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ABSTRAK 

Pengembangan Strategi Anti-HBV di Jember: Integrasi Prevalensi, Surveilans 

Molekuler, dan Skrining In Silico: Noer Sidqi Muhammadiy: 232220101007: 

2024: 62 Halaman: Fakultas Farmasi: Universitas Jember 

Hepatitis B merupakan masalah kesehatan global yang signifikan, 

disebabkan oleh virus Hepatitis B (HBV) yang dapat mengakibatkan infeksi akut 

dan kronis, sirosis hati, serta kanker hati. HBV dapat ditularkan secara horizontal 

melalui kontak dengan cairan infeksius dan secara vertikal dari ibu ke anak. 

Indonesia memiliki prevalensi Hepatitis B yang tinggi, namun penelitian terkait 

genotipe HBV di wilayah tertentu, seperti Kabupaten Jember, masih terbatas. 

Penelitian ini bertujuan untuk mengidentifikasi prevalensi infeksi Hepatitis B okult 

(OBI) dan mengidentifikasi genotipe HBV di Kabupaten Jember, Jawa Timur. 

Sampel serum dikumpulkan dari 330 donor darah dan 14 pasien positif HBsAg di 

Kabupaten Jember. Seluruh DNA HBV sampel diisolasi dan diamplifikasi 

menggunakan nested PCR pada wilayah S/P genom HBV. Genotipe HBV 

ditentukan melalui proses sequencing. Analisis filogenetik dilakukan menggunakan 

perangkat lunak Seqman, MAFFT, Mega 11, dan BioEdit. Dari 330 donor darah, 9 

sampel (2,8%) positif HBV DNA, menunjukkan adanya OBI. Dari 14 sampel 

pasien positif HBsAg, 2 sampel (14,29%) menunjukkan hasil negatif setelah di 

amplifikasi menggunakan nested PCR. Hal ini menyoroti keterbatasan uji HBsAg 

dan pentingnya teknik molekuler untuk diagnosis yang lebih akurat. Hasil analisis 

filogetik diketahui bahwa sampel positif merupakan genotipe B subgenotipe B3 

sebanyak 5 sampel dan subgenotipe B4 sebanyak 4 sampel. Terdapat berbagai 

mutasi pada gen S dan RT yang dapat mempengaruhi deteksi HBsAg serta 

resistensi terhadap terapi antivirus. Prevalensi OBI di Kabupaten Jember secara 

signifikan lebih tinggi dibandingkan rata-rata global. Penelitian ini menekankan 

pentingnya mengombinasikan metode pengujian HBsAg dan PCR untuk 

mendiagnosis Hepatitis B secara akurat serta mencegah penularannya melalui 

donor darah. Hasil molecular docking menunjukkan bahwa lamivudine dan 

tenofovir menunjukkan penurunan aktivitas berdasarkan nilai G dibandingkan 

dengan wild type. Sedangkan telbivudine merupakan obat dinilai masih sensitive 

terhadap HBV yang berkembang di jember berdasarkan uji secara molecular 

docking.  

 

Kata Kunci: Hepatitis B, Infeksi Hepatitis B Okult (OBI), Genotipe HBV, 

Molecullar Docking, Nested PCR, Uji Serologis, DNA HBV, Jember, Indonesia, 

Prevalensi. 
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RINGKASAN 

Pengembangan Strategi Anti-HBV di Jember: Integrasi Prevalensi, Surveilans 

Molekuler, dan Skrining In Silico: Noer Sidqi Muhammadiy: 232220101007: 

2024: 62 Halaman: Fakultas Farmasi: Universitas Jember 

Hepatitis adalah peradangan hati yang dapat disebabkan oleh virus atau 

agen non-infeksius, dengan risiko komplikasi serius seperti sirosis dan kanker hati. 

Terdapat lima jenis utama virus yang menyebabkan terjadinya hepatitis yakni HAV, 

HBV, HCV, HDV, dan HEV yang memiliki perbedaan pada cara penularan, tingkat 

keparahan, dan pencegahan. Virus hepatitis menyebabkan sekitar 1,4 juta kematian 

setiap tahun; Hepatitis B menyumbang 47% dari total tersebut. Kasus baru HBV di 

Indonesia dilaporkan meningkat dari dari 0,2% pada tahun 2013 menjadi 0,4 % 

pada tahun 2018 dengan total kasus mencapa 17,5 juta jiwa pada tahun 2022. 

Keunikan lain dari HBV yakni setelah pasien sembuh dari infeksi HBV, DNA HBV 

tidak benar-benar hilang dari sel hepar penyintas. Hal ini terkait kemampuan HBV 

bertahan karena memiliki sifat okultisme (OBI) dengan cara membiarkan DNA 

HBV tetap dalam bentuk cccDNA, bentuk inilah yang dapat bertahan lama. 

Meskipun tidak aktif secara agresif namun bentuk cccDNA HBV masih dapat 

melakukan translasi dalam jumlah yang sangat sedikit dan dapat menularkan pada 

individu lainnya. Hal ini sangat berbahaya karena OBI tidak dapat dideteksi 

menggunakan rapid tes antigen antibodi seperti HBsAg tes. Salah satu yang 

mempengaruhi tingkat keparahan dari infeksi HBV yakni jenis genotipe HBV yang 

menginfeksi. Penelitian tentang OBI dan genotipe HBV di Pulau Jawa, termasuk 

Jember, masih sangat terbatas. Oleh karena peneliti ingin melakukan penelitian 

terkait hal ini untuk mengetahui prevalensi OBI dan jenis genotipe yang tersebar di 

Kabupaten Jember, sehingga hasil dari penelitian ini diharapkan menjadi rujukan 

untuk membuat kebijakan pencegahan dan tatalaksana terapi infeksi HBV di 

Kabuoaten Jember. Untuk mendukung terciptanya tatalaksana terapi yang efektif 

dan efisien maka peneliti juga melakukan analisis secara komputasi atau molecular 

docking antara obat – obat yang biasa dipakai di Indonesia dengan sekuens DNA 

yang didapat dari hasil analisis OBI dan genotipe pada penelitian ini. Hal ini 

bertujuan untuk mengevaluasi sensitivitas terhadap mutasi HBV di Jember. 

Sehingga penelitian ini juga diharapkan dapat memberikan rekomendasi obat yang 

efektif dan efisien untuk infeksi HBV yang terjadi di Kabupaten Jember.  

Penelitian ini merupakan jenis penelitian deskriptif eksploratif dengan 

metode cross – sectional. Sampling sampel serum donor darah normal di lakukan 

di Palang Merah Indonesia (PMI) Kabupaten Jember, dan sebagai kontrol positif 

peneliti juga melakukan sampling serum darah pasien HBsAg positif di ambil dari 

Rumah Sakit Umum Daerah dr. Soebandi Jember, Rumah Sakit Perkebunan Jember 

Klinik, dan Rumah Sakit Umum Kaliwates Jember. Semua responden mengisi dan 

telah menyetujui informed consent yang diberikan oleh peneliti. Kemudian isolasi 

DNA HBV dan nested PCR dilakukan di VG – Care, 108 Military Central Hospital, 

Hanoi, Vietnam. Isolasi DNA menggunakan QIAamp DNA Mini kit. Nested PCR 

menggunakan dua tahap dengan primer khusus (HBV 022, 065, 066 untuk outer; 

HBV 024, 041, 064 untuk inner PCR) dengan menargetkan region S/P (332 bp) 
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genom HBV. Hasil positif DNA HBV atau OBI akan dikirim ke Institute of 

Tropical Medicine, University of Tübingen, Jerman untuk dilakukan sekuensing dan 

analisis filogenetik. Sekuens DNA hasil penelitian ini disusun menggunakan 

perangkat lunak SeqMan dan kemudian disejajarkan (alignment) menggunakan 

MAFFT versi 7. Analisis filogenetik dilakukan dengan menggunakan perangkat 

lunak MEGA 11, dengan metode neighbor-joining serta model evolusi K2+G, dan 

nilai bootstrap sebanyak 1000 untuk memastikan keandalan pohon filogenetik. 

Pohon filogenetik yang dihasilkan kemudian divisualisasikan menggunakan 

platform iTOL. Selanjutnya, analisis mutasi pada sekuens DNA dilakukan 

menggunakan perangkat lunak BioEdit dan geno2pheno. Kemudian sekuens DNA 

HBV (OBI) yang deperoleh dengan berbagai mutasi selanjutnya digunakan sebagai 

reseptor dalam uji molecular docking. Struktur 3D dari sekuens DNA HBV 

diprediksi dengan PyMOL, sedangkan ligan diperoleh dari database PubChem. 

Obat yang di uji sebagai ligan yakni tenofovir, adefovir, entecavir, lamivudine, dan 

telbivudine. Hasil molecular docking divisualisasikan menggunakan BIOVIA 

Discovery Studio.  

Hasil analisis DNA HBV pada sampel serum donor darah kami menemukan 

prevalensi OBI sebesar 2,8% atau 9 dari 330 sampel donor darah positif DNA HBV 

dengan metode nested PCR. Semua sampel OBI merupakan genotipe B. Dari 9 

sampel  tersebut 5 diantaranya di kategorikan sebagai HBV subgenotipe B3 yakni 

A6, A8, A25,D59, dan E20.  Sedangkan 4 sampel lainnya yakni A23, C24, C32 dan 

E28 di kategorikan sebagai HBV subgenotipe B4. Semua sampel OBI memiliki 

mutasi yang beragam pada domain RT Pol dan S. pada domain S mutasi P127T and 

N207S terdapat pada 55,6% dari sampel OBI. Sedangkan pada domain RT Pol 

mutasi N124H dan N134D ditemukan pada semua sampel yang terkonfirmasi OBI. 

Mutasi pada domain S berpengaruh terhadap kemampuan sensitivitas dari rapid tes, 

sedangkan pada domain RT Pol berhubungan dengan resistensi anti virus.  

Kemudian semua sekuens DNA yang didapat di lakukan molecular docking  

terhadap obat anti virus yang di gunakan di Indonesia. Hasilnya menunjukkan 

bahwa lamivudine dan tenofovir memiliki nilai G yang paling kecil dengan 

stabilitas paling rendah, hal ini menunjukkan kemungkinan adanya penurunan 

sensitivitas lamivudine dan tenofovir terhadap HBV yang tersebar di Kabupaten 

Jember, sedangkan telbivudine memiliki nilai G yang paling besar diantara obat 

lain yang mengindikasikan kemungkinan besar telbivudine masih sangat sensitif 

terhadap HBV yang ada di Jember.  

Kesimpulan dari penelitian ini yakni prevalensi OBI yang di temukan yakni 

2,8% dengan genotipe B dan subgenotipe B3 dan B4. Obat lamivudine memiliki 

potensi mengalami resistensi berdasarkan nilai G yang lebih kecil dibandingkan 

wild type. Sedangkan telbivudine masih sangat sensitive terhadap HBV yang 

tersebar di Kabupaten Jember.  
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SUMMARY 

Development of Anti-HBV Strategies In Jember: Integrating Prevalence, 

Molecular Surveillance, and In Silico Screening: Noer Sidqi Muhammadiy: 

232220101007: 2024: 62 Page: Faculty of Pharmacy: University of Jember 

Hepatitis is an inflammation of the liver that viral or non-infectious agents 

may cause, and carries the risk of serious complications such as cirrhosis and 

hepatocellular carcinoma. There are five major types of hepatitis viruses—HAV, 

HBV, HCV, HDV, and HEV—each differing in transmission route, disease 

severity, and methods of prevention. Hepatitis viruses are responsible for 

approximately 1.4 million deaths annually, with Hepatitis B accounting for 47% of 

the total. In Indonesia, the incidence of new HBV cases increased from 0.2% in 

2013 to 0.4% in 2018, with a total of 17.5 million cases reported by 2022. A unique 

characteristic of HBV is its ability to persist in hepatocytes even after clinical 

recovery has occurred. This is due to its occult nature (Occult Hepatitis B Infection 

or OBI), in which HBV DNA remains in the form of covalently closed circular 

DNA (cccDNA), a stable form capable of persisting long-term. Although cccDNA 

is not actively active, it may still undergo limited translation and has the potential 

to be transmitted to others. This condition is particularly concerning as OBI cannot 

be detected using routine antigen-antibody rapid tests such as HBsAg tests. One 

factor that influences the severity of HBV infection is the viral genotype. Research 

on OBI and HBV genotypes, especially in Java Island and specifically Jember, 

remains limited. Therefore, this study aims to investigate the prevalence of OBI and 

the circulating HBV genotypes in the Jember Regency. The findings are expected 

to inform public health policies for the prevention and management of HBV 

infection in this region. To support the development of effective and efficient 

antiviral therapies, this study also includes computational analysis through 

molecular docking between commonly used antiviral agents in Indonesia and the 

HBV DNA sequences obtained from the OBI and genotype analysis.  

This study employs a descriptive exploratory research design using a cross-

sectional approach. Serum samples from healthy blood donors were collected at the 

Indonesian Red Cross (PMI) in Jember Regency. As positive controls, serum 

samples from HBsAg-positive patients were collected from Dr. Soebandi Regional 

General Hospital, Jember Klinik Plantation Hospital, and Kaliwates General 

Hospital. All participants provided informed consent before sample collection. 

HBV DNA isolation and nested PCR were conducted at VG-Care, 108 Military 

Central Hospital, Hanoi, Vietnam, using the QIAamp DNA Mini Kit. Nested PCR 

was performed in two stages using specific primers (HBV 022, 065, 066 for the 

outer PCR; HBV 024, 041, 064 for the inner PCR), targeting the S/P region (332 

bp) of the HBV genome. Positive HBV DNA or OBI samples were sent to the 

Institute of Tropical Medicine at the University of Tübingen, Germany, for 

sequencing and phylogenetic analysis. The DNA sequences were assembled using 

SeqMan software and aligned using MAFFT version 7. Phylogenetic trees were 

constructed using MEGA 11 software with the neighbor-joining method and the 

K2+G evolutionary model, and 1000 bootstrap replications were performed to 
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ensure reliability. The resulting trees were visualized using the iTOL platform. 

Subsequent mutation analysis was performed using BioEdit and geno2pheno 

software. The HBV DNA sequences (OBI) with identified mutations were then 

used as receptors in molecular docking tests. The 3D structures of HBV sequences 

were predicted using PyMOL, while ligand structures were obtained from the 

PubChem database. The antiviral agents tested as ligands included tenofovir, 

adefovir, entecavir, lamivudine, and telbivudine. Docking results were visualized 

using BIOVIA Discovery Studio.  

The analysis of HBV DNA from donor serum samples revealed an OBI 

prevalence of 2.8%, with 9 out of 330 blood donor samples testing positive for HBV 

DNA via nested PCR. All OBI samples were identified as genotype B. Among 

them, 5 samples (A6, A8, A25, D59, and E20) were classified as subgenotype B3, 

while the remaining 4 samples (A23, C24, C32, and E28) were subgenotype B4. 

All OBI samples exhibited various mutations in both the RT Pol and S domains. In 

the S domain, P127T and N207S mutations were found in 55.6% of OBI samples. 

In the RT Pol domain, N124H and N134D mutations were detected in all confirmed 

OBI samples. Mutations in the S domain may impair detection by rapid tests, while 

those in the RT Pol domain are associated with antiviral resistance. All DNA 

sequences were subjected to molecular docking with antiviral agents used in 

Indonesia. The results showed that lamivudine and tenofovir had the lowest ΔG 

values and the least stable interactions, indicating potentially reduced sensitivity to 

circulating HBV strains in Jember. In contrast, telbivudine exhibited the highest ΔG 

values, suggesting that it remains highly effective against HBV in this region.  

In conclusion, the prevalence of OBI in Jember Regency was found to be 

2.8%, with HBV genotype B being the dominant strain, specifically subgenotypes 

B3 and B4. Lamivudine and tenofovir showed a potential for resistance, based on 

its lower ΔG values compared to the positive control. Conversely, telbivudine 

remains highly sensitive and potentially effective for treating HBV infections in 

Jember. 
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CHAPTER I. INTRODUCTION 

1.1. Background 

Hepatitis is a condition characterized by liver inflamation caused by 

infections (viruses) or non-infectious agents, potentially leading to various health 

issues, including mortality. Generally, the five main types of hepatitis viruses that 

infect humans are A, B, C, D, and E, each varying in transmission methods, disease 

severity, and prevention strategies (World Health Organization, 2023a). Hepatitis 

B can cause both acute and chronic hepatitis infections increasing the risk of 

cirrhosis and liver cancer. The transmission of hepatitis B can spread through 

horizontal transmission (unprotected sex, sharing syringes, or contact with infected 

blood) and  vertical transmission (from mother to her baby during childbirth) 

(Tripathi and Mousa, 2023). Hepatitis B can survive outside the body for up to 7 

days and can infect unvaccinated individuals if it enters their body. Incubation for 

the hepatitis B virus typically requires 30 to 180 days with the detection of genetic 

material occurring within 30 to 60 days of infection (World Health Organization, 

2023b). Many newly infected show don’t have symptomps, but some may 

experience acute symptoms that can last for several weeks, such as jaundice, dark 

urine, fatigue, nausea, vomiting, abdominal pain, and a lot of people will recover 

from acute illness, chronic hepatitis B can lead to progressive liver disease and 

complications such as cirrhosis and HCC (World Health Organization, 2023b).  

According to the WHO, hepatitis viruses cause 1.4 million deaths 

worldwide each year due to acute hepatitis infection, HCC, and liver cirrhosis, with 

mortality rising. Since 2000 hepatitis C and B have been responsible for 48% and 

47% of these deaths, respectively (Kementerian Kesehatan Republik Indonesia, 

2020). In 2019, the WHO estimated that 296 million people were living with 

chronic Hepatitis B infection with 1.5 million new infections each year (World 

Health Organization, 2023b). Southeast Asia has approximately 61 million 

Hepatitis B cases, with Indonesia having the highest prevalence (Nguyen et al., 

2020). Data from Riset Kesehatan Dasar (Riskesdas) showed diagnosed hepatitis 
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CHAPTER 2. LITERATURE REVIEW 

2.1. Viral Infection and Hepatitis  

The globalization trend has led to an increased spread of infectious diseases, 

with viral infections emerging as major global health threats, exemplified by the 

COVID-19 pandemic and monkeypox outbreaks. Viruses, which are small particles 

containing genetic material (DNA or RNA), replicate only within host cells. While 

some viruses, like hepatitis viruses, are endemic in regions with poor sanitation, 

most viral infections affect the gastrointestinal (e.g., hepatitis viruses) and 

respiratory tracts (e.g., COVID-19) (Kotra, 2019). Viral transmission occurs rapidly 

through contact with infected individuals or contaminated surfaces, particularly 

endangering immunocompromised individuals, the elderly, newborns, and those 

with underlying health conditions (Barker, Stevens and Bloomfield, 2001).  

Viral pathogenesis requires a sufficient viral load, interaction with 

susceptible cells, and an inadequate host immune response. Each virus has distinct 

mechanisms of entry, such as hepatitis viruses targeting digestive tract epithelial 

cells and COVID-19 infecting respiratory epithelial cells. These entry pathways 

influence disease progression, determining whether infections remain localized or 

spread systemically (Burrell, Howard and Murphy, 2017). The infection process is 

shaped by three main factors: the virus, the host, and the environment. After entry, 

viruses undergo incubation and latency periods before reaching the immunogenicity 

threshold needed to trigger an immune response. Incubation periods vary, with 

localized infections (e.g., respiratory viruses) having shorter durations (2-5 days), 

while blood-borne viruses (e.g., rabies) exhibit longer latency (Figure 2.1.1). 

Immunogenicity varies across viruses; some, like measles and rubella, induce 

lifelong immunity, whereas others, such as HIV-1, evade immune responses 

through complex mechanisms (Kaslow, 2014).  
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CHAPTER 3. RESEARCH METHODOLOGY 

3.1. Type of Research  

The type of this research is exploratory and descriptive with a cross-sectional 

study method through genomic analysis of hepatitis B and an epidemiological 

study of Occult Hepatitis B Infection.  

3.2. Location and Time of Research  

This study was conducted from February 2024 to July 2024 at different 

locations for sample preparation and testing. Sample preparation was carried 

out at the Biochemistry Laboratory of the Faculty of Medicine, University of 

Jember. DNA extraction and Nested PCR were performed at the Vietnamese-

German Center for Medical Research (VG-CARE), 108 Military Central 

Hospital, Vietnam. Positive HBV results from the Nested PCR were then sent 

to the Institute of Tropical Medicine, Universitätsklinikum Tübingen, 

Tübingen, Germany, for purification, sequencing, and genotype determination.  

3.3. Population and Samples of Research 

The samples in this study consisted of serum from HBsAg-reactive patients and 

serum from blood donors who tested negative for HBsAg, anti-HCV, anti-HIV, 

and syphilis using rapid tests. Serum from HBsAg-reactive patients was 

collected from hospitals in Jember Regency, including dr. Soebandi Regional 

Hospital, Jember Klinik General Hospital, Kaliwates General Hospital, Citra 

Husada Hospital, and Bina Sehat Hospital. Meanwhile, serum samples from 

blood donors were collected from the Blood Donor Bank of Palang Merah 

Indonesia (PMI) in Jember Regency.  

3.4. Ethical Clearence 

The Ethics Committee of the Faculty of Medicine, University of Jember 

(Jember, Indonesia) has approved the research protocol with Ethics Approval 
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CHAPTER 4. RESULT AND DISCUSSION 

5.1. Basic Characteristics of Samples 

Three hundred thirty serum samples were collected from prospective blood 

donors at the Indonesian Red Cross (PMI) in Jember Regency. All donors were 

residents of Jember Regency, with the youngest being 16 years old, the oldest 65 

years old, and a median age of 37 years. The ratio of female to male donors was 

1:5. Additionally, we collected 14 samples from HbSAg-reactive (+) patients from 

Dr. Soebandi Regional Hospital (RSDS), Jember Klinik Hospital (RSJK), and 

Kaliwates General Hospital (RSUK). The patients' ages ranged from 27 to 74 years, 

with a median age of 45. The ratio of female to male patients was 1:2. The basic 

characteristics data are presented in Table 4.1.1.  

5.2. Optimization of Nested PCR  

Optimization was conducted in two stages, namely annealing temperature 

optimization and DNA template concentration optimization. The main procedure 

for nested PCR was based on previous studies conducted by Tung et al., 2022; Hoan 

et al., 2021; Al Baqlani et al., 2014; and Oluyinka et al., 2015, with modifications 

made to the nested PCR temperature settings due to differences in laboratory 

conditions and PCR equipment used in this study. The results of the annealing 

temperature optimization are presented in Figures 4.2.2 (A) and (B), which 

demonstrate that the nested PCR performed using the Mastercycler Nexus PCR 

machine in the VG Care laboratory yielded optimal results under the following 

conditions for the outer PCR: initial denaturation at 94°C for 3 minutes, 

denaturation at 94°C for 30 seconds, annealing at 55°C for 30 seconds, extension 

at 72°C for 30 seconds, and final extension at 72°C for 10 minutes, for a total of 35 

cycles. For the inner PCR, the conditions were similar to those of the outer PCR, 

except for the annealing temperature, which was optimized at 63°C for 30 seconds, 

with a total of 30 cycles.  

 

 



51 

 

 

 

 

CHAPTER 5. CONCLUSION AND RECOMENDATIONS 

5.1. Conclusion  

1. The study concludes that the prevalence of OBI in Jember Regency is 2.8%, 

which is significantly higher than the global OBI prevalence of 0.3%. This 

finding indicates a considerable hidden burden of HBV infection in the 

region. Additionally, two out of fourteen HBsAg-positive samples tested 

negative by nested PCR, suggesting the possibility of false-positive HBsAg 

results. However, this remains a hypothesis and requires further investigation 

for validation. 

2. Genotype analysis of all OBI-positive samples indicated that all belonged to 

genotype B. Further subgenotyping revealed that five samples were classified 

as subgenotype B3 (A6, A8, A25, D59, and E20), while four samples were 

classified as subgenotype B4 (A23, C24, C32, and E28). This suggests that 

genotype B, particularly subgenotypes B3 and B4, predominates in HBV 

strains circulating in the Jember region.  

3. The molecular docking analysis revealed reduced binding affinities between 

mutated HBV proteins and five antiviral ligands, with Lamivudine and 

Tenofovir consistently demonstrating the most notable decrease in binding 

efficacy. Mutations observed in the pre S/S and Reverse Transcriptase 

Polymerase gene domains, such as P127T, N270S, N124H, and N134D, 

likely alter the structural conformation of the binding sites. The most common 

types of molecular interactions involved van der Waals forces, hydrogen 

bonds, and carbon-hydrogen bonds. 

5.2. Recomendations 

Researchers recommend that to accurately diagnose HBV patients and 

prevent the spread of HBV through blood donation, testing should be conducted 

using both HBsAg and PCR methods. Additionally, Further experimental 
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validation is required to confirm the biological impact of the mutations on antiviral 

therapeutic efficacy in cases of occult hepatitis B infection (OBI). The researchers 

also emphasize the need for further studies on the three-dimensional structural 

characterization of the HBV DNA, particularly in the conserved S/P region, through 

crystallographic approaches. In addition, continuous monitoring of the therapeutic 

effectiveness of antiviral agents, especially nucleos(t)ide analogs, is essential to 

anticipate and manage potential resistance due to viral mutations.
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Appendix 3. List of Material 

No 
 

Material 
 

Spesification 
 

1 QIAmp DNA Mini Kit Qiagen GmbH, Hilden, Germany 

2 Ependorf Tube Eppendorf 

3 PCR Tube Thermo Scientific, USA 

5 Etanol - 

6 Microtip or Pipet Tip 

1000 µl 

200 µl (Vertex) 

200 µl (With Filter) 

10 µl (Vertex) 

10 µl (with Filter) 

7 Handsglove or Handscoon V Glove Size M 

8 Primer 

HBV-022_F 

HBV-065_R 

HBV-066_R 

HBV-024_F 

HBV_041_R 

HBV_064_R 

9 Corral Load Buffer 10x Qiagen GmbH, Hilden, Germany 

10 Buffer 10x Qiagen GmbH, Hilden, Germany 

11 Taq DNA Polymerase Qiagen GmbH, Hilden, Germany 

12 dNTPs mix 10mM Qiagen GmbH, Hilden, Germany 

13 ddH2O Thermo Scientific, USA 

14 Agarose Gel - 

15 TAE Liquid - 

16 DNA Ladder 100 Bp New England Biolabs, USA 

17 Buffer AE Thermo Scientific, USA 

18 Loading Dye 6x Thermo Scientific, USA 
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Appendix 4. Structure of Ligans 

   

Gambar 1. Struktur 

tenofovir (Pubchem, 

2025e) 

Gambar 2. Struktur 

telbivudine (Pubchem, 

2025d) 

Gambar 3. Struktur 

lamivudine (Pubchem, 

2025c)  

  

Gambar 4. Struktur adenofir 

(Pubchem, 2025a) 

Gambar 5. Struktur entecavir (Pubchem, 

2025b) 
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Appendix 5. The translated sequences and 3D structural predictions of HBV DNA 

from OBI samples 

Samples Translation Prediction of 3D Structur  

Wild type 

(A0A679D

LW0)  

EHHIRIPRTPARVTGGVFLVDKN

PHNTAESRLVVDFSQFSRGDHRV

SWPKFAVPNLQSLTNLLSSNLSW

LSLDVSAAFYHLPLHPAAMPHLL

VGSSGLSRYVARLSSNSRILNHQ

RGTMQNLHDYCSRNLYVSLLLL

YQTFGRKLHLYSHPIILGFRKIPM

GVGLSPFLLAQFTSAICSVVRRAF

PHCLAFSYMDDVVLGAKSVQHL

ESLFTAVTNFLLSLGIHLNPNKTK

RWGYSLNFMGYV 

 

 

 

A6 QGMLPVCPLIPGSSTTSTGPCKTC

TTPAQGTSMFPSCCCTKPTDGNC

TCIPIPSSWAFAKFLWEWASVRF

SWLSSLVPFVQWFVGLSPTVWL

L 
 

A8 QGMLPVCPLIPGSSTTSTGPCKTC

TTTAQGTSMFPSCCCTKPTDGNC

TCIPIPSSWAFAKYLWEWASVRF

SWLSLLVPFVQWFVGLSPIVWLS

VIWMMWFWGPSLCNILSP  

A23 LKVCCPFVL*FQDHQPPAPDHAE

PARLLLKEPLCFPHVAVQNLRTE

TAPVFPSHHLGLSQNTYGS 

GPQSVSLGSVY*CHLFSGS*GFPP

LSGFQLYGY*YGI GGQVCTAS*V 
 

A25 QGMLPVCPLIPGSSTTSTGPCKTC

TTTAQGTSMFPSCCCTKPTDGNC

TCIPIPSSWAFAKYLWEWASVRF

SWLLVPFVQWFVGLSPIVWLSVI

WMMWFWGPSLYS 
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Samples Translation Prediction of 3D Structur  

C24 QGMLPVCPLIPGSSTTSTGPCRTC

TTTAQGTSMFPSCCCTKPDGNCT

CI 

PIPSSWAFAKYLWEWASVRFSW

LSLLVPFVQWFVGLSPTVWLSVI

WMMWYWGP  

C32 SRYVARLSSNSRIIHHQHRTMQN

LHDSCSRNLYVSLMLLYKTYGR

KLHLYSHPIILGFRKIPMGVGLSP

FLLAQFTSAVCSVVRRAFPHCLA

FSYMDDVVLGAKSVQHRES 

 

D59 VCCPFVL*FQDHQPPAPDHAKPA

RLLLKEPLCFPHVAVQNLRTETA

PVFPSHHLGLSQNSYGSGPQSVS

LGSVH*CHLFSGS*GFPPLSGFQL

YG*CGFGGQV 

 

E20 LKVCCPFVL*FQDHQPPAPDHAK

PARLLLKEPLCFPHVAVQNLRTE

TAPVFPSRHLGLSQNTYGSGPQS

VSPGSVY*CHLFSGS*GFPPLSGF

QLYG*CGFGGQVCTAS*V 

 

E28 GEYQGMLPVCPLIPGSSTTSTGPC

RTCTTTAQGTSMFPSCCCTKPTD

GNCTCIPIPSSWAFAKYLWEWAS

VRFSWLSLLVPFVQWFVGLSPTV

WLSVIWMMWYWGPSLYSI 
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Appendix 6. Result of Molecullar Docking  

Ligand 
Binding 

Affinity 

rmsd/u

b 

rmsd/l

b 

d59_135398508_uff_e=422.05 -50 0 0 

d59_135398508_uff_e=422.05 -50 21625 19575 

d59_135398508_uff_e=422.05 -49 2141 19494 

d59_135398508_uff_e=422.05 -49 21581 19582 

d59_135398508_uff_e=422.05 -48 6603 3147 

d59_135398508_uff_e=422.05 -48 2671 1842 

d59_135398508_uff_e=422.05 -48 2214 20672 

d59_135398508_uff_e=422.05 -47 24343 22465 

d59_135398508_uff_e=422.05 -47 22689 20671 

d59_159269_uff_e=293.18 -60 0 0 

d59_159269_uff_e=293.18 -58 542 1906 

d59_159269_uff_e=293.18 -49 21447 18768 

d59_159269_uff_e=293.18 -49 3271 2041 

d59_159269_uff_e=293.18 -48 1659 14903 

d59_159269_uff_e=293.18 -48 12608 10199 

d59_159269_uff_e=293.18 -47 21367 1963 

d59_159269_uff_e=293.18 -47 22803 20249 

d59_159269_uff_e=293.18 -46 19174 17448 

d59_464205_uff_e=609.73 -61 0 0 

d59_464205_uff_e=609.73 -56 236 1791 

d59_464205_uff_e=609.73 -55 5798 4336 

d59_464205_uff_e=609.73 -55 21514 19731 

d59_464205_uff_e=609.73 -54 6073 4031 

d59_464205_uff_e=609.73 -54 18295 16201 

d59_464205_uff_e=609.73 -54 5256 4104 

d59_464205_uff_e=609.73 -53 5245 3963 

d59_464205_uff_e=609.73 -53 6657 5057 

d59_60172_uff_e=582.80 -58 0 0 

d59_60172_uff_e=582.80 -53 5921 4418 

d59_60172_uff_e=582.80 -51 2332 1624 

d59_60172_uff_e=582.80 -51 5886 4063 

d59_60172_uff_e=582.80 -49 3301 2791 

d59_60172_uff_e=582.80 -48 2001 1658 

d59_60172_uff_e=582.80 -48 21854 20049 

d59_60172_uff_e=582.80 -48 4596 3514 

d59_60172_uff_e=582.80 -47 22399 2045 

d59_60825_uff_e=527.89 -50 0 0 

d59_60825_uff_e=527.89 -49 2314 1942 

d59_60825_uff_e=527.89 -49 3991 2483 

d59_60825_uff_e=527.89 -49 1888 1662 



68 

 

 

 

Ligand 
Binding 

Affinity 

rmsd/u

b 

rmsd/l

b 

d59_60825_uff_e=527.89 -48 4074 2803 

d59_60825_uff_e=527.89 -47 20176 1909 

d59_60825_uff_e=527.89 -46 5883 3419 

d59_60825_uff_e=527.89 -45 19482 184 

d59_60825_uff_e=527.89 -45 19159 17904 

control_positif_a0a679dlw0_135398508_uff_e=422.0

5 
-57 0 0 

control_positif_a0a679dlw0_135398508_uff_e=422.0

5 
-57 22165 19729 

control_positif_a0a679dlw0_135398508_uff_e=422.0

5 
-56 4407 2796 

control_positif_a0a679dlw0_135398508_uff_e=422.0

5 
-55 20899 18287 

control_positif_a0a679dlw0_135398508_uff_e=422.0

5 
-55 31087 29248 

control_positif_a0a679dlw0_135398508_uff_e=422.0

5 
-54 23011 2147 

control_positif_a0a679dlw0_135398508_uff_e=422.0

5 
-54 16046 14049 

control_positif_a0a679dlw0_135398508_uff_e=422.0

5 
-54 426 3011 

control_positif_a0a679dlw0_135398508_uff_e=422.0

5 
-53 17043 15564 

control_positif_a0a679dlw0_159269_uff_e=293.18 -58 0 0 

control_positif_a0a679dlw0_159269_uff_e=293.18 -57 8106 5927 

control_positif_a0a679dlw0_159269_uff_e=293.18 -56 23284 21766 

control_positif_a0a679dlw0_159269_uff_e=293.18 -56 982 8614 

control_positif_a0a679dlw0_159269_uff_e=293.18 -55 4845 3006 

control_positif_a0a679dlw0_159269_uff_e=293.18 -55 538 2008 

control_positif_a0a679dlw0_159269_uff_e=293.18 -55 535 2262 

control_positif_a0a679dlw0_159269_uff_e=293.18 -54 9064 7013 

control_positif_a0a679dlw0_159269_uff_e=293.18 -52 3695 1983 

control_positif_a0a679dlw0_464205_uff_e=609.73 -65 0 0 

control_positif_a0a679dlw0_464205_uff_e=609.73 -62 3509 2861 

control_positif_a0a679dlw0_464205_uff_e=609.73 -62 8152 6536 

control_positif_a0a679dlw0_464205_uff_e=609.73 -61 4533 295 

control_positif_a0a679dlw0_464205_uff_e=609.73 -60 6822 4439 

control_positif_a0a679dlw0_464205_uff_e=609.73 -60 9542 7083 

control_positif_a0a679dlw0_464205_uff_e=609.73 -59 9484 6568 

control_positif_a0a679dlw0_464205_uff_e=609.73 -59 8069 648 

control_positif_a0a679dlw0_464205_uff_e=609.73 -58 7499 5421 

control_positif_a0a679dlw0_60172_uff_e=582.80 -64 0 0 

control_positif_a0a679dlw0_60172_uff_e=582.80 -63 8106 6368 

control_positif_a0a679dlw0_60172_uff_e=582.80 -62 2021 1423 

control_positif_a0a679dlw0_60172_uff_e=582.80 -60 7093 5162 

control_positif_a0a679dlw0_60172_uff_e=582.80 -57 9268 657 
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Ligand 
Binding 

Affinity 

rmsd/u

b 

rmsd/l

b 

control_positif_a0a679dlw0_60172_uff_e=582.80 -57 7413 5542 

control_positif_a0a679dlw0_60172_uff_e=582.80 -56 2497 1958 

control_positif_a0a679dlw0_60172_uff_e=582.80 -55 9815 734 

control_positif_a0a679dlw0_60172_uff_e=582.80 -55 7714 7089 

control_positif_a0a679dlw0_60825_uff_e=527.89 -58 0 0 

control_positif_a0a679dlw0_60825_uff_e=527.89 -54 5492 43 

control_positif_a0a679dlw0_60825_uff_e=527.89 -52 6002 4746 

control_positif_a0a679dlw0_60825_uff_e=527.89 -51 2494 2189 

control_positif_a0a679dlw0_60825_uff_e=527.89 -51 6729 5099 

control_positif_a0a679dlw0_60825_uff_e=527.89 -50 5951 3667 

control_positif_a0a679dlw0_60825_uff_e=527.89 -50 5876 3438 

control_positif_a0a679dlw0_60825_uff_e=527.89 -49 6881 5577 

control_positif_a0a679dlw0_60825_uff_e=527.89 -48 5867 3435 

a25_135398508_uff_e=422.05 -63 0 0 

a25_135398508_uff_e=422.05 -61 16439 14106 

a25_135398508_uff_e=422.05 -59 6721 4411 

a25_135398508_uff_e=422.05 -59 1665 1503 

a25_135398508_uff_e=422.05 -58 9484 7515 

a25_135398508_uff_e=422.05 -57 3682 3349 

a25_135398508_uff_e=422.05 -57 16698 14978 

a25_135398508_uff_e=422.05 -57 17192 14953 

a25_135398508_uff_e=422.05 -57 3872 3017 

a25_159269_uff_e=293.18 -60 0 0 

a25_159269_uff_e=293.18 -58 5277 2448 

a25_159269_uff_e=293.18 -56 574 2778 

a25_159269_uff_e=293.18 -56 731 5431 

a25_159269_uff_e=293.18 -54 7248 5754 

a25_159269_uff_e=293.18 -54 14204 12206 

a25_159269_uff_e=293.18 -53 16322 15182 

a25_159269_uff_e=293.18 -52 17958 16356 

a25_159269_uff_e=293.18 -52 6236 3851 

a25_464205_uff_e=609.73 -62 0 0 

a25_464205_uff_e=609.73 -59 451 3132 

a25_464205_uff_e=609.73 -57 4541 3174 

a25_464205_uff_e=609.73 -57 5126 3991 

a25_464205_uff_e=609.73 -57 7221 5405 

a25_464205_uff_e=609.73 -56 7208 5079 

a25_464205_uff_e=609.73 -56 6706 4596 

a25_464205_uff_e=609.73 -56 7387 5189 

a25_464205_uff_e=609.73 -56 27 1941 

a25_60172_uff_e=582.80 -59 0 0 

a25_60172_uff_e=582.80 -58 4475 3145 
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Ligand 
Binding 

Affinity 

rmsd/u

b 

rmsd/l

b 

a25_60172_uff_e=582.80 -58 7047 5677 

a25_60172_uff_e=582.80 -57 7698 5603 

a25_60172_uff_e=582.80 -56 5895 4144 

a25_60172_uff_e=582.80 -56 7345 5412 

a25_60172_uff_e=582.80 -56 4435 2972 

a25_60172_uff_e=582.80 -56 18299 16663 

a25_60172_uff_e=582.80 -56 799 5088 

a25_60825_uff_e=527.89 -54 0 0 

a25_60825_uff_e=527.89 -52 2976 2435 

a25_60825_uff_e=527.89 -52 10505 9683 

a25_60825_uff_e=527.89 -51 11899 10983 

a25_60825_uff_e=527.89 -51 8431 6022 

a25_60825_uff_e=527.89 -51 8909 7067 

a25_60825_uff_e=527.89 -51 5346 4012 

a25_60825_uff_e=527.89 -51 18508 17695 

a25_60825_uff_e=527.89 -50 622 4095 

a6_135398508_uff_e=422.05 -63 0 0 

a6_135398508_uff_e=422.05 -61 5789 2069 

a6_135398508_uff_e=422.05 -59 3696 2405 

a6_135398508_uff_e=422.05 -59 18449 15534 

a6_135398508_uff_e=422.05 -57 16125 12826 

a6_135398508_uff_e=422.05 -56 16559 13425 

a6_135398508_uff_e=422.05 -56 15475 1391 

a6_135398508_uff_e=422.05 -55 1916 16838 

a6_135398508_uff_e=422.05 -53 1603 14627 

a6_159269_uff_e=293.18 -63 0 0 

a6_159269_uff_e=293.18 -60 4877 3336 

a6_159269_uff_e=293.18 -57 14455 12512 

a6_159269_uff_e=293.18 -56 5912 3343 

a6_159269_uff_e=293.18 -55 3246 1812 

a6_159269_uff_e=293.18 -55 5997 3739 

a6_159269_uff_e=293.18 -54 5294 3451 

a6_159269_uff_e=293.18 -54 12211 10328 

a6_159269_uff_e=293.18 -54 14357 12095 

a6_464205_uff_e=609.73 -64 0 0 

a6_464205_uff_e=609.73 -61 3228 2101 

a6_464205_uff_e=609.73 -60 5114 3304 

a6_464205_uff_e=609.73 -60 18095 15777 

a6_464205_uff_e=609.73 -60 5228 3995 

a6_464205_uff_e=609.73 -60 3316 2809 

a6_464205_uff_e=609.73 -59 3848 278 

a6_464205_uff_e=609.73 -59 5224 3107 
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Ligand 
Binding 

Affinity 

rmsd/u

b 

rmsd/l

b 

a6_464205_uff_e=609.73 -59 16454 13989 

a6_60172_uff_e=582.80 -66 0 0 

a6_60172_uff_e=582.80 -65 2033 1359 

a6_60172_uff_e=582.80 -59 4687 2865 

a6_60172_uff_e=582.80 -58 387 2493 

a6_60172_uff_e=582.80 -58 5616 4651 

a6_60172_uff_e=582.80 -58 3682 2809 

a6_60172_uff_e=582.80 -56 4423 284 

a6_60172_uff_e=582.80 -56 5035 3247 

a6_60172_uff_e=582.80 -56 18185 16014 

a6_60825_uff_e=527.89 -54 0 0 

a6_60825_uff_e=527.89 -52 612 3293 

a6_60825_uff_e=527.89 -51 458 3928 

a6_60825_uff_e=527.89 -48 14869 13053 

a6_60825_uff_e=527.89 -48 1476 13893 

a6_60825_uff_e=527.89 -48 15529 13999 

a6_60825_uff_e=527.89 -47 6106 3504 

a6_60825_uff_e=527.89 -47 16537 13504 

a6_60825_uff_e=527.89 -46 16442 15506 

c24_135398508_uff_e=422.05 -66 0 0 

c24_135398508_uff_e=422.05 -64 16879 14854 

c24_135398508_uff_e=422.05 -64 3601 254 

c24_135398508_uff_e=422.05 -64 5166 3292 

c24_135398508_uff_e=422.05 -63 16719 14612 

c24_135398508_uff_e=422.05 -62 3348 2164 

c24_135398508_uff_e=422.05 -61 3576 2479 

c24_135398508_uff_e=422.05 -61 5273 3147 

c24_135398508_uff_e=422.05 -61 3373 2718 

c24_159269_uff_e=293.18 -70 0 0 

c24_159269_uff_e=293.18 -63 4715 2443 

c24_159269_uff_e=293.18 -62 5055 2949 

c24_159269_uff_e=293.18 -61 5574 1774 

c24_159269_uff_e=293.18 -60 16348 13582 

c24_159269_uff_e=293.18 -60 5156 3718 

c24_159269_uff_e=293.18 -59 19949 18215 

c24_159269_uff_e=293.18 -57 2766 2017 

c24_159269_uff_e=293.18 -56 15785 1343 

c24_464205_uff_e=609.73 -59 0 0 

c24_464205_uff_e=609.73 -59 4946 2245 

c24_464205_uff_e=609.73 -57 1978 1038 

c24_464205_uff_e=609.73 -56 2199 169 

c24_464205_uff_e=609.73 -56 2247 1672 
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Ligand 
Binding 

Affinity 

rmsd/u

b 

rmsd/l

b 

c24_464205_uff_e=609.73 -55 4894 3556 

c24_464205_uff_e=609.73 -55 4349 2003 

c24_464205_uff_e=609.73 -55 4938 318 

c24_464205_uff_e=609.73 -55 4078 1761 

c24_60172_uff_e=582.80 -58 0 0 

c24_60172_uff_e=582.80 -56 4874 3378 

c24_60172_uff_e=582.80 -56 5528 31 

c24_60172_uff_e=582.80 -56 4855 3395 

c24_60172_uff_e=582.80 -55 28439 26783 

c24_60172_uff_e=582.80 -55 5225 3476 

c24_60172_uff_e=582.80 -55 2092 1233 

c24_60172_uff_e=582.80 -54 14002 12768 

c24_60172_uff_e=582.80 -53 15098 14126 

c24_60825_uff_e=527.89 -56 0 0 

c24_60825_uff_e=527.89 -55 2667 204 

c24_60825_uff_e=527.89 -55 17926 1564 

c24_60825_uff_e=527.89 -55 2008 1912 

c24_60825_uff_e=527.89 -54 18535 16939 

c24_60825_uff_e=527.89 -54 6787 4845 

c24_60825_uff_e=527.89 -53 13475 12494 

c24_60825_uff_e=527.89 -52 18385 15729 

c24_60825_uff_e=527.89 -52 13386 1162 

e20_135398508_uff_e=422.05 -73 0 0 

e20_135398508_uff_e=422.05 -60 2552 2026 

e20_135398508_uff_e=422.05 -58 5901 358 

e20_135398508_uff_e=422.05 -57 4099 2734 

e20_135398508_uff_e=422.05 -56 3342 1853 

e20_135398508_uff_e=422.05 -56 6035 3408 

e20_135398508_uff_e=422.05 -55 3673 2135 

e20_135398508_uff_e=422.05 -54 2937 2004 

e20_135398508_uff_e=422.05 -52 4632 3357 

e20_159269_uff_e=293.18 -61 0 0 

e20_159269_uff_e=293.18 -58 5661 4224 

e20_159269_uff_e=293.18 -57 5438 3553 

e20_159269_uff_e=293.18 -54 5071 2046 

e20_159269_uff_e=293.18 -53 4202 3124 

e20_159269_uff_e=293.18 -52 6526 3794 

e20_159269_uff_e=293.18 -52 5279 2171 

e20_159269_uff_e=293.18 -52 2144 1661 

e20_159269_uff_e=293.18 -51 4208 3361 

e20_464205_uff_e=609.73 -58 0 0 

e20_464205_uff_e=609.73 -58 2592 14 
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Ligand 
Binding 

Affinity 

rmsd/u

b 

rmsd/l

b 

e20_464205_uff_e=609.73 -56 3174 2554 

e20_464205_uff_e=609.73 -56 3229 2285 

e20_464205_uff_e=609.73 -55 1959 1406 

e20_464205_uff_e=609.73 -54 4952 3578 

e20_464205_uff_e=609.73 -54 4667 2825 

e20_464205_uff_e=609.73 -53 402 2693 

e20_464205_uff_e=609.73 -52 2636 2087 

e20_60172_uff_e=582.80 -59 0 0 

e20_60172_uff_e=582.80 -59 147 1045 

e20_60172_uff_e=582.80 -57 2185 1283 

e20_60172_uff_e=582.80 -54 413 2838 

e20_60172_uff_e=582.80 -54 3661 251 

e20_60172_uff_e=582.80 -53 451 2751 

e20_60172_uff_e=582.80 -53 3067 2459 

e20_60172_uff_e=582.80 -53 3701 271 

e20_60172_uff_e=582.80 -53 3603 2345 

e20_60825_uff_e=527.89 -51 0 0 

e20_60825_uff_e=527.89 -50 3355 2548 

e20_60825_uff_e=527.89 -49 432 3243 

e20_60825_uff_e=527.89 -49 5965 3512 

e20_60825_uff_e=527.89 -48 574 4525 

e20_60825_uff_e=527.89 -48 5362 3714 

e20_60825_uff_e=527.89 -48 3495 2898 

e20_60825_uff_e=527.89 -47 5204 4019 

e20_60825_uff_e=527.89 -46 2319 1792 

c32_135398508_uff_e=422.05 -65 0 0 

c32_135398508_uff_e=422.05 -62 2588 2036 

c32_135398508_uff_e=422.05 -60 4321 2828 

c32_135398508_uff_e=422.05 -58 3164 1747 

c32_135398508_uff_e=422.05 -57 5905 2979 

c32_135398508_uff_e=422.05 -57 2526 1254 

c32_135398508_uff_e=422.05 -55 6385 2438 

c32_135398508_uff_e=422.05 -55 3432 1704 

c32_135398508_uff_e=422.05 -54 15337 11969 

c32_159269_uff_e=293.18 -63 0 0 

c32_159269_uff_e=293.18 -59 3334 2124 

c32_159269_uff_e=293.18 -58 3984 2513 

c32_159269_uff_e=293.18 -57 2248 1235 

c32_159269_uff_e=293.18 -56 2611 1853 

c32_159269_uff_e=293.18 -56 4141 2879 

c32_159269_uff_e=293.18 -56 10517 988 

c32_159269_uff_e=293.18 -55 14584 12108 
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Ligand 
Binding 

Affinity 

rmsd/u

b 

rmsd/l

b 

c32_159269_uff_e=293.18 -53 1312 11181 

c32_464205_uff_e=609.73 -61 0 0 

c32_464205_uff_e=609.73 -60 5286 3517 

c32_464205_uff_e=609.73 -60 3583 2609 

c32_464205_uff_e=609.73 -60 507 315 

c32_464205_uff_e=609.73 -60 5273 3232 

c32_464205_uff_e=609.73 -58 4992 2927 

c32_464205_uff_e=609.73 -58 3525 2506 

c32_464205_uff_e=609.73 -57 3835 2291 

c32_464205_uff_e=609.73 -55 5479 4463 

c32_60172_uff_e=582.80 -55 0 0 

c32_60172_uff_e=582.80 -55 3786 2891 

c32_60172_uff_e=582.80 -54 3919 2754 

c32_60172_uff_e=582.80 -54 4217 261 

c32_60172_uff_e=582.80 -53 2188 1257 

c32_60172_uff_e=582.80 -53 4768 272 

c32_60172_uff_e=582.80 -53 3481 2201 

c32_60172_uff_e=582.80 -53 4267 2544 

c32_60172_uff_e=582.80 -53 5342 3885 

c32_60825_uff_e=527.89 -55 0 0 

c32_60825_uff_e=527.89 -54 2591 2042 

c32_60825_uff_e=527.89 -52 4546 3703 

c32_60825_uff_e=527.89 -52 14125 12955 

c32_60825_uff_e=527.89 -52 604 3376 

c32_60825_uff_e=527.89 -51 11954 11498 

c32_60825_uff_e=527.89 -50 5825 3527 

c32_60825_uff_e=527.89 -49 6033 3397 

c32_60825_uff_e=527.89 -48 5922 3267 

e28_135398508_uff_e=422.05 -64 0 0 

e28_135398508_uff_e=422.05 -60 30365 28328 

e28_135398508_uff_e=422.05 -60 30427 28718 

e28_135398508_uff_e=422.05 -59 6336 2708 

e28_135398508_uff_e=422.05 -58 3205 1721 

e28_135398508_uff_e=422.05 -58 2795 1135 

e28_135398508_uff_e=422.05 -58 862 5632 

e28_135398508_uff_e=422.05 -58 8802 6596 

e28_135398508_uff_e=422.05 -57 5803 3085 

e28_159269_uff_e=293.18 -61 0 0 

e28_159269_uff_e=293.18 -59 5291 1979 

e28_159269_uff_e=293.18 -58 5809 2206 

e28_159269_uff_e=293.18 -57 2783 2069 

e28_159269_uff_e=293.18 -56 5904 3102 
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Ligand 
Binding 

Affinity 

rmsd/u

b 

rmsd/l

b 

e28_159269_uff_e=293.18 -55 547 2063 

e28_159269_uff_e=293.18 -55 4612 3266 

e28_159269_uff_e=293.18 -54 7739 5778 

e28_159269_uff_e=293.18 -53 7378 5964 

e28_464205_uff_e=609.73 -63 0 0 

e28_464205_uff_e=609.73 -59 6178 4268 

e28_464205_uff_e=609.73 -59 217 1764 

e28_464205_uff_e=609.73 -57 6438 4352 

e28_464205_uff_e=609.73 -57 3828 2815 

e28_464205_uff_e=609.73 -57 836 6463 

e28_464205_uff_e=609.73 -56 2183 1649 

e28_464205_uff_e=609.73 -56 6786 4753 

e28_464205_uff_e=609.73 -56 787 6035 

e28_60172_uff_e=582.80 -63 0 0 

e28_60172_uff_e=582.80 -59 6271 4189 

e28_60172_uff_e=582.80 -59 2695 1329 

e28_60172_uff_e=582.80 -58 6239 4412 

e28_60172_uff_e=582.80 -58 1791 1515 

e28_60172_uff_e=582.80 -57 3901 3168 

e28_60172_uff_e=582.80 -57 3008 1782 

e28_60172_uff_e=582.80 -56 2511 1692 

e28_60172_uff_e=582.80 -56 6504 4302 

e28_60825_uff_e=527.89 -55 0 0 

e28_60825_uff_e=527.89 -55 7485 6508 

e28_60825_uff_e=527.89 -54 8146 7149 

e28_60825_uff_e=527.89 -53 8431 7412 

e28_60825_uff_e=527.89 -50 75 6601 

e28_60825_uff_e=527.89 -49 9237 7924 

e28_60825_uff_e=527.89 -49 6123 3731 

e28_60825_uff_e=527.89 -49 8686 7553 

e28_60825_uff_e=527.89 -48 5579 289 

a23_135398508_uff_e=422.05 -52 0 0 

a23_135398508_uff_e=422.05 -52 1894 17036 

a23_135398508_uff_e=422.05 -48 17885 16227 

a23_135398508_uff_e=422.05 -47 17035 15855 

a23_135398508_uff_e=422.05 -47 22076 18233 

a23_135398508_uff_e=422.05 -47 181 16125 

a23_135398508_uff_e=422.05 -47 22511 19519 

a23_135398508_uff_e=422.05 -47 376 2807 

a23_135398508_uff_e=422.05 -47 22616 18807 

a23_159269_uff_e=293.18 -50 0 0 

a23_159269_uff_e=293.18 -46 4463 2699 
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Ligand 
Binding 

Affinity 

rmsd/u

b 

rmsd/l

b 

a23_159269_uff_e=293.18 -46 18741 1691 

a23_159269_uff_e=293.18 -45 5276 2562 

a23_159269_uff_e=293.18 -44 5513 3262 

a23_159269_uff_e=293.18 -44 4086 3108 

a23_159269_uff_e=293.18 -44 15213 13135 

a23_159269_uff_e=293.18 -44 17768 16003 

a23_159269_uff_e=293.18 -43 16818 14958 

a23_464205_uff_e=609.73 -53 0 0 

a23_464205_uff_e=609.73 -51 2686 1726 

a23_464205_uff_e=609.73 -51 3325 185 

a23_464205_uff_e=609.73 -50 4124 2623 

a23_464205_uff_e=609.73 -49 207 1016 

a23_464205_uff_e=609.73 -49 17807 16448 

a23_464205_uff_e=609.73 -46 21483 19697 

a23_464205_uff_e=609.73 -46 24017 22299 

a23_464205_uff_e=609.73 -46 17144 15787 

a23_60172_uff_e=582.80 -56 0 0 

a23_60172_uff_e=582.80 -55 2156 19823 

a23_60172_uff_e=582.80 -55 197 943 

a23_60172_uff_e=582.80 -53 21543 1934 

a23_60172_uff_e=582.80 -49 2005 18228 

a23_60172_uff_e=582.80 -49 20952 1999 

a23_60172_uff_e=582.80 -48 13415 11645 

a23_60172_uff_e=582.80 -48 15124 1302 

a23_60172_uff_e=582.80 -48 3721 2642 

a23_60825_uff_e=527.89 -46 0 0 

a23_60825_uff_e=527.89 -45 22498 20419 

a23_60825_uff_e=527.89 -44 2804 2225 

a23_60825_uff_e=527.89 -44 14045 1293 

a23_60825_uff_e=527.89 -43 13406 11294 

a23_60825_uff_e=527.89 -43 20934 19317 

a23_60825_uff_e=527.89 -42 22096 2044 

a23_60825_uff_e=527.89 -41 20669 19949 

a23_60825_uff_e=527.89 -41 12818 11929 

a8_135398508_uff_e=422.05 -61 0 0 

a8_135398508_uff_e=422.05 -61 10272 9367 

a8_135398508_uff_e=422.05 -60 10204 9288 

a8_135398508_uff_e=422.05 -59 11277 9781 

a8_135398508_uff_e=422.05 -59 989 7578 

a8_135398508_uff_e=422.05 -58 25907 24409 

a8_135398508_uff_e=422.05 -57 3141 1651 

a8_135398508_uff_e=422.05 -57 10846 8736 
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Ligand 
Binding 

Affinity 

rmsd/u

b 

rmsd/l

b 

a8_135398508_uff_e=422.05 -55 2902 2132 

a8_159269_uff_e=293.18 -60 0 0 

a8_159269_uff_e=293.18 -59 26765 25352 

a8_159269_uff_e=293.18 -58 3068 1759 

a8_159269_uff_e=293.18 -57 27755 26542 

a8_159269_uff_e=293.18 -56 2901 192 

a8_159269_uff_e=293.18 -55 20592 18747 

a8_159269_uff_e=293.18 -54 5211 2079 

a8_159269_uff_e=293.18 -53 11417 10395 

a8_159269_uff_e=293.18 -52 5701 222 

a8_464205_uff_e=609.73 -60 0 0 

a8_464205_uff_e=609.73 -57 13167 11678 

a8_464205_uff_e=609.73 -56 7428 607 

a8_464205_uff_e=609.73 -55 33662 31918 

a8_464205_uff_e=609.73 -55 6241 3866 

a8_464205_uff_e=609.73 -55 33584 31835 

a8_464205_uff_e=609.73 -55 14263 12973 

a8_464205_uff_e=609.73 -55 5369 3205 

a8_464205_uff_e=609.73 -55 219 1824 

a8_60172_uff_e=582.80 -56 0 0 

a8_60172_uff_e=582.80 -54 4265 3434 

a8_60172_uff_e=582.80 -54 168 15647 

a8_60172_uff_e=582.80 -54 11702 10227 

a8_60172_uff_e=582.80 -53 29502 28059 

a8_60172_uff_e=582.80 -53 29749 28376 

a8_60172_uff_e=582.80 -52 28116 26597 

a8_60172_uff_e=582.80 -52 2048 1445 

a8_60172_uff_e=582.80 -52 12918 11355 

a8_60825_uff_e=527.89 -56 0 0 

a8_60825_uff_e=527.89 -52 27961 26603 

a8_60825_uff_e=527.89 -49 28223 27181 

a8_60825_uff_e=527.89 -49 5916 2914 

a8_60825_uff_e=527.89 -48 5723 2871 

a8_60825_uff_e=527.89 -48 1733 1486 

a8_60825_uff_e=527.89 -48 34039 33173 

a8_60825_uff_e=527.89 -48 11591 10255 

a8_60825_uff_e=527.89 -48 28652 27163 

Table description: control_positif_a0a679dlw0 (Wild type); 60172 (Adenovir); 

135398508 (Entecavir); 60825 (Lamivudine); 159269 (Telbivudine); 464205 

(Tenofovir) 

 

  



78 

 

 

 

Appendix 7. Molecullar Interaction Between Ligan and Receptor  

1. Wild Type 

 
 

 

Tenofovir Telbivudine Lamivudine  

  

Adenovir Entecavir 

2. A6 

 

 
 

Tenofovir Telbivudine Lamivudine  



79 

 

 

 

 
 

Adenovir Entecavir 

3. A8 

 
  

Tenofovir Telbivudine Lamivudine  

  

Adenovir Entecavir 
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4. A23 

 
  

Tenofovir Telbivudine Lamivudine  

  

Adenovir Entecavir 

5. A25 

 

  

Tenofovir Telbivudine Lamivudine  
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Adenovir Entecavir 

6. C24 

 
  

Tenofovir Telbivudine Lamivudine  

 
 

Adenovir Entecavir 
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7. C32 

 
  

Tenofovir Telbivudine Lamivudine  

  

Adenovir Entecavir 

 

8. D59 

 

  

Tenofovir Telbivudine Lamivudine  
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Adenovir Entecavir 

 

9. E20 

   

Tenofovir Telbivudine Lamivudine  

  

Adenovir Entecavir 
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10. E28 

 
  

Tenofovir Telbivudine Lamivudine  

  

Adenovir Entecavir 
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Appendix 8. Molecular Interaction Characteristics between HBV Samples and Antiviral Compounds  

Samples Antivirals Residu Type of Bond 
Binding 

Coordinates 

Control 

Positive 

 Adenofir 

Conventional Hydrogen Bond: Arg 128, 

Ser 68; Van der Waals: Leu 67, Tyr 131, Trp 

69, Leu 32, Leu 145, Ser 127, Asn 129, Ser 

209, Leu 210, Phe 211, Leu 130, Lys 144; 

Unfavorable Positive-Positive: Arg 128; 

Unfavorable Positive-Positive: Arg 143 

• Hydrogen Bond (Conventional 

Hydrogen Bond)  

• Unfavorable (Unfavorable Positive-

Positive, Unfavorable Positive-

Positive) 

X: -20,7647 

Y: -101,424 

Z: -25,4899 

Lamivudine  

Van der Waals: Phe 211, Leu 210, Ser 209, 

Ser 127; Conventional Hydrogen Bond: 

Arg 128, Ser 68; Carbon Hydrogen Bond: 

Arg 143; Alkyl: Leu 145 

• Hydrogen Bond (Conventional 

Hydrogen Bond, Carbon Hydrogen 

Bond) 

• Hydrophobic (Alkyl) 

X: -20,343 

Y: -102,104 

Z: -26,3342 

Telbivudine 

Van der Waals: Arg 5, Ile 6, Pro 7, Ser 68, 

Arg 128, Leu 70, Trp 69, Lys 144; Pi-Alkyl: 

Leu 145; Conventional Hydrogen Bond: 

Leu 67, Leu 145, Arg 143 

• Hydrophobic (Pi-Alkyl) 

• Hydrogen Bond (Conventional 

Hydrogen Bond) 

X: -14,8864 

Y: -104,811 

Z: -25,9166 

Tenofovir  

Van der Waals: Leu 32, Phe 185, Leu 67, 

Trp 69, Asn 129, Leu 130, Lys 144, Phe 211, 

Leu 145, Tyr 131; Conventional Hydrogen 

• Hydrogen Bond (Conventional 

Hydrogen Bond, Carbon Hydrogen 

Bond) 

X: -19,7921 

Y: -101,222 

Z: -25,1269 
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Samples Antivirals Residu Type of Bond 
Binding 

Coordinates 

Bond: Ser 68, Arg 128, Ser 209; Carbon 

Hydrogen Bond: Arg 143; Unfavorable 

Positive-Positive: Arg128, Arg 143; 

Unfavorable Donor-Donor: Leu 210 

• Unfavorable (Unfavorable Positive-

Positive, Unfavorable Donor-

Donor) 

Entecavir  

Van der Waals: Ser 127, Cys 126, His 187, 

Leu 189, Cys 188, Leu 62, Asn 61, Gln 205, 

Glu 208; Carbon Hydrogen Bond: His 206; 

Conventional Hydrogen Bond: Asn 129, 

Leu 207, Thr 60; Hydrophobic: Pi-Alkyl 

• Hydrogen Bond (Conventional 

Hydrogen Bond, Carbon Hydrogen 

Bond) 

• Hydrophobic (Pi-Alkyl) 

X: -35,2166 

Y: -107,336 

Z: -23,4055 

A6 

  

Adenofir 

Unfavorable Acceptor-Acceptor: Ser 55; 

Conventional Hydrogen Bond: Thr 48, Gln 

81, Trp 56, Ile 50, Ala 57, Thr 18, Thr 16; 

Van der Waals: Cys 49, Gly 19, Phe 83, Val 

84, Ser 17, Trp 63, Pro 11, Pro 51, Leu 86; 

Carbon Hydrogen Bond: Leu 86, Gln 81  

• Hydrogen Bond (Conventional 

Hydrogen Bond, Carbon Hydrogen 

Bond)  

• Unfavorable 

X: 12,1583 

Y: 36,127 

Z: -53,0597 

Lamivudine 
Alkyl: Leu 86, Ala 57; Conventional 

Hydrogen Bond: Ala 57, Trp 56, Ser 55, Pro 

• Hydrogen Bond (Conventional 

Hydrogen Bond)  

• Hydrophobic (Alkyl) 
 

X: 12,9958 

Y: 35,7309 

Z: -54,4629 
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Samples Antivirals Residu Type of Bond 
Binding 

Coordinates 

51; Van der Waals: Ile 50, Thr 48, Gln 81, 

Gly 19, Thr 16, Ser 17, Thr 18, Trp 63 

Telbivudine 

Pi-Alkyl: Ala 59, Lys 60; Pi-Sigma: Ala 57; 

Conventional Hydrogen Bond: Ala 57, Ile 

50, Gln 81; Carbon Hydrogen Bond: Lys 

60; Van der Waals: Leu 86, Thr 48, Phe 83, 

Trp 56, Ile 52, Phe 58, Pro 51, Ser 55, Thr 18, 

Trp 63, Pro 11, Cys 21, Pro 20 

• Hydrogen Bond (Conventional 

Hydrogen Bond; Carbon Hydrogen 

Bond)  

• Hydrophobic (Pi-Sigma; Pi-Alkyl) 
 

X: 15,2411 

Y: 37,7477 

Z: -53,1471 

Tenofovir 

Conventional Hydrogen Bond: Ala 57, Ile 

50, Pro 51, Trp 56, Thr 18; Carbon 

Hydrogen Bond: Thr 18, Ile 50; Van der 

Waals: Ser17, Thr 16, Val 84, Phe 83, Gln 

81, Thr 48, Cys 49, Ser 55, Leu 86, Gly 19, 

Pro 20  

• Hydrogen Bond (Conventional 

Hydrogen Bond; Carbon Hydrogen 

Bond)  
 

X: 11,9985 

Y: 36,2902 

Z: -54,7238 

Entecavir  

Pi-Alkyl: Leu 86, Ala 57; Conventional 

Hydrogen Bond: Thr 18, Pro 20, Ala 57, Trp 

56, Gln 81; Carbon Hydrogen Bond: Thr 

18, Thr 16; Van der Waals: Ile 50, Ala 59, 

• Hydrogen Bond (Conventional 

Hydrogen Bond; Carbon Hydrogen 

Bond)  

• Hydrophobic (Pi-Alkyl) 

X: 13,1351 

Y: 35,6683 

Z: -54,8422 
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Samples Antivirals Residu Type of Bond 
Binding 

Coordinates 

Lys 60, Cys 21, Gly 19, Ser 17, Phe 83, Ser 

55, Phe 58 

A8 

  

Adenofir 

Carbon Hydrogen Bond: Val 94, Trp 101; 

Conventional Hydrogen Bond: Trp 96, Met 

97, Pro 5, Trp 101; Van der Waals: Ser 54, 

Pro 53, Met 98, Trp 99, Ala 66, Cys 7, Val 6, 

Phe 100, Ile 95 

• Hydrogen Bond (Conventional 

Hydrogen Bond; Carbon Hydrogen 

Bond)  
 

X: 109,186 

Y: -10,5638 

Z: -59,978 

Lamivudine 

Conventional Hydrogen Bond: Leu 86, Gly 

30, Gln 29, Phe 83; Unfavorable Donor-

Donor: Gly 30; Van der Waals: Val 77, Gly 

85, Ser 13, Pro 11, Thr 31, Ala 28, Gln 81, 

Trp 82 

• Hydrogen Bond (Conventional 

Hydrogen Bond) 

• Unfavorable (Unfavorable Donot-

Donor)  
 

X: 97,8209 

Y: 13,4285 

Z: -68,2426 

Telbivudine 

Pi-Sigma: Phe 100; Carbon Hydrogen 

Bond: Ser 54; Conventional Hydrogen 

Bond: Val 6, Met 97, Trp 99; Van der 

Waals: Ile 95, Val 94, Pro 5, Cys 7, Ala 66, 

Met 98, Trp 96, Pro 53 

• Hydrogen Bond (Conventional 

Hydrogen Bond; Carbon Hydrogen 

Bond)  

• Hydrophobic (pi-sigma; pi-pi T-

Shaped) 

X: 109,499 

Y: -9,64255 

Z: -60,1108 
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Samples Antivirals Residu Type of Bond 
Binding 

Coordinates 

Tenofovir 

Unfavorable Donor-Donor: Asp 44; Pi-

Alkyl: Phe 100; Carbon Hydrogen Bond: 

Ser 54, Asn 46; Conventional Hydrogen 

Bond: Ser 54, Asn 46, Ser 55, Gly 45; Van 

der Waals: Pro 53, Met 98, Ile 50, Thr 43, 

Trp 56, Trp 65, Trp 99 

• Hydrogen Bond (Conventional 

Hydrogen Bond; Carbon Hydrogen 

Bond)  

• Hydrophobic (Pi-Alkyl) 

• Unfavorable (Unfavorable donor – 

donor) 

X: 100,319 

Y: -15,6087 

Z: -53,9625 

Entecavir  

Unfavorable Donor-Donor: Ser 74; Pi-

Sigma: Val 77; Van der wall: Leu 76, Leu 

73, Trp 72, Ser 71, Phe 70, Arg 69, Val 68, 

Leu 9, Phe 58, Pro 11, Pro 78; Conventional 

Hydrogen Bond: Val 77 

• Hydrogen Bond (Conventional 

Hydrogen Bond)  

• Hydrophobic (Pi-Sigma) 

• Unfavorable (Unfavorable donor – 

donor) 
 

X: 94,2395 

Y: 4,38622 

Z: -65,1464 

A23 
  

Adenofir 

Attractive Charge: Glu 36; Carbon 

Hydrogen Bond: Leu 48, Glu 36; 

Conventional Hydrogen Bond: Glu 36, Ser 

49, Gln 50; Van der Waals: Ser 61, Ala 38, 

Pro 39, Thr 37, Pro7, Leu 17, Arg 16, Val 60, 

Asn 51, Gln 5, Ser 59 

• Hydrogen Bond (Conventional 

Hydrogen Bond; Carbon Hydrogen 

Bond)  

• Electrostatic (Attractive Charge)  
 

X: 8,1142 

Y: -27,153 

Z: 41,269 
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Samples Antivirals Residu Type of Bond 
Binding 

Coordinates 

Lamivudine 

Alkyl: Leu 48; Conventional Hydrogen 

Bond: Val 60, Arg 16, Asn 51; Van der 

Waals: Gln 50, Pro 39, Ser 59, Pro 7, Gln 5, 

Ser 61, Leu 17, Glu 36, Thr 52; Unfavorable 

Acceptor-Acceptor: Asn 51 

• Hydrogen Bond (Conventional 

Hydrogen Bond; Carbon Hydrogen 

Bond)  

• Hydrophobic (Alkyl) 

• Unfavorable (Unfavorable 

Acceptor-Acceptor) 
 

X: 8,577 

Y: -27,7327 

Z: 40,4981 

Telbivudine 

Unfavorable Acceptor-Accepor: Gln 31; 

Pi-Alkyl: Leu 23, Val 28; Conventional 

Hydrogen Bond: Val 28; Van der Waals: 

Phe 1, His 4, Gln 2, Glu 21; Carbon 

Hydrogen Bond: Ala 29, Pro 9 

• Hydrogen Bond (Conventional 

Hydrogen Bond; Carbon Hydrogen 

Bond)  

• Hydrophobic (Pi-Alkyl) 

• Unfavorable (Unfavorable 

Acceptor-Acceptor) 
 

X: 5,69695 

Y: -41,1617 

Z: 26,4825 

Tenofovir 

Pi-Sigma: Phe 1; Conventional Hydrogen 

Bond: Val 28, Ala 29, Glu 21; Van der 

Waals: Pro 22, Leu 23, Pro 9, Gln 31, His 27, 

Val 30 

• Hydrogen Bond (Conventional 

Hydrogen Bond)  

• Hydrophobic (Pi-Sigma) 

X: 6,51581 

Y: -43,069 

Z: 26,9165 
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Samples Antivirals Residu Type of Bond 
Binding 

Coordinates 

Entecavir  

Pi-Sigma: Phe 1; Amide-Pi Stacked: Val 

28; Pi-Alkyl: Leu 23, Pro 9; Van der Waals: 

Ala 8, Pro 22, Val 30; Conventional 

Hydrogen Bond: Glu 21, Ala 29, Gln 31; 

Carbon Hydrogen Bond: Gln 31 

• Hydrogen Bond (Conventional 

Hydrogen Bond; Carbon Hydrogen 

Bond)  

• Hydrophobic (Pi-Sigma; Amide-Pi 

Stacked; Pi-Alkyl) 
 

X: 6,30281 

Y: -42,5021 

Z: 26,5874 

A25 

  

Adenofir 

Conventional Hydrogen Bond: Gln 29, Cys 

24, leu 62, Phe 34, Met 33, Thr 31; Van der 

Waals: Gly 30, Lys 60, Trp 63, Trp 65, Ser 

32, Ala 66, Ser 67, Thr 25, Thr 23; Carbon 

Hydrogen Bond: Ser 32 

• Hydrogen Bond (Conventional 

Hydrogen Bond; Carbon Hydrogen 

Bond)  
 

X: 94,353 

Y: 3,8998 

Z: -60,7311 

Lamivudine 

Alkyl: Ala 66; Conventional Hydrogen 

Bond: Cys 24, Thr 26; Van der Waals: Gln 

29, Ser 67, Thr 25, Thr 23, Thr 31, Ser 32 

• Hydrogen Bond (Conventional 

Hydrogen Bond)  

• Hydrophobic (Alkyl) 

X: 96,251 

Y: 2,22816 

Z: -64,7747 

Telbivudine 

Pi-Alkyl: Ala 66; Conventional Hydrogen 

Bond: Cys 24, Thr 26; Carbon Hydrogen 

Bond: Gln 29; Pi-Donor Hydrogen Bond: 

Trp 65; Van der Waals: Ser 32, Thr 23, Thr 

31 ; Glu 64, Thr 25, Ser 67 

• Hydrogen Bond (Conventional 

Hydrogen Bond; Carbon Hydrogen 

Bond; Pi-Donor Hydrogen Bond)  

• Hydrophobic (Pi-Alkyl) 
 

X: 95,6258 

Y: 3,1922 

Z: -64,464 
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Samples Antivirals Residu Type of Bond 
Binding 

Coordinates 

Tenofovir 

Conventional Hydrogen Bond: Cys 24, Leu 

62, Trp 63, Lys 60; Van der Waals: Lys 22, 

Ala 66, Thr 23, Gln 29, Ser 27, Thr 25, Thr 

26, Trp 65, Glu 64, Tyr 61 

• Hydrogen Bond (Conventional 

Hydrogen Bond) 

X: 96,2422 

Y: 6,18904 

Z: -62,6507 

Entecavir  

Pi-Alkyl: Ala 66; Conventional Hydrogen 

Bond: Thr 31, Cys 24, Gln 29; Van der 

Waals: Ser 67, Thr 23, Glu 64, Lys 22, Leu 

62, Trp 63, Tyr 61, Lys 60, Trp 65, Ser 32, 

Gly 30; Pi-Sulfur: Cys 24  

• Hydrogen Bond (Conventional 

Hydrogen Bond) 

• Hydrophobic (Pi-Alkyl) 

• Other (Pi-Sulfur) 

X: 96,0781 

Y: 4,40844 

Z: -63,1749 

C24 

  

Adenofir 

Pi-Donor Hydrogen Bond: Trp 96; 

Conventional Hydrogen Bond: Phe 34, Ser 

32; Van der Waals: Met 97, Trp 99, Pro 78, 

Trp 82, Pro 35, Phe 79, Gln 81, Met 33, Tyr 

100 

• Hydrogen Bond (Conventional 

Hydrogen Bond; Pi-Donor 

Hydrogen Bond)  
 

X: 104,593 

Y: 17,1668 

Z: -54,4018 

Lamivudine  

(60825)  

Pi-Sulfur: Tyr 100; Alkyl: Pro 35; 

Conventional Hydrogen Bond: Phe 34; 

Van der Waals: Ser 32, Trp 82, Trp 96, Met 

97, Pro 78, Trp 99, Ser 36, Met 33 

• Hydrogen Bond (Conventional 

Hydrogen Bond) 

• Hydrophobic (Alkyl) 

• Other (Pi-Sulfur)  
 

X: 105,585 

Y: 16,9009 

Z: -53,3015 
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Samples Antivirals Residu Type of Bond 
Binding 

Coordinates 

Telbivudine 

(159269)  

Pi-Alkyl: Pro 78; Conventional Hydrogen 

Bond: Ser 32, Trp 99, Trp 96; Van der 

Waals: Pro 35, Ser 36, Trp 82, Met 33, Phe 

34, Phe 79, Met 97 

• Hydrogen Bond (Conventional 

Hydrogen Bond) 

• Hydrophobic (Pi-Alkyl) 
 

X: 104,221 

Y: 16,8379 

Z: -55,1604 

Tenofovir  

(464205)  

Pi-Donor Hydrogen Bond: Trp 96; 

Conventional Hydrogen Bond: Phe 79; Pi-

Alkyl: Trp 82; Van der Waals: Pro 35, Phe 

34, Ser 36, Trp 99, Met 97, Tyr 100, Pro 78, 

Ser 32, Gln 81, Met 33 

• Hydrogen Bond (Conventional 

Hydrogen Bond; Pi-Donor 

Hydrogen Bond) 

• Hydrophobic (Pi-Alkyl) 
 

X: 104,432 

Y: 17,4995 

Z: -55,5082 

Entecavir  

Unfavorable Donor-Donor: Phe 34; 

Conventional Hydrogen Bond: Pro 78, Tyr 

100, Ser 36; Pi-Pi T-Shaped: Tyr 100; Van 

der Waals: Met 33, Phe 79, Ser 32, Trp 82, 

Trp 101, Cys 37, Pro 35, Trp 99 

• Hydrogen Bond (Conventional 

Hydrogen Bond) 

• Hydrophobic (Pi-Pi T-shaped) 

• Unfavorable (Unfavorable Donor-

Donor) 
 

X: 105,908 

Y: 17,9007 

Z: -57,7563 

C32 
  

Adenofir 

Unfavorable Donor-Donor: Asn 23; 

Carbon Hydrogen Bond: Asp 26; 

Conventional Hydrogen Bond: His 25, Tyr 

40, Pro 62, Ile 61, Lys 60; Van der Waals: 

• Hydrogen Bond (Conventional 

Hydrogen Bond; Carbon Hydrogen 

Bond) 

X: 74,196 

Y: 57,9929 

Z: -17,5882 
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Samples Antivirals Residu Type of Bond 
Binding 

Coordinates 

Phe 87, Ala 86, Met 96, Ser 81, Leu 39, Ser 

27 

• Unfavorable (Unfavorable Donor-

Donor) 

Lamivudine   

Alkyl: Leu 39; Conventional Hydrogen 

Bond: Ser 27, Lys 60; Carbon Hydrogen 

Bond: Pro 88; Van der Waals: Tyr 40, Cys 

28, Phe 87, His 25, Arg 59, Val 82, Ser 81, 

Ala 86, Met 96, Ile 61, Asn 23 

• Hydrogen Bond (Conventional 

Hydrogen Bond; Carbon Hydrogen 

Bond) 

• Hydrophobic (Alkyl) 
 

X: 72,1504 

Y: 57,2583 

Z: -18,8778 

Telbivudine  

Pi-Pi-Shaped: Phe 87; Carbon Hydrogen 

Bond: His 25; Unfavorable Acceptor-

Acceptor: Pro 62; Conventional Hydrogen 

Bond: Ser 27, Lys 60, Ala 86; Van der 

Waals: Ser 81, Arg 59, Asn 23, Met 96, Leu 

39, Ile 61, Asp 26, Pro 88, Cys 28 

• Hydrogen Bond (Conventional 

Hydrogen Bond; Carbon Hydrogen 

Bond) 

• Hydrophobic (Pi-Pi T-shaped) 

• Unfavorable (Unfavorable 

Acceptor-Acceptor) 
 

X: 73,1503 

Y: 57,09 

Z: -17,6537 

Tenofovir   

Unfavorable Acceptor-Acceptor: Lys 60; 

Pi-Sigma: Tyr 40; Alkyl: Pro 88, Leu 39, 

Met 96; Conventional Hydrogen Bond: 

• Hydrogen Bond (Conventional 

Hydrogen Bond) 

• Hydrophobic (Pi-Sigma; Alkyl) 

X: 72,0458 

Y: 57,9108 

Z: -16,8493 
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Samples Antivirals Residu Type of Bond 
Binding 

Coordinates 

Asn 23, His 25, Ser 27; Van der Waals: Asp 

26, Leu 24, Arg 59, Phe 87, Ala 86, Ser 81 

• Unfavorable (Unfavorable 

Acceptor-Acceptor) 
 

Entecavir   

Conventional Hydrogen Bond: Ile 61, Asn 

23, Pro 62, Tyr 40, Ser 27; Van der Waals: 

Leu 39, Met 63, Ser 81, Lys 60, Met 96, Pro 

88, Phe 87, His 25, Asp 26; Carbon 

Hydrogen Bond: Tyr 40; Unfavorable 

Donor-Donor: Tyr 40 

• Hydrogen Bond (Conventional 

Hydrogen Bond; Carbon Hydrogen 

Bond) 

• Unfavorable (Unfavorable Donor-

Donor) 

X: 72,2926 

Y: 58,6778 

Z: -18,7832 

D59 

  

Adenofir  

Attractive Charge: Asp 10; Carbon 

Hydrogen Bond: Asp 10; Conventional 

Hydrogen Bond: Leu 17, Lys 13, Asp 10; 

Van der Waals: Ala 12, His 11, Pro 14, Ala 

15, Tyr 15, Tyr 53, Gly 54, Ser 52, Pro 22, 

Pro 9, Leu 18, Arg 16 

• Hydrogen Bond (Conventional 

Hydrogen Bond; Carbon Hydrogen 

Bond) 

• Electrostatic (Attractive Charge) 
 

X: 4,21256 

Y: 4,85216 

Z: -7,66948 

Lamivudine   

Unfavorable Donor-Donor: Gly 54; Alkyl: 

Pro 9, Arg 16; Carbon Hydrogen Bond: Leu 

17; Conventional Hydrogen Bond: His 11, 

• Hydrogen Bond (Conventional 

Hydrogen Bond; Carbon Hydrogen 

Bond) 

X: 1,74205 

Y: 4,59332 

Z: -7,8049 
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Samples Antivirals Residu Type of Bond 
Binding 

Coordinates 

Asp 10; Van der Waals: Leu 18, Ala 12, Tyr 

53, Pro 14, Ala 15 

• Hydrophobic (Alkyl) 

• Unfavorable (Unfavorable Donor-

Donor) 

Telbivudine  

Pi-Alkyl: Pro 9; Carbon Hydrogen Bond: 

Tyr 53, Asp 10; Conventional Hydrogen 

Bond: Leu 17, Gly 54, Ala 15; Van der 

Waals: Leu 18, Arg 16, Pro 14, His 11 

• Hydrogen Bond (Conventional 

Hydrogen Bond; Carbon Hydrogen 

Bond) 

• Hydrophobic (Pi-Alkyl) 
 

X: 2,74785 

Y: 5,5562 

Z: -8,25305 

Tenofovir  

Unfavorable Donor-Donor: Gly 54; 

Atractive Charge: Asp 10; Conventional 

Hydrogen Bond: Asp 10, Ala 15, Lys 13, 

Leu 17; Van der Waals: His 11, Pro 14, Ala 

12, Arg 16, Leu 18, Pro 9, Pro 22, Val 28, Ala 

8, Tyr 53 

• Hydrogen Bond (Conventional 

Hydrogen Bond) 

• Electrostatic (Attractive Charge) 

• Unfavorable (Unfavorable Donor-

Donor) 
 

X: 4,17846 

Y: 4,97446 

Z: -7,90531 

Entecavir  

Unfavorable Acceptor-Acceptor: Gln 58; 

Pi-Donor Hydrogen Bond: His 66, Ser 64; 

Pi-Pi-Shaped: His 66; Conventional 

Hydrogen Bond: Gln 5, His 4, Glu 21; Van 

der Waals: Ser 59, Asp 3, Pro 6, Pro 7 

• Hydrogen Bond (Conventional 

Hydrogen Bond; Pi-Donor 

Hydrogen Bond) 

• Hydrophobic (Pi-Pi T-shaped) 

X: -1,24944 

Y: -15,7009 

Z: -4,74059 
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Samples Antivirals Residu Type of Bond 
Binding 

Coordinates 

• Unfavorable (Unfavorable 

Acceptor-Acceptor) 
 

E20 

  

Adenofir 

Unfavorable Donor-Donor: Arg 16; 

Attractive Charge: Asp 3; Carbon 

Hydrogen Bond: Asp 3 Pi-Cation: His 27; 

Conventional Hydrogen Bond: Asp 3, Gln 

5; Van der Waals: Leu 48, Leu 18, Leu 17, 

Val 40, Pro 39, Lys 13, Pro 14, His 4, Ala 15 

• Electrostatic (Attractive Charge; Pi-

Cation) 

• Hydrogen Bond (Conventional 

Hydrogen Bond; Carbon Hydrogen 

Bond) 

• Unfavorable (Unfavorable Donor-

Donor) 

X: 12,1396 

Y: -6,56856 

Z: -5,51068 

Lamivudine  

Alkyl: Pro 14; Carbon Hydrogen Bond: 

Asp 3; Conventional Hydrogen Bond: Gln 

5, His 4; Van der Waals: Thr 37, Lys 13, Pro 

39, Val 40, Ala 15, Arg 16, Leu 17, His 27, 

Leu 48 

• Hydrogen Bond (Conventional 

Hydrogen Bond; Carbon Hydrogen 

Bond) 

• Hydrophobic (Alkyl) 

 

X: 12,669 

Y: -5,88347 

Z: -5,526 

Telbivudine 

Unfavorable Donor-Donor: Val 28; Pi-

Alkyl: Leu 17; Pi-Donor Hydrogen Bond: 

Val 40; Van der Waals: Pro 42, Phe 41, Gln 

• Hydrogen Bond (Pi-Donor 

Hydrogen Bond) 

• Hydrophobic (Pi-Alkyl) 

X: 9,5549 

Y: -8,34595 

Z: -4,75765 
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Samples Antivirals Residu Type of Bond 
Binding 

Coordinates 

2, Leu 48, Arg 16, Ala 15, Pro 14, His 27, Asp 

3, Ala 29 

• Unfavorable (Unfavorable Donor-

Donor) 

Tenofovir   

Attractive Charge: Asp 3; Pi-Cation: His 

27; Hydrogen Bond: His 27, Arg 16, Gln 5; 

Van der Waals: Leu 17, Ala 15, Leu 48, Gln 

2, Lys 13, His 4, Pro 39, Pro 14, Val 40, Val 

28 

• Hydrogen Bond (Hydrogen Bond) 

• Electrostatic (Attractive Charge; Pi-

Cation) 

X: 12,0387 

Y: -6,6335 

Z: -5,64961 

Entecavir   

Pi-Alkyl: Pro 39, Pro 14; Conventional 

Hydrogen Bond: Gln 5, Asp 3; Van der 

Waals: Lys 13, Val 28, His 4, Ala 8, Leu 48, 

Gln 2, Pro 42, Phe 41, Arg 16, Val 40, Leu 17 

• Hydrogen Bond (Conventional 

Hydrogen Bond) 

• Hydrophobic (Pi-Alkyl) 

X: 11,0816 

Y: -5,73585 

Z: -5,49482 

E28 
  

Adenofir 

Attractive Charge: Asp 47; Unfavorable 

Donor-Donor: Thr 21; Carbon Hydrogen 

Bond: Gly 5; Conventional Hydrogen 

Bond: Asp 47, Leu 7, Ile 55, Gln 4; Van der 

Waals: Gly 22, Pro 54, Ser 20, Pro 8, Val 9, 

Met 6, Pro 56, Pro 23, Gly 48 

• Electrostatic (Attractive Charge) 

• Hydrogen Bond (Conventional 

Hydrogen Bond; Carbon Hydrogen 

Bond) 

• Unfavorable (Unfavorable Donor-

Donor) 

X: -2,58108 

Y: 15,2893 

Z: -38,3316 
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Samples Antivirals Residu Type of Bond 
Binding 

Coordinates 

Lamivudine   

Alkyl: Ile 55; Carbon Hydrogen Bond: Pro 

56; Conventional Hydrogen Bond: Gly 1, 

Tyr 3, Gln 4, Asp 47, Thr 46; Van der Waals 

Thr 43, Pro 45, Pro 23, Ile 53, Pro 54, Val 83, 

Glu 2, Gln 84 

• Hydrogen Bond (Conventional 

Hydrogen Bond; Carbon Hydrogen 

Bond) 

• Hydrophobic (Alkyl) 
 

X: 1,20711 

Y: 19,8278 

Z: -42,4648 

Telbivudine 

Carbon Hydrogen Bond: Pro 54, Gly 48; 

Conventional Hydrogen Bond: Leu 7, Met 

6, Asn 49, Asp 47, Gln 4; Unfavorable 

Acceptor-Acceptor: Gln 4; Van der Waals: 

Pro 56, Gly 5, Pro 8, Ser 20, Gly 22, Thr 21, 

Ile 55, Pro 23 

• Hydrogen Bond (Conventional 

Hydrogen Bond; Carbon Hydrogen 

Bond) 

• Unfavorable (Unfavorable 

Acceptor-Acceptor) 

X: -1,51255 

Y: 15,6553 

Z: -38,1296 

Tenofovir  

Attractive Charge: Asp 47; Unfavorable 

Donor-Donor: Thr 21; Unfavorable 

Acceptor-Acceptor: Gln 4; Conventional 

Hydrogen Bond: Ile 55, Leu 7, Gln 4; 

Carbon Hydrogen Bond: Pro 54, Gly 5; 

Van der Waals: Pro 56, Met 6, Pro 8, Val 9, 

Ser 20, Gly 22, Pro 23 

•  Hydrogen Bond (Conventional 

Hydrogen Bond; Carbon Hydrogen 

Bond) 

• Electrostatic (Attractive Charge) 

• Unfavorable (Unfavorable Donor-

Donor; Unfavorable Acceptor-

Acceptor) 

X: -2,39188 

Y: 15,3412 

Z: -38,3684 
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Samples Antivirals Residu Type of Bond 
Binding 

Coordinates 

Entecavir  

Unfavorable Donor-Donor: Leu 7; 

Unfavorable Donor-Donor: Ile 55; Pi-

Alkyl: Pro 23; Pi-Donor Hydrogen Bond: 

Gln 4; Conventional Hydrogen Bond; Asp 

47, Ile 56; Van der Waals: Pro 56, Pro 54, 

Val 9, Ser 20, Pro 8, Met 6, Gly 5, Asn 49, 

Gly 48 

• Hydrogen Bond (Conventional 

Hydrogen Bond; Pi-Donor 

Hydrogen Bond) 

• Hydrophobic (Pi-Alkyl) 

• Unfavorable (Unfavorable Donor-

Donor; Unfavorable Donor-Donor) 
 

X: -1,357 

Y: 15,8063 

Z: -38,3795 
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