
 

81 

 

DAFTAR PUSTAKA 

Abdullahi, M., Shallangwa, G.A., and Uzairu, A., 2020, In silico QSAR and 

molecular docking simulation of some novel aryl sulfonamide derivatives as 

inhibitors of H5N1 influenza A virus subtype, Beni-Suef Univ. J. Basic Appl. 

Sci., 9, 1–12. 

Adeniji, S.E., Uba, S., Uzairu, A., and Arthur, D.E., 2019,  A Derived QSAR Model 

for Predicting Some Compounds as Potent Antagonist against Mycobacterium 

tuberculosis : A Theoretical Approach , Adv. Prev. Med., 2019, 1–18. 

Agniswamy, J., Shen, C.-H., Aniana, A., Sayer, J.M., Louis, J.M., and Weber, I.T., 

2012, HIV-1 Protease with 20 Mutations Exhibits Extreme Resistance to 

Clinical Inhibitors through Coordinated Structural Rearrangements, 

Biochemistry, 51, 2819–2828. 

Ahmadi, R., Hemmateenejad, B., Safavi, A., and Shojaeifard, Z., 2018, 

Chemosphere Assessment of cytotoxicity of choline chloride-based natural 

deep eutectic solvents against human HEK-293 cells : A QSAR analysis, 

Chemosphere, 209, 831–838. 

Aiken, C. and Chen, C., 2005, Betulinic acid derivatives as HIV-1 antivirals, Trends 

Mol. Med., 11, 31–36. 

Alves, V.M., Muratov, E.N., Zakharov, A., Muratov, N.N., Andrade, C.H., and 

Tropsha, A., 2018, Chemical toxicity prediction for major classes of industrial 

chemicals: Is it possible to develop universal models covering cosmetics, 

drugs, and pesticides?, Food Chem. Toxicol., 112, 526–534. 

Amin, S.A., Ghosh, K., Gayen, S., and Jha, T., 2020, Chemical-informatics 

approach to COVID-19 drug discovery: Monte Carlo based QSAR, virtual 

screening and molecular docking study of some in-house molecules as papain-

like protease (PLpro) inhibitors, J. Biomol. Struct. Dyn., 0, 1–10. 

Andrade-Ochoa, S., García-Machorro, J., Bello, M., Rodríguez-Valdez, L.M., 

Flores-Sandoval, C.A., and Correa-Basurto, J., 2018, QSAR, DFT and 

molecular modeling studies of peptides from HIV-1 to describe their 

recognition properties by MHC-I, J. Biomol. Struct. Dyn., 36, 2312–2330. 

Aoki, M., Hayashi, H., Yedidi, R.S., Martyr, C.D., Takamatsu, Y., Aoki-Ogata, H., 

Nakamura, T., Nakata, H., Das, D., Yamagata, Y., Ghosh, A.K., and Mitsuya, 

H., 2016, C-5-Modified Tetrahydropyrano-Tetrahydofuran-Derived Protease 

Inhibitors (PIs) Exert Potent Inhibition of the Replication of HIV-1 Variants 

Highly Resistant to Various PIs, including Darunavir, J. Virol., 90, 2180–

2194. 

Aouidate, A., Ghaleb, A., Ghamali, M., Chtita, S., Ousaa, A., Choukrad, M., Sbai, 

A., Bouachrine, M., and Lakhlifi, T., 2018, QSAR study and rustic ligand-

based virtual screening in a search for aminooxadiazole derivatives as PIM1 

inhibitors, Chem. Cent. J., 12, 1–12. 

Asadollahi, T., Dadfarnia, S., Haji Shabani, A.M., and Ghasemi, J.B., 2014, Use of 
the genetic algorithm for variable selection of PLS regression in a QSAR study 

on [4,5-d] pyrimidinederivativesas antagonist of CXCR2, Match, 71, 287–

304. 

 

PERANCANGAN SENYAWA BARU TURUNAN ASAM BETULINAT SEBAGAI INHIBITOR MATURASI
HIV 
IHSANUL ARIEF, Prof. Dr.rer.nat. Harno Dwi Pranowo, M.Si; Prof. Drs. Mudasir, M.Eng., Ph.D; Prof. Dr.rer.nat. Karna Wijaya, M.Eng
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



82 

 

 

Athar, M., Lone, M.Y., Khedkar, V.M., and Jha, P.C., 2016, Pharmacophore model 

prediction, 3D-QSAR and molecular docking studies on vinyl sulfones 

targeting Nrf2-mediated gene transcription intended for anti-Parkinson drug 

design, J. Biomol. Struct. Dyn., 34, 1282–1297. 

Balupuri, A., Gadhe, C.G., Balasubramanian, P.K., Kothandan, G., and Cho, S.J. 

oo, 2014, In silico study on indole derivatives as anti HIV-1 agents: a 

combined docking, molecular dynamics and 3D-QSAR study, Arch. Pharm. 

Res., 37, 1001–1015. 

Barzegar, A., Jafari Mousavi, S., Hamidi, H., and Sadeghi, M., 2017, 2D-QSAR 

study of fullerene nanostructure derivatives as potent HIV-1 protease 

inhibitors, Phys. E Low-dimensional Syst. Nanostructures, 93, 324–331. 

Becke, A.D., 1988, Density-functional exchange-energy approximation with 

correct asymptotic behavior, Phys. Rev. A, 38, 3098–3100. 

Bellifa, K. and Mekelleche, S.M., 2016, QSAR study of the toxicity of 

nitrobenzenes to Tetrahymena pyriformis using quantum chemical descriptors, 

Arab. J. Chem., 9, S1683–S1689. 

De Benedetti, P.G. and Fanelli, F., 2014, Multiscale quantum chemical approaches 

to QSAR modeling and drug design, Drug Discov. Today, 19, 1921–1927. 

Bungard, C.J. et al., 2017, Design and Synthesis of Piperazine Sulfonamide Cores 

Leading to Highly Potent HIV-1 Protease Inhibitors, ACS Med. Chem. Lett., 

8, 1292–1297. 

Chaudhary, K.K. and Mishra, N., 2016, A Review on Molecular Docking : Novel 

Tool for Drug Discovery, JSM Chem., 4, 1029–1033. 

Chen, J., 2016, Drug resistance mechanisms of three mutations V32I, I47V and 

V82I in HIV-1 protease toward inhibitors probed by molecular dynamics 

simulations and binding free energy predictions, RSC Adv., 6, 58573–58585. 

Chen, X.H., Shan, Z.J., and Zhai, H.L., 2016, QSAR models for predicting the 

toxicity of halogenated phenols to Tetrahymena, Toxicol. Environ. Chem., 

2248, 1–12. 

Chen, Y., 2015, Beware of docking !, Trends Pharmacol. Sci., 36, 78–95. 

Chen, Y. et al., 2018, The design, synthesis and structure-activity relationships 

associated with C28 amine-based betulinic acid derivatives as inhibitors of 

HIV-1 maturation, Bioorganic Med. Chem. Lett., 28, 1550–1557. 

Choubey, S.K. and Jeyaraman, J., 2016, A mechanistic approach to explore novel 

HDAC1 inhibitor using pharmacophore modeling, 3D- QSAR analysis, 

molecular docking, density functional and molecular dynamics simulation 

study, J. Mol. Graph. Model., 70, 54–69. 

Chrobak, E., Marciniec, K., Dąbrowska, A., Pęcak, P., Bębenek, E., Kadela-

Tomanek, M., Bak, A., Jastrzębska, M., and Boryczka, S., 2019, New 

phosphorus analogs of bevirimat: Synthesis, evaluation of anti-HIV-1 activity 

and molecular docking study, Int. J. Mol. Sci., 20, 1–20. 

Consonni, V., Ballabio, D., and Todeschini, R., 2009, Comments on the definition 

of the Q2 parameter for QSAR validation, J. Chem. Inf. Model., 49, 1669–

1678. 

 

 

PERANCANGAN SENYAWA BARU TURUNAN ASAM BETULINAT SEBAGAI INHIBITOR MATURASI
HIV 
IHSANUL ARIEF, Prof. Dr.rer.nat. Harno Dwi Pranowo, M.Si; Prof. Drs. Mudasir, M.Eng., Ph.D; Prof. Dr.rer.nat. Karna Wijaya, M.Eng
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



83 

 

 

Cox, B.D., Prosser, A.R., Sun, Y., Li, Z., Lee, S., Huang, M.B., Bond, V.C., Snyder, 

J.P., Krystal, M., Wilson, L.J., and Liotta, D.C., 2015, Pyrazolo-Piperidines 

Exhibit Dual Inhibition of CCR5/CXCR4 HIV Entry and Reverse 

Transcriptase, ACS Med. Chem. Lett., 6, 753–757. 

Cramer, C.J., 2004, Essensials of computational chemisty, Second Edi. John Wiley 

& Sons Ltd, Chichester. 

Curreli, F., Kwon, Y. Do, Belov, D.S., Ramesh, R.R., Kurkin, A. V., Altieri, A., 

Kwong, P.D., and Debnath, A.K., 2017, Synthesis, Antiviral Potency, in Vitro 

ADMET, and X-ray Structure of Potent CD4 Mimics as Entry Inhibitors That 

Target the Phe43 Cavity of HIV-1 gp120, J. Med. Chem., 60, 3124–3153. 

Dai, D., Zhou, L., Zhu, X., You, R., and Zhong, L., 2017, Combined multi-

pharmacophore, molecular docking and molecular dynamic study for 

discovery of promising MTH1 inhibitors, J. Mol. Struct., 1137, 33–42. 

Danishuddin and Khan, A.U., 2016, Descriptors and their selection methods in 

QSAR analysis: paradigm for drug design, Drug Discov. Today, 21, 1291–

1302. 

Darnag, R., Minaoui, B., and Fakir, M., 2017, QSAR models for prediction study 

of HIV protease inhibitors using support vector machines, neural networks and 

multiple linear regression, Arab. J. Chem., 10, S600–S608. 

Datta, S.A.K., Temeselew, L.G., Crist, R.M., Soheilian, F., Kamata, A., Mirro, J., 

Harvin, D., Nagashima, K., Cachau, R.E., and Rein, A., 2011, On the Role of 

the SP1 Domain in HIV-1 Particle Assembly: a Molecular Switch?, J. Virol., 

85, 4111–4121. 

Ding, L., Wang, Z.Z., Sun, X.D., Yang, J., Ma, C.Y., Li, W., and Liu, H.M., 2017, 

3D-QSAR (CoMFA, CoMSIA), molecular docking and molecular dynamics 

simulations study of 6-aryl-5-cyano-pyrimidine derivatives to explore the 

structure requirements of LSD1 inhibitors, Bioorganic Med. Chem. Lett., 27, 

3521–3528. 

Duchowicz, P.R., Bacelo, D.E., Fioressi, S.E., Palermo, V., Ibezim, N.E., and 

Romanelli, G.P., 2018, QSAR studies of indoyl aryl sulfides and sulfones as 

reverse transcriptase inhibitors, Med. Chem. Res., 27, 420–428. 

Ehrhardt, H., Fulda, S., Führer, M., Debatin, K.M., and Jeremias, I., 2004, Betulinic 

acid-induced apoptosis in leukemia cells, Leukemia, 18, 1406–1412. 

Ferreira, L., dos Santos, R., Oliva, G., and Andricopulo, A., 2015, Molecular 

Docking and Structure-Based Drug Design Strategies, Molecules, 20, 13384–

13421. 

Freed, E.O., 2015, HIV-1 assembly, release and maturation, Nat. Rev. Microbiol., 

13, 484–496. 

Fulda, S., 2008, Betulinic acid for cancer treatment and prevention, Int. J. Mol. Sci., 

9, 1096–1107. 

Funicello, M., Chiummiento, L., Tramutola, F., Armentano, M.F., Bisaccia, F., 

Miglionico, R., Milella, L., Benedetti, F., Berti, F., and Lupattelli, P., 2017, 

Synthesis and biological evaluation in vitro and in mammalian cells of new 

heteroaryl carboxyamides as HIV-protease inhibitors, Bioorganic Med. 

Chem., 25, 4715–4722. 

 

PERANCANGAN SENYAWA BARU TURUNAN ASAM BETULINAT SEBAGAI INHIBITOR MATURASI
HIV 
IHSANUL ARIEF, Prof. Dr.rer.nat. Harno Dwi Pranowo, M.Si; Prof. Drs. Mudasir, M.Eng., Ph.D; Prof. Dr.rer.nat. Karna Wijaya, M.Eng
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



84 

 

 

Garro Martinez, J.C., Andrada, M.F., Vega-Hissi, E.G., Garibotto, F.M., Nogueras, 

M., Rodríguez, R., Cobo, J., Enriz, R.D., and Estrada, M.R., 2017, 

Dihydrofolate reductase inhibitors: a quantitative structure–activity 

relationship study using 2D-QSAR and 3D-QSAR methods, Med. Chem. Res., 

26, 247–261. 

Genheden, S. and Ryde, U., 2015, The MM/PBSA and MM/GBSA methods to 

estimate ligand-binding affinities, Expert Opin. Drug Discov., 10, 449–461. 

Ghosh, A.K., Osswald, H.L., and Prato, G., 2016a, Recent Progress in the 

Development of HIV-1 Protease Inhibitors for the Treatment of HIV/AIDS, J. 

Med. Chem., 59, 5172–5208. 

Ghosh, A.K., Osswald, H.L., and Prato, G., 2016b, Recent Progress in the 

Development of HIV-1 Protease Inhibitors for the Treatment of HIV/AIDS, J. 

Med. Chem., 59, 5172–5208. 

Ghosh, A.K., Yu, X., Osswald, H.L., Agniswamy, J., Wang, Y.F., Amano, M., 

Weber, I.T., and Mitsuya, H., 2015, Structure-Based Design of Potent HIV-1 

Protease Inhibitors with Modified P1-Biphenyl Ligands: Synthesis, Biological 

Evaluation, and Enzyme-Inhibitor X-ray Structural Studies, J. Med. Chem., 

58, 5334–5343. 

Golbraikh, A. and Tropsha, A., 2000, Predictive QSAR modeling based on diversity 

sampling of experimental datasets for the training and test set selection, Mol. 

Divers., 5, 231–243. 

Gómez-jeria, J.S., Robles-navarro, A., Kpotin, G.A., and Gatica-díaz, N., 2020, 

Some remarks about the relationships between the common skeleton concept 

within the Klopman-Peradejordi-Gómez QSAR method and the weak 

molecule-site interactions, Chem. Res. J., 5, 32–52. 

Gramatica, P., 2007, Principles of QSAR models validation: Internal and external, 

QSAR Comb. Sci., 26, 694–701. 

Gu, S.X., Xue, P., Ju, X.L., and Zhu, Y.Y., 2016, Advances in rationally designed 

dual inhibitors of HIV-1 reverse transcriptase and integrase, Bioorganic Med. 

Chem., 24, 5007–5016. 

Han, D., Su, M., Tan, J., Li, C., Zhang, X., and Wang, C., 2016, Structure–activity 

relationship and binding mode studies for a series of diketo-acids as HIV 

integrase inhibitors by 3D-QSAR, molecular docking and molecular dynamics 

simulations, RSC Adv., 6, 27594–27606. 

Hemmer, M.C., Steinhauer, V., and Gasteiger, J., 1999, Deriving the 3D structure 

of organic molecules from their infrared spectra, Vib. Spectrosc., 19, 151–164. 

Hidaka, K., Kimura, T., Sankaranarayanan, R., Wang, J., McDaniel, K.F., Kempf, 

D.J., Kameoka, M., Adachi, M., Kuroki, R., Nguyen, J.T., Hayashi, Y., and 

Kiso, Y., 2018, Identification of Highly Potent Human Immunodeficiency 

Virus Type-1 Protease Inhibitors against Lopinavir and Darunavir Resistant 

Viruses from Allophenylnorstatine-Based Peptidomimetics with P2 

Tetrahydrofuranylglycine, J. Med. Chem., 61, 5138–5153. 

Hou, T., Wang, J., Li, Y., and Wang, W., 2011, Assessing the Performance of the 

MM/PBSA and MM/GBSA Methods. 1. The Accuracy of Binding Free 

Energy Calculations Based on Molecular Dynamics Simulations, J. Chem. Inf. 

Model., 51, 69–82. 

PERANCANGAN SENYAWA BARU TURUNAN ASAM BETULINAT SEBAGAI INHIBITOR MATURASI
HIV 
IHSANUL ARIEF, Prof. Dr.rer.nat. Harno Dwi Pranowo, M.Si; Prof. Drs. Mudasir, M.Eng., Ph.D; Prof. Dr.rer.nat. Karna Wijaya, M.Eng
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



85 

 

 

Hu, X. and Contini, A., 2019, Rescoring Virtual Screening Results with the MM-

PBSA Methods: Beware of Internal Dielectric Constants, J. Chem. Inf. Model., 

59, 2714–2728. 

Innocente, A.M., Silva, G.N.S., Cruz, L.N., Moraes, M.S., Nakabashi, M., Sonnet, 

P., Gosmann, G., Garcia, C.R.S., and Gnoatto, S.C.B., 2012, Synthesis and 

antiplasmodial activity of betulinic acid and ursolic acid analogues, Molecules, 

17, 12003–12014. 

Jain, S. V., Ghate, M., Bhadoriya, K.S., Bari, S.B., Chaudhari, A., and Borse, J.S., 

2012, 2D, 3D-QSAR and docking studies of 1,2,3-thiadiazole thioacetanilides 

analogues as potent HIV-1 non-nucleoside reverse transcriptase inhibitors, 

Org. Med. Chem. Lett., 2, 22–34. 

James, N., Shanthi, V., and Ramanathan, K., 2018, Drug Design for ALK-Positive 

NSCLC: an Integrated Pharmacophore-Based 3D QSAR and Virtual 

Screening Strategy, Appl. Biochem. Biotechnol., 185, 289–315. 

Joselevich, E., 2004, Electronic Structure and Chemical Reactivity of Carbon 

Nanotubes: A Chemist’s View, ChemPhysChem, 5, 619–624. 

Katritzky, A.R., Mu, L., Lobanov, V.S., and Karelson, M., 1996, Correlation of 

boiling points with molecular structure. 1. A training set of 298 diverse 

organics and a test set of 9 simple inorganics, J. Phys. Chem., 100, 10400–

10407. 

Keller, P.W., Adamson, C.S., Heymann, J.B., Freed, E.O., and Steven, A.C., 2011, 

HIV-1 Maturation Inhibitor Bevirimat Stabilizes the Immature Gag Lattice, J. 

Virol., 85, 1420–1428. 

Khaitan, A. and Unutmaz, D., 2011, Revisiting Immune Exhaustion During HIV 

Infection, Curr. HIV/AIDS Rep., 8, 4–11. 

Khan, P.M. and Roy, K., 2018, Current approaches for choosing feature selection 

and learning algorithms in quantitative structure–activity relationships 

(QSAR), Expert Opin. Drug Discov., 13, 1075–1089. 

Kier, L.B. and Hall, L.H., 1999, Molecular Structure Description: The 

Electrotopological State, Academic Press, San Diego. 

Kovalishyn, V., Grouleff, J., Semenyuta, I., Sinenko, V.O., Slivchuk, S.R., Hodyna, 

D., Brovarets, V., Blagodatny, V., Poda, G., Tetko, I. V., and Metelytsia, L., 

2018, Rational design of isonicotinic acid hydrazide derivatives with 

antitubercular activity: Machine learning, molecular docking, synthesis and 

biological testing, Chem. Biol. Drug Des., 92, 1272–1278. 

Kožíšek, M., Lepšík, M., Grantz Šašková, K., Brynda, J., Konvalinka, J., and 

Řezáčová, P., 2014, Thermodynamic and structural analysis of HIV protease 

resistance to darunavir - analysis of heavily mutated patient-derived HIV-1 

proteases, FEBS J., 281, 1834–1847. 

Kumar, A., Roy, S., Tripathi, S., and Sharma, A., 2016, Molecular docking based 

virtual screening of natural compounds as potential BACE1 inhibitors: 3D 

QSAR pharmacophore mapping and molecular dynamics analysis, J. Biomol. 

Struct. Dyn., 34, 239–249. 

 

 

 

PERANCANGAN SENYAWA BARU TURUNAN ASAM BETULINAT SEBAGAI INHIBITOR MATURASI
HIV 
IHSANUL ARIEF, Prof. Dr.rer.nat. Harno Dwi Pranowo, M.Si; Prof. Drs. Mudasir, M.Eng., Ph.D; Prof. Dr.rer.nat. Karna Wijaya, M.Eng
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



86 

 

 

Lai, W., Huang, L., Ho, P., Li, Z., Montefiori, D., and Chen, C.H., 2008, Betulinic 

acid derivatives that target gp120 and inhibit multiple genetic subtypes of 

human immunodeficiency virus type 1, Antimicrob. Agents Chemother., 52, 

128–136. 

Leach, A.R., 2001, Molecular Modelling, Pearson, Dorchester. 

Lee, C., Yang, W., and Parr, R.G., 1988, Development of the Colle-Salvetti 

correlation-energy formula into a functional of the electron density, Phys. Rev. 

B, 37, 785–789. 

Leidner, F., Kurt Yilmaz, N., Paulsen, J., Muller, Y.A., and Schiffer, C.A., 2018, 

Hydration Structure and Dynamics of Inhibitor-Bound HIV-1 Protease, J. 

Chem. Theory Comput., 14, 2784–2796. 

Li, H., Xiao, H., Lin, L., Jou, D., Kumari, V., Lin, J., and Li, C., 2014, Drug design 

targeting protein-protein interactions (PPIs) using multiple ligand 

simultaneous docking (MLSD) and drug repositioning: Discovery of 

raloxifene and bazedoxifene as novel inhibitors of IL-6/GP130 interface, J. 

Med. Chem., 57, 632–641. 

Li, L., Yan, F., Xu, X., Jia, Q., Wang, Q., and Ma, P., 2016, A QSAR model for 

predicting the anti HIV-1 activity of TIBO derivatives using the norm indexes, 

Bull. Korean Chem. Soc., 37, 923–930. 

Lin, Z., Cantone, J., Lu, H., Nowicka-Sans, B., Protack, T., Yuan, T., Yang, H., 

Liu, Z., Drexler, D., Regueiro-Ren, A., Meanwell, N.A., Cockett, M., Krystal, 

M., Lataillade, M., and Dicker, I.B., 2016, Mechanistic Studies and Modeling 

Reveal the Origin of Differential Inhibition of Gag Polymorphic Viruses by 

HIV-1 Maturation Inhibitors, PLoS Pathog., 12, 1–33. 

Liu, X., Chen, X., Zhang, L., Zhan, P., and Liu, X., 2015, 3D-QSAR and docking 

studies on piperidine-substituted diarylpyrimidine analogues as HIV-1 reverse 

transcriptase inhibitors, Med. Chem. Res., 24, 3314–3326. 

Liu, Z., Swidorski, J.J., Nowicka-Sans, B., Terry, B., Protack, T., Lin, Z., Samanta, 

H., Zhang, S., Li, Z., Parker, D.D., Rahematpura, S., Jenkins, S., Beno, B.R., 

Krystal, M., Meanwell, N.A., Dicker, I.B., and Regueiro-Ren, A., 2016, C-3 

benzoic acid derivatives of C-3 deoxybetulinic acid and deoxybetulin as HIV-

1 maturation inhibitors, Bioorg. Med. Chem., 24, 1757–1770. 

Ma, S., Zhou, S., Lin, W., Zhang, R., Wu, W., and Zheng, K., 2016, Study of novel 

pyrazolo[3,4-d]pyrimidine derivatives as selective TgCDPK1 inhibitors: 

molecular docking, structure-based 3D-QSAR and molecular dynamics 

simulation, RSC Adv., 6, 100772–100782. 

Maffucci, I. and Contini, A., 2013, Explicit ligand hydration shells improve the 

correlation between MM-PB/GBSA binding energies and experimental 

activities, J. Chem. Theory Comput., 9, 2706–2717. 

Maragakis, P., Lindorff-Larsen, K., Eastwood, M.P., Dror, R.O., Klepeis, J.L., 

Arkin, I.T., Jensen, M.Ø., Xu, H., Trbovic, N., Friesner, R.A., Palmer, A.G., 

and Shaw, D.E., 2008, Microsecond Molecular Dynamics Simulation Shows 

Effect of Slow Loop Dynamics on Backbone Amide Order Parameters of 

Proteins †, J. Phys. Chem. B, 112, 6155–6158. 

 

 

PERANCANGAN SENYAWA BARU TURUNAN ASAM BETULINAT SEBAGAI INHIBITOR MATURASI
HIV 
IHSANUL ARIEF, Prof. Dr.rer.nat. Harno Dwi Pranowo, M.Si; Prof. Drs. Mudasir, M.Eng., Ph.D; Prof. Dr.rer.nat. Karna Wijaya, M.Eng
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



87 

 

 

Massarotti, A. and Coluccia, A., 2016, An in-silico approach aimed to clarify the 

role of Y181C and K103N HIV-1 reverse transcriptase mutations versus 

Indole Aryl Sulphones, J. Mol. Graph. Model., 63, 49–56. 

Mavromoustakos, T., 2011, Editorial [Hot Topic:Methodologies and Applied 

Strategies in the Rational Drug Design (Guest Editor: T. Mavromoustakos)], 

Curr. Med. Chem., 18, 2516–2516. 

Medina, J.S., Prosmiti, R., Villarreal, P., Delgado-barrio, G., Winter, G., González, 

B., and Alemán, J. V, 2011, Molecular dynamics simulations of rigid and 

flexible water models : Temperature dependence of viscosity, Chem. Phys., 

388, 9–18. 

Mehellou, Y. and Clercq, E. De, 2010, Twenty-Six Years of Anti-HIV Drug 

Discovery : Where Do We Stand and Where Do We Go ?, J. Med. Chem., 53, 

521–538. 

Melo-Filho, C.C., Braga, R.C., Muratov, E.N., Franco, C.H., Moraes, C.B., Freitas-

Junior, L.H., and Andrade, C.H., 2019, Discovery of new potent hits against 

intracellular Trypanosoma cruzi by QSAR-based virtual screening, Eur. J. 

Med. Chem., 163, 649–659. 

Mena-Ulecia, K., Tiznado, W., and Caballero, J., 2015, Study of the differential 

activity of thrombin inhibitors using docking, QSAR, molecular dynamics, 

and MM-GBSA, PLoS One, 10, 1–21. 

Miller Jenkins, L.M., Paine, E.L., Deshmukh, L., Nikolayevskiy, H., Lyons, G.C., 

Scerba, M.T., Rosenker, K.G., Luecke, H.F., Louis, J.M., Chertova, E., 

Gorelick, R.J., Ott, D.E., Clore, G.M., and Appella, D.H., 2020, Inhibition of 

HIV maturation via selective unfolding and cross-linking of Gag polyprotein 

by a mercaptobenzamide acetylator, J. Am. Chem. Soc., 141, 8327–8338. 

Mitra, I., Roy, P.P., Kar, S., Ojha, P.K., and Roy, K., 2010, On further application 

of rm2 as a metric for validation of QSAR models, J. Chemom., 24, 22–33. 

Moonsamy, S., Bhakat, S., Ramesh, M., and Soliman, M.E.S., 2017, Identification 

of Binding Mode and Prospective Structural Features of Novel Nef Protein 

Inhibitors as Potential Anti-HIV Drugs, Cell Biochem. Biophys., 75, 49–64. 

Mortier, J., Rakers, C., Bermudez, M., Murgueitio, M.S., Riniker, S., and Wolber, 

G., 2015, The impact of molecular dynamics on drug design: Applications for 

the characterization of ligand-macromolecule complexes, Drug Discov. 

Today, 20, 686–702. 

Nayak, C., Chandra, I., and Singh, S.K., 2019, An in silico pharmacological 

approach toward the discovery of potent inhibitors to combat drug resistance 

HIV‐1 protease variants, J. Cell. Biochem., 120, 9063–9081. 

Neves, B.J., Dantas, R.F., Senger, M.R., Melo-Filho, C.C., Valente, W.C.G., De 

Almeida, A.C.M., Rezende-Neto, J.M., Lima, E.F.C., Paveley, R., Furnham, 

N., Muratov, E., Kamentsky, L., Carpenter, A.E., Braga, R.C., Silva-Junior, 

F.P., and Andrade, C.H., 2016, Discovery of New Anti-Schistosomal Hits by 

Integration of QSAR-Based Virtual Screening and High Content Screening, J. 

Med. Chem., 59, 7075–7088. 

 

 

 

PERANCANGAN SENYAWA BARU TURUNAN ASAM BETULINAT SEBAGAI INHIBITOR MATURASI
HIV 
IHSANUL ARIEF, Prof. Dr.rer.nat. Harno Dwi Pranowo, M.Si; Prof. Drs. Mudasir, M.Eng., Ph.D; Prof. Dr.rer.nat. Karna Wijaya, M.Eng
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



88 

 

 

Ortiz, A., Soumeillant, M., Savage, S.A., Strotman, N.A., Haley, M., Benkovics, 

T., Nye, J., Xu, Z., Tan, Y., Ayers, S., Gao, Q., and Kiau, S., 2017, Synthesis 

of HIV-Maturation Inhibitor BMS-955176 from Betulin by an Enabling 

Oxidation Strategy, J. Org. Chem., 82, 4958–4963. 

Panthong, P., Bunluepuech, K., Boonnak, N., Chaniad, P., Pianwanit, S., 

Wattanapiromsakul, C., and Tewtrakul, S., 2015, Anti-HIV-1 integrase 

activity and molecular docking of compounds from Albizia procera bark, 

Pharm. Biol., 53, 1861–1866. 

Pathakoti, K., Huang, M., Watts, J.D., He, X., and Hwang, H., 2014, Journal of 

Photochemistry and Photobiology B : Biology Using experimental data of 

Escherichia coli to develop a QSAR model for predicting the photo-induced 

cytotoxicity of metal oxide nanoparticles, J. Photochem. Photobiol. B Biol., 

130, 234–240. 

Patil, R.B. and Sawant, S.D., 2015, 4D-QSAR studies of coumarin derivatives as 

HIV-1 integrase 3′-processing inhibitors, Med. Chem. Res., 24, 3062–3076. 

Petitjean, M., 1992, Applications of the radius-diameter diagram to the 

classification of topological and geometrical shapes of chemical compounds, 

J. Chem. Inf. Model., 32, 331–337. 

Ponzoni, I., Sebastián-Pérez, V., Requena-Triguero, C., Roca, C., Martínez, M.J., 

Cravero, F., Díaz, M.F., Páez, J.A., Arrayás, R.G., Adrio, J., and Campillo, 

N.E., 2017, Hybridizing Feature Selection and Feature Learning Approaches 

in QSAR Modeling for Drug Discovery /631/114/2248 /631/154/309 

/639/638/563/606 /119/118 article, Sci. Rep., 7, 1–19. 

Pornillos, O. and Ganser-Pornillos, B.K., 2019, Maturation of retroviruses, Curr. 

Opin. Virol., 36, 47–55. 

Prachayasittikul, Veda, Worachartcheewan, A., Shoombuatong, W., Songtawee, 

N., Simeon, S., Prachayasittikul, Virapong, and Nantasenamat, C., 2015, 

Computer-Aided Drug Design of Bioactive Natural Products, Curr. Top. Med. 

Chem., 15, 1780–1800. 

Puzyn, T., Mostrag-Szlichtyng, A., Gajewicz, A., Skrzyński, M., and Worth, A.P., 

2011, Investigating the influence of data splitting on the predictive ability of 

QSAR/QSPR models, Struct. Chem., 22, 795–804. 

Rácz, A., Bajusz, D., and Héberger, K., 2015, Consistency of QSAR models: 

Correct split of training and test sets, ranking of models and performance 

parameters, SAR QSAR Environ. Res., 26, 683–700. 

Ramsay, R.R., Popovic-Nikolic, M.R., Nikolic, K., Uliassi, E., and Bolognesi, 

M.L., 2018, A perspective on multi-target drug discovery and design for 

complex diseases, Clin. Transl. Med., 7, 3–16. 

Rastelli, G., Rio, A. Del, Degliesposti, G., and Sgobba, M., 2009, Fast and accurate 

predictions of binding free energies using MM-PBSA and MM-GBSA, J. 

Comput. Chem., 31, NA-NA. 

Rasyid, H., Purwono, B., and Armunanto, R., 2018, Quantitative Structure Activity 

Relationship (QSAR) Based on Electronic Descriptors and Docking Studies 

of Quinazoline Derivatives for Anticancer Activity, Orient. J. Chem., 34, 

2361–2369. 

 

PERANCANGAN SENYAWA BARU TURUNAN ASAM BETULINAT SEBAGAI INHIBITOR MATURASI
HIV 
IHSANUL ARIEF, Prof. Dr.rer.nat. Harno Dwi Pranowo, M.Si; Prof. Drs. Mudasir, M.Eng., Ph.D; Prof. Dr.rer.nat. Karna Wijaya, M.Eng
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



89 

 

 

Ravichandran, V., Venkateskumar, K., Shalini, S., and Harish, R., 2016, Exploring 

the structure-activity relationship of oxazolidinones as HIV-1 protease 

inhibitors-QSAR and pharmacophore modelling studies, Chemom. Intell. Lab. 

Syst., 154, 52–61. 

Regueiro-Ren, A., Dicker, I.B., Hanumegowda, U., and Meanwell, N.A., 2019, 

Second Generation Inhibitors of HIV-1 Maturation, ACS Med. Chem. Lett., 10, 

287–294. 

Ríos, J.L. and Máñez, S., 2018a, New Pharmacological Opportunities for Betulinic 

Acid, Planta Med., 84, 8–19. 

Ríos, J.L. and Máñez, S., 2018b, New Pharmacological Opportunities for Betulinic 

Acid Authors Antidiabetic Properties, Planta Med., 84, 8–19. 

Roy, K., Kar, S., and Ambure, P., 2015, On a simple approach for determining 

applicability domain of QSAR models, Chemom. Intell. Lab. Syst., 145, 22–

29. 

Roy, K., Kar, S., and Das, R.N., 2015, A Primer on QSAR/QSPR Modeling: 

Fundamental Concepts, Springer International Publishing, Heidelberg. 

de Ruyck, J., Brysbaert, G., Blossey, R., and Lensink, M.F., 2016, Molecular 

docking as a popular tool in drug design, an in silico travel, Adv. Appl. 

Bioinforma. Chem., 9, 1–11. 

Salentin, S., Haupt, V.J., Daminelli, S., and Schroeder, M., 2014, 

Polypharmacology rescored: Protein–ligand interaction profiles for remote 

binding site similarity assessment, Prog. Biophys. Mol. Biol., 116, 174–186. 

Sanderson, R.T., 1988, Principles of electronegativity Part I. General nature, J. 

Chem. Educ., 65, 112–118. 

Sepehri, S., Soleymani, S., Zabihollahi, R., Aghasadeghi, M.R., Sadat, M., Saghaie, 

L., and Fassihi, A., 2017, Synthesis, Biological Evaluation, and Molecular 

Docking Studies of Novel 4-[4-Arylpyridin-1(4 H )-yl]benzoic Acid 

Derivatives as Anti-HIV-1 Agents, Chem. Biodivers., 14, e1700295. 

Shafer, R.W., 2017, Human Immunodeficiency Virus Type 1 Drug Resistance 

Mutations Update, J. Infect. Dis., 216, 843–846. 

Shahlaei, M., 2013, Descriptor Selection Methods in Quantitative Structure–

Activity Relationship Studies: A Review Study, Chem. Rev., 113, 8093–8103. 

Shi, S., Zhang, S., and Zhang, Q., 2018a, Insight into binding mechanisms of 

inhibitors MKP56, MKP73, MKP86, and MKP97 to HIV-1 protease by using 

molecular dynamics simulation, J. Biomol. Struct. Dyn., 36, 981–992. 

Shi, S., Zhang, S., and Zhang, Q., 2018b, Insight into binding mechanisms of 

inhibitors MKP56, MKP73, MKP86, and MKP97 to HIV-1 protease by using 

molecular dynamics simulation, J. Biomol. Struct. Dyn., 36, 981–992. 

Shiri, F., Pirhadi, S., and Rahmani, A., 2018, Identification of new potential HIV-1 

reverse transcriptase inhibitors by QSAR modeling and structure-based virtual 

screening, J. Recept. Signal Transduct., 38, 37–47. 

Singh, S.P., Deb, C.R., Kakati, L.N., and Konwar, B.K., 2016a, QSAR-based drug 

designing studies on HIV-1 integrase inhibitors, Netw. Model. Anal. Heal. 

Informatics Bioinforma., 5, 1–11. 

 

 

PERANCANGAN SENYAWA BARU TURUNAN ASAM BETULINAT SEBAGAI INHIBITOR MATURASI
HIV 
IHSANUL ARIEF, Prof. Dr.rer.nat. Harno Dwi Pranowo, M.Si; Prof. Drs. Mudasir, M.Eng., Ph.D; Prof. Dr.rer.nat. Karna Wijaya, M.Eng
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



90 

 

 

Singh, S.P., Deb, C.R., Kakati, L.N., and Konwar, B.K., 2016b, QSAR-based drug 

designing studies on HIV-1 integrase inhibitors, Netw. Model. Anal. Heal. 

Informatics Bioinforma., 5, 33. 

Śledź, P. and Caflisch, A., 2018, Protein structure-based drug design: from docking 

to molecular dynamics, Curr. Opin. Struct. Biol., 48, 93–102. 

Sliwoski, G., Mendenhall, J., and Meiler, J., 2016, Autocorrelation descriptor 

improvements for QSAR: 2DA_Sign and 3DA_Sign, J. Comput. Aided. Mol. 

Des., 30, 209–217. 

Soares, R.O., Torres, P.H.M., da Silva, M.L., and Pascutti, P.G., 2016, Unraveling 

HIV protease flaps dynamics by Constant pH Molecular Dynamics 

simulations, J. Struct. Biol., 195, 216–226. 

Speck-Planche, A., Kleandrova, V. V, Luan, F., and Cordeiro, M.N.D.S., 2012, 

Chemoinformatics in anti-cancer chemotherapy: Multi-target QSAR model 

for the in silico discovery of anti-breast cancer agents, Eur. J. Pharm. Sci., 47, 

273–279. 

Stanton, D.T. and Jurs, P.C., 1990, Development and use of charged partial surface 

area structural descriptors in computer-assisted quantitative structure-property 

relationship studies, Anal. Chem., 62, 2323–2329. 

Stephens, P.J., Devlin, F.J., Ashvar, C.S., Chabalowski, C.F., and Frisch, M.J., 

1994, Theoretical calculation of vibrational circular dichroism spectra, 

Faraday Discuss., 99, 103–119. 

Sun, H., Li, Y., Tian, S., Xu, L., and Hou, T., 2014, Assessing the performance of 

MM/PBSA and MM/GBSA methods. 4. Accuracies of MM/PBSA and 

MM/GBSA methodologies evaluated by various simulation protocols using 

PDBbind data set, Phys. Chem. Chem. Phys., 16, 16719–16729. 

Sun, Y., Xu, W., Fan, N., Sun, X., Ning, X., Ma, L., Liu, J., and Wang, X., 2017, 

Design, synthesis and biological evaluation of (E)-3,4-dihydroxystyryl 4-

acylaminophenethyl sulfone, sulfoxide derivatives as dual inhibitors of HIV-

1 CCR5 and integrase, Bioorganic Med. Chem., 25, 1076–1084. 

Tarko, L., 2017, A selection method for molecular descriptors and QSPR equations, 

Match, 77, 245–272. 

Thompson, D.C., Humblet, C., and Joseph-McCarthy, D., 2008, Investigation of 

MM-PBSA rescoring of docking poses, J. Chem. Inf. Model., 48, 1081–1091. 

Todeschini, R. and Consonni, V., 2000, Handbook of Molecular Descriptors, 

Wiley-VCH, Weinheim. 

Todeschini, R. and Consonni, V., 2009, Molecular Descriptors for 

Chemoinformatics, Second. Mannhold,R., Kubinyi,H., and Folkers,G. (eds) 

Wiley, Weinheim. 

Todeschini, R. and Gramatica, P., 1997, SD-modelling and Prediction by WHIM 

Descriptors. Part 5. Theory Development and Chemical Meaning of WHIM 

Descriptors, Quant. Struct. Relationships, 16, 113–119. 

Todeschini, R., Lasagni, M., and Marengo, E., 1994, New molecular descriptors for 

2D and 3D structures. Theory, J. Chemom., 8, 263–272. 

Tong, J., Wu, Y., Bai, M., and Zhan, P., 2017, 3D-QSAR and molecular docking 

studies on HIV protease inhibitors, J. Mol. Struct., 1129, 17–22. 

 

PERANCANGAN SENYAWA BARU TURUNAN ASAM BETULINAT SEBAGAI INHIBITOR MATURASI
HIV 
IHSANUL ARIEF, Prof. Dr.rer.nat. Harno Dwi Pranowo, M.Si; Prof. Drs. Mudasir, M.Eng., Ph.D; Prof. Dr.rer.nat. Karna Wijaya, M.Eng
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



91 

 

 

Tong, J., Zhan, P., Wang, X.S., and Wu, Y., 2017, Quionolone carboxylic acid 

derivatives as HIV-1 integrase inhibitors: Docking-based HQSAR and 

topomer CoMFA analyses, J. Chemom., 31, e2934. 

Tong, J.B., Bai, M., and Zhao, X., 2016, 3D-QSAR and docking studies of HIV-1 

protease inhibitors using R-group search and Surflex-dock, Med. Chem. Res., 

25, 2619–2630. 

Triki, D., Billot, T., Visseaux, B., Descamps, D., Flatters, D., Camproux, A.C., and 

Regad, L., 2018, Exploration of the effect of sequence variations located inside 

the binding pocket of HIV-1 and HIV-2 proteases, Sci. Rep., 8, 30–40. 

Tripuraneni, N.S. and Azam, M.A., 2016, A combination of pharmacophore 

modeling, atom-based 3D-QSAR, molecular docking and molecular dynamics 

simulation studies on PDE4 enzyme inhibitors, J. Biomol. Struct. Dyn., 34, 

2481–2492. 

Urano, E., Ablan, S.D., Mandt, R., Pauly, G.T., Sigano, D.M., Schneider, J.P., 

Martin, D.E., Nitz, T.J., Wild, C.T., and Freed, E.O., 2016, Alkyl amine 

bevirimat derivatives are potent and broadly active HIV-1 maturation 

inhibitors, Antimicrob. Agents Chemother., 60, 190–197. 

Valadi, J. and Siarry, P., 2014, Applications of metaheuristics in process 

engineering, Appl. Metaheuristics Process Eng., 9783319065, 1–444. 

Vora, J., Patel, S., Sinha, S., Sharma, S., Srivastava, A., Chhabria, M., and 

Shrivastava, N., 2018, Molecular docking, QSAR and ADMET based mining 

of natural compounds against prime targets of HIV, J. Biomol. Struct. Dyn., 

1102, 1–16. 

Vyas, V.K., Shah, S., and Ghate, M., 2017, Generation of new leads as HIV-1 

integrase inhibitors: 3D QSAR, docking and molecular dynamics simulation, 

Med. Chem. Res., 26, 532–550. 

Wang, E., Sun, H., Wang, J., Wang, Z., Liu, H., Zhang, J.Z.H., and Hou, T., 2019, 

End-Point Binding Free Energy Calculation with MM/PBSA and MM/GBSA: 

Strategies and Applications in Drug Design, Chem. Rev., 119, 9478–9508. 

Wang, T., Wu, M., and Chen, Z., 2014, Fragment-Based Drug Discovery and 

Molecular Docking in Drug Design, Curr. Pharm. Biotechnol., 15, 1–15. 

Warren, S. and Wyatt, P., 2008, Organic Synthesis: The Disconnection Approach, 

John Wiley & Sons Ltd, Wiltshire. 

Wensing, A.M., Calvez, V., Günthard, H.F., Johnson, V.A., Paredes, R., Pillay, D., 

Shafer, R.W., and Richman, D.D., 2016, 2017 Update of the Drug Resistance 

Mutations in HIV-1., Top. Antivir. Med., 24, 132–133. 

Wright, D.W., Hall, B.A., Kenway, O.A., Jha, S., and Coveney, P. V., 2014, 

Computing clinically relevant binding free energies of HIV-1 protease 

inhibitors, J. Chem. Theory Comput., 10, 1228–1241. 

Yang, Z.H., Bai, X.G., Zhou, L., Wang, J.X., Liu, H.T., and Wang, Y.C., 2015, 

Synthesis and biological evaluation of novel HIV-1 protease inhibitors using 

tertiary amine as P2-ligands, Bioorganic Med. Chem. Lett., 25, 1880–1883. 

Yap, C.W., 2011, PaDEL-descriptor: An open source software to calculate 

molecular descriptors and fingerprints, J. Comput. Chem., 32, 1466–1474. 

 

 

PERANCANGAN SENYAWA BARU TURUNAN ASAM BETULINAT SEBAGAI INHIBITOR MATURASI
HIV 
IHSANUL ARIEF, Prof. Dr.rer.nat. Harno Dwi Pranowo, M.Si; Prof. Drs. Mudasir, M.Eng., Ph.D; Prof. Dr.rer.nat. Karna Wijaya, M.Eng
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



92 

 

 

Yu, H., Fang, Y., Lu, X., Liu, Y., and Zhang, H., 2014, Combined 3D-QSAR, 

molecular docking, molecular dynamics simulation, and binding free energy 

calculation studies on the 5-hydroxy-2H-pyridazin-3-one derivatives as HCV 

NS5B polymerase inhibitors, Chem. Biol. Drug Des., 83, 89–105. 

Zhan, P., Pannecouque, C., De Clercq, E., and Liu, X., 2016, Anti-HIV Drug 

Discovery and Development: Current Innovations and Future Trends, J. Med. 

Chem., 59, 2849–2878. 

Zhang, W., Pei, J., and Lai, L., 2017, Computational Multitarget Drug Design, J. 

Chem. Inf. Model., 57, 403–412. 

PERANCANGAN SENYAWA BARU TURUNAN ASAM BETULINAT SEBAGAI INHIBITOR MATURASI
HIV 
IHSANUL ARIEF, Prof. Dr.rer.nat. Harno Dwi Pranowo, M.Si; Prof. Drs. Mudasir, M.Eng., Ph.D; Prof. Dr.rer.nat. Karna Wijaya, M.Eng
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/


