted secondary structure along with the confidence level and analysis result of 

conservation and pocket detection analysis. 
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 203 

Discussion 204 

 HBV currently consists of at least 9 genotypes (A to I), with 96% of chronic HBV 205 

infections generally caused by genotypes C (26%), D (22%), E (18%), A (17%), and B (14%) 206 

(Yano et al., 2015; Velkov et al., 2018). Generally, Indonesia is dominated by genotype B and 207 

subgenotype B3, unlike other Asian countries, which are dominated by subgenotypes B1 and 208 

A B 

C 

Figure 4. S Protein ligand binding analysis (A) Model 1 S Protein from SWISS-MODEL with 

nonbonded interaction graph (B) Model 2 S Protein from SWISS-MODEL with nonbonded 

interaction graph. (C) C Protein ligand binding analysis from C Protein modelled by SWISS-

MODEL with nonbonded interaction graph. 
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B2 (Gao et al., 2019). The absence of in-silico research on the B3 subgenotype in Indonesia 209 

limits the comparability of our findings with other studies. 210 

 Mutations in the B3 subgenotype were analyzed using SWISS-MODEL software. L21S 211 

is the main mutation in the S protein (Table1), and P79Q and S87G are in the C protein (Table 212 

2). Mutations in the S protein are associated with several liver disorders (Jiang et al., 2021). 213 

Another study showed that mutations in the HBV genotype may cause liver cirrhosis and could 214 

act as molecular markers for the diagnosis of the clinical symptoms of chronic HBV disease 215 

(Kumar, 2022; Chen et al., 2005). 216 

 SWISS-MODEL and Phyre2 software are used to predict protein structures based on 217 

current sequences. SWISS-MODEL provides quality estimates at several stages of the 218 

modeling process to help the user identify optimal templates and is also utilized for the fully 219 

automated template selection procedure. Once models have been built, their quality is assessed 220 

by the QMEAN scoring function (Z-score) (Waterhouse et al., 2018). S Protein has two 221 

different models (model 1 and model 2), and only model 2 shows good quality (Figure 1, Table 222 

3). Model 1 was analyzed with homodimer Woodchuck hepatitis virus (WHV) and had a Z-223 

score value of -7.14. The woodchuck model system is a vital instrument of natural viral 224 

infection. HBV and WHV infections and virions are identical. Because the genomes of HBV 225 

and WHV can resemble one other by up to 65%, comparing the two viruses is crucial for the 226 

development of antivirals (Kukreja et al., 2024). Model 2 was analyzed with heterodimer tumor 227 

necrosis factor receptor and had a Z-score value of -3.93. This shows that model 2 is more 228 

effective in developing antivirals compared to model 1. Tumor necrosis factor-alpha-induced 229 

protein 1 (TNF-αIP1) was shown to be more highly expressed in HBV (Lin et al., 2005). In 230 

addition, tumor necrosis factor-alpha (TNF-alpha) can detect HBV infection and inhibit viral 231 

DNA replication in mouse animal models (Tzeng et al., 2014). The region highlighted as "a 232 

determinant" in model 1 (Figure 1A) is part of the surface gene. It's prone to mutations that can 233 

lead to various issues like immune evasion and vaccine resistance. Mutations in the S gene can 234 

cause amino acid substitutions, particularly in the HBsAg "a determinant" area. These 235 

substitutions can reduce sensitivity in diagnostic tests and lead to failures in response to both 236 

the Hepatitis B vaccine (HepB) and Hepatitis B Immunoglobulin (HBIG). These mutations, 237 

known as vaccine escape mutations, were reported by Ko et al. (2020). Hsu et al. (2010) found 238 

a higher incidence of these mutations in children who received plasma-derived vaccines (0.3%) 239 

compared to those who received recombinant vaccines (0.06%). The C protein has a homo-240 

tetramer oligo state with a Z-score value of -1,06. Mutations in the core protein are known to 241 

cause severe liver disease disorders such as liver fibrosis, cirrhosis, and hepatocellular 242 
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carcinoma (Mohamadkhani et al., 2009; Al-Qahtani et al., 2018). In this study, the C protein 243 

consists of the least hydrophobic layer. According to Pastor et al. (2019), the interaction of 244 

mutants L60, L95, and K96 between L protein and C protein occurs in the hydrophobic area 245 

preventing the development of mature viruses. Therefore, the C protein model can also be used 246 

as a reference for the development of antiviral treatment. 247 

 Conservation and pocket detection are functional parameters in Phyre2 protein structure 248 

analysis. The conservation model can provide information on the possibility of the presence or 249 

absence of a functional residue. Color indicators ranging from green to red indicate residue 250 

areas with high conservation value; the closer to red, the higher the conservation value (High). 251 

Meanwhile, color indicators from green to purple have a low conservation value; the closer to 252 

purple, the lower the conservation value (Low). Pocket detection is one of the functional 253 

protein parameters used to predict which amino acids can be used as active sites. The largest 254 

pocket is often found as an active site location. The largest pocket detected by the fpocket2 255 

program (le Guilloux et al., 2009) is shown in red wireframe mode. Pocket detection was not 256 

detected in the S Protein (Figure 2C) but was detected in the C protein with four active pocket 257 

sites (Figure 3C). The hydrophobic pocket of an external component can be bound by the HBV 258 

capsid. According to Lecoq et al. (2021), the homolog of Triton X-100 is predicted to disrupt 259 

the HBV life cycle by either engaging in competition with the natural pocket factor or by 260 

impeding capsid dynamics into a single conformation. A novel target for medication to 261 

intervene in the HBV life cycle is the hydrophobic pocket. This allows the C protein to bind to 262 

the HBV capsid and inhibit the process of transferring genetic material and HBV replication. 263 

The results suggest that the S Protein model requires additional templates to improve its quality, 264 

while the C protein model exhibits better quality and can serve as a reference for future 265 

research. 266 

Research on the interactions between proteins and ligands is crucial to knowing the 267 

mechanism of biological regulation. This technique can identify potentially active compounds 268 

with the greatest for developing drugs and forecast the binding affinity of molecules inside 269 

certain receptor targets (Fu et al., 2018). In this study, hotspot aa W36 has the highest 270 

nonbonded interaction of 9.14% on Model 1 of S protein (Figure 4A), whereas model 2  has 271 

the highest nonbonded interaction of 22.13% on hotspot T125 (Figure 4B). The C protein 272 

hotspot aa W102 has the highest average nonbonded interaction of 6.03% (Figure 4C), 273 

followed by L37.B of 5.81%. Hotspots were often linked to protein areas that bind low 274 

molecular weight molecules, a single ligand that has the same moiety as a substructure, and a 275 

single binding subpocket across various structures (Wakefield et al., 2020). Protein C shows a 276 
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lower affinity value between model 1 and model 2 of S protein. Lower values signify a stronger 277 

hydrogen bond between the drug and the protein receptor as well as a greater binding affinity 278 

(Uzzaman et al., 2019; Thafar et al., 2022). In addition, hotspot aa W102 of C protein is also a 279 

protein pocket site and the most conserved site based on SWISS-MODEL analysis. There is a 280 

potential to bind C Protein using alternative compounds. 281 

 282 

Conclusions 283 

Mutations in the B3 subgenotype consist of S protein mutations (L21S) and C protein mutations 284 

(P79Q and S87G) which cause chronic HBV in Indonesia. The model for S Protein from 285 

homology structure prediction can be said to be reliable thus it still needs more templates from 286 

experimental techniques. While C Protein structure prediction can provide information for 287 

further research in alternative natural antiviral treatment supported by a Z-score value above -288 

4.0, has four active pocket site, and has the highest binding affinity capability.. 289 
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