UNIVERSITAS
GADJAH MADA

LIGAND-BASED AND MACHINE LEARNING VIRTUAL SCREENING FOR ANTIVIRAL REPURPOSING
TARGET TO SARS COV-2

REPLICASE POLYPROTEIN 1A

GP WAHYUNANDA C Y, Dr. rer.nat. apt. Adam Hermawan, M. Sc.

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

REFERENCES

Abd El-Aziz, T. M., Al-Sabi, A., & Stockand, J. D. (2020). Human recombinant

soluble ACE2 (hrsACE2) shows promise for treating severe COVID-19.
Signal  Transduction and  Targeted  Therapy, 5(1), 1-2.
https://doi.org/10.1038/s41392-020-00374-6

Abhig, M. (2020, July 8). Difference between K means and Hierarchical Clustering.

GeeksforGeeks. https://www.geeksforgeeks.org/difference-between-k-
means-and-hierarchical-clustering/

Akinlalu, A. O., Chamundi, A., Yakumbur, D. T., Afolayan, F. I. D., Duru, I. A,,

Arowosegbe, M. A., & Enejoh, O. A. (2021). Repurposing FDA-approved
drugs against multiple proteins of SARS-CoV-2: An in silico study.
Scientific African, 13, e00845. https://doi.org/10.1016/j.sciaf.2021.e00845

Allawadhi, P., Singh, V., Khurana, A., Khurana, I., Allwadhi, S., Kumar, P.,

Banothu, A. K., Thalugula, S., Barani, P. J., Naik, R. R., & Bharani, K. K.
(2021). Silver nanoparticle based multifunctional approach for combating
COVID-19. Sensors International, 2, 100101.
https://doi.org/10.1016/j.sintl.2021.100101

Amorim, I. S., Lach, G., & Gkogkas, C. G. (2018). The Role of the Eukaryotic

Translation Initiation Factor 4E (elF4E) in Neuropsychiatric Disorders.
Frontiers in Genetics, 9.
https://www.frontiersin.org/article/10.3389/fgene.2018.00561

Antonides, L. H., Cannaert, A., Norman, C., Vives, L., Harrison, A., Costello, A.,

Nic Daeid, N., Stove, C. P., Sutcliffe, O. B., & McKenzie, C. (2019).
Enantiospecific Synthesis, Chiral Separation, and Biological Activity of
Four Indazole-3-Carboxamide-Type Synthetic Cannabinoid Receptor
Agonists and Their Detection in Seized Drug Samples. Frontiers in
Chemistry, 7.
https://www.frontiersin.org/article/10.3389/fchem.2019.00321

baeldung. (2021, December 5). Stratified Sampling in Machine Learning |

Baeldung on Computer Science. https://www.baeldung.com/cs/ml-
stratified-sampling

Baghaki, S., Yalcin, C. E., Baghaki, H. S., Aydin, S. Y., Daghan, B., & Yavuz, E.

(2020). COX2 inhibition in the treatment of COVID-19: Review of
literature to propose repositioning of celecoxib for randomized controlled
studies. International Journal of Infectious Diseases, 101, 29-32.
https://doi.org/10.1016/j.ijid.2020.09.1466

Bajorath, J. (2013). Machine learning and similarity-based virtual screening

techniques. In In Silico Drug Discovery and Design (pp. 134-146). Future
Science Ltd. https://doi.org/10.4155/eb0.12.419

Barbarino, J. M., Whirl-Carrillo, M., Altman, R. B., & Klein, T. E. (2018).

PharmGKB: A worldwide resource for pharmacogenomic information.



UNIVERSITAS
GADJAH MADA

LIGAND-BASED AND MACHINE LEARNING VIRTUAL SCREENING FOR ANTIVIRAL REPURPOSING
TARGET TO SARS COV-2

REPLICASE POLYPROTEIN 1A

GP WAHYUNANDA C Y, Dr. rer.nat. apt. Adam Hermawan, M. Sc.

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

WIREs  Systems  Biology and Medicine, 10(4), el417v.
https://doi.org/10.1002/wsbm.1417

Bauch, C. T., Lloyd-Smith, J. O., Coffee, M. P., & Galvani, A. P. (2005).

Dynamically modeling SARS and other newly emerging respiratory
illnesses: Past, present, and future. Epidemiology (Cambridge, Mass.),
16(6), 791-801. https://doi.org/10.1097/01.ede.0000181633.80269.4c

BCCVL. (2021). Random Forest. BCCVL.

https://support.bcevl.org.au/support/solutions/articles/6000083217-
random-forest

Becker, J. H., Lin, J. J., Doernberg, M., Stone, K., Navis, A., Festa, J. R., &

Wisnivesky, J. P. (2021). Assessment of Cognitive Function in Patients
After COVID-19 Infection. JAMA Network Open, 4(10), e2130645.
https://doi.org/10.1001/jamanetworkopen.2021.30645

Belotserkovskaya, R., Oh, S., Bondarenko, V. A., Orphanides, G., Studitsky, V. M.,

& Reinberg, D. (2003). FACT Facilitates Transcription-Dependent
Nucleosome Alteration. Science, 301(5636), 1090-1093.
https://doi.org/10.1126/science.1085703

Bemis, G. W., & Murcko, M. A. (1996). The properties of known drugs. 1.

Molecular frameworks. Journal of Medicinal Chemistry, 39(15), 2887—
2893. https://doi.org/10.1021/jm9602928

Bento, A. P., Hersey, A., Félix, E., Landrum, G., Gaulton, A., Atkinson, F., Bellis,

L.J., De Veij, M., & Leach, A. R. (2020). An open source chemical structure
curation pipeline using RDKit. Journal of Cheminformatics, 12(1), 51.
https://doi.org/10.1186/s13321-020-00456-1

Berthold, M. R., Cebron, N., Dill, F., Gabriel, T. R., Kétter, T., Meinl, T., Ohl, P.,

Bora,

Thiel, K., & Wiswedel, B. (2009). KNIME - the Konstanz information
miner: Version 2.0 and beyond. ACM SIGKDD Explorations Newsletter,
11(1), 26-31. https://doi.org/10.1145/1656274.1656280

V. R., & Patel, B. M. (2021). The Deadly Duo of COVID-19 and Cancer!
Frontiers in Molecular Biosciences, 8.
https://www.frontiersin.org/article/10.3389/fmolb.2021.643004

Brownlee, J. (2018, April 19). How To Know if Your Machine Learning Model

Has Good Performance. Machine Learning Mastery.
https://machinelearningmastery.com/how-to-know-if-your-machine-
learning-model-has-good-performance/

Brownlee, J. (2020a, January 30). Cost-Sensitive SVM for Imbalanced

Classification. Machine Learning Mastery.
https://machinelearningmastery.com/cost-sensitive-svm-for-imbalanced-
classification/

Brownlee, J. (2020b, April 19). How to Develop a Random Forest Ensemble in

Python. Machine Learning Mastery.
https://machinelearningmastery.com/random-forest-ensemble-in-python/



LIGAND-BASED AND MACHINE LEARNING VIRTUAL SCREENING FOR ANTIVIRAL REPURPOSING
TARGET TO SARS COV-2

REPLICASE POLYPROTEIN 1A

GP WAHYUNANDA C Y, Dr. rer.nat. apt. Adam Hermawan, M. Sc.

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Cao, Y., Jiang, T., & Girke, T. (2008). A maximum common substructure-based
algorithm  for searching and predicting drug-like compounds.
Bioinformatics, 24(13), 1366-i374.
https://doi.org/10.1093/bioinformatics/btn186

Cascella, M., Rajnik, M., Aleem, A., Dulebohn, S., & Napoli, R. D. (2022).
Features, Evaluation, and Treatment of Coronavirus (COVID-19).
StatPearls. https://www.statpearls.com/ArticleLibrary/viewarticle/52171

Chan, J. F.-W., Kok, K.-H., Zhu, Z., Chu, H., To, K. K.-W,, Yuan, S., & Yuen, K.-
Y. (2020). Genomic characterization of the 2019 novel human-pathogenic
coronavirus isolated from a patient with atypical pneumonia after visiting
Wuhan. Emerging Microbes & Infections, 9(1), 221-236.
https://doi.org/10.1080/22221751.2020.1719902

Chan, J. F.-W., Yuan, S., Kok, K.-H., To, K. K.-W., Chu, H., Yang, J., Xing, F.,
Liu, J., Yip, C. C.-Y., Poon, R. W.-S., Tsoi, H.-W., Lo, S. K.-F., Chan, K.-
H., Poon, V. K.-M., Chan, W.-M., Ip, J. D., Cai, J.-P., Cheng, V. C.-C.,
Chen, H., ... Yuen, K.-Y. (2020). A familial cluster of pneumonia
associated with the 2019 novel coronavirus indicating person-to-person
transmission: A study of a family cluster. Lancet (London, England),
395(10223), 514-523. https://doi.org/10.1016/S0140-6736(20)30154-9

Chaudhaery, S. S., Roy, K. K., & Saxena, A. K. (2009). Consensus Superiority of
the Pharmacophore-Based Alignment, Over Maximum Common
Substructure  (MCS): 3D-QSAR  Studies on Carbamates as
Acetylcholinesterase Inhibitors. Journal of Chemical Information and
Modeling, 49(6), 1590-1601. https://doi.org/10.1021/ci900049e

ChemAxon. (2022). Bemis-Murcko clustering | ChemAxon  Docs.
https://docs.chemaxon.com/display/docs/bemis-murcko-clustering.md

Choudhury, A. (2019, April 4). 10 Model Evaluation Techniques Every Machine
Learning Enthusiast Must Know. Analytics India Magazine.
https://analyticsindiamag.com/10-model-evaluation-techniques-every-
machine-learning-enthusiast-must-know/

Chu, C. M., Cheng, V. C. C., Hung, I. F. N., Wong, M. M. L., Chan, K. H., Chan,
K.S., Kao, R. Y. T., Poon, L. L. M., Wong, C. L. P., Guan, Y., Peiris, J. S.
M., Yuen, K. Y., & HKU/UCH SARS Study Group. (2004). Role of
lopinavir/ritonavir in the treatment of SARS: Initial virological and clinical
findings. Thorax, 59(3), 252-256.
https://doi.org/10.1136/thorax.2003.012658

Cichonska, A., Ravikumar, B., Allaway, R. J., Park, S., Wan, F., Isayev, O., Li, S.,
Mason, M., Lamb, A., Tanoli, Z., Jeon, M., Kim, S., Popova, M., Capuzzi,
S., Zeng, J., Dang, K., Koytiger, G., Kang, J., Wells, C. L., ... Aittokallio,
T. (2020). Crowdsourced mapping extends the target space of kinase
inhibitors (p. 2019.12.31.891812). bioRxiv.
https://doi.org/10.1101/2019.12.31.891812



LIGAND-BASED AND MACHINE LEARNING VIRTUAL SCREENING FOR ANTIVIRAL REPURPOSING
TARGET TO SARS COV-2

REPLICASE POLYPROTEIN 1A

GP WAHYUNANDA C Y, Dr. rer.nat. apt. Adam Hermawan, M. Sc.

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Clinical Trials. (2022). COVID-19 Clinical Trials Drug.
https://clinicaltrials.gov/ct2/results?cond=2019nCoV &Search=Clear&age
_v=&gndr=&type=&srslt=

Clinical Trials Arena. (2020, April 16). Coronavirus treatment: Vaccines/drugs in
the pipeline for COVID-19. Clinical Trials Arena.
https://www.clinicaltrialsarena.com/analysis/coronavirus-mers-cov-drugs/

Cock, T. (2018, March 28). What is Hierarchical Clustering? Displayr.
https://www.displayr.com/what-is-hierarchical-clustering/

Connors, B. W., & Long, M. A. (2004). Electrical synapses in the mammalian brain.
Annual Review of Neuroscience, 217, 393-418.
https://doi.org/10.1146/annurev.neuro.26.041002.131128

Cui, J.,, Wang, L., Ren, X., Zhang, Y., & Zhang, H. (2019). LRPPRC: A
Multifunctional Protein Involved in Energy Metabolism and Human
Disease. Frontiers in Physiology, 10.
https://www.frontiersin.org/article/10.3389/fphys.2019.00595

Dai, W., Zhang, B., Jiang, X.-M., Su, H., Li, J., Zhao, Y., Xie, X., Jin, Z., Peng, J.,
Liu, F., Li, C., Li, Y., Bai, F., Wang, H., Cheng, X., Cen, X., Hu, S., Yang,
X., Wang, J., ... Liu, H. (2020). Structure-based design of antiviral drug
candidates targeting the SARS-CoV-2 main protease. Science (New York,
N.Y.), 368(6497), 1331-1335. https://doi.org/10.1126/science.abb4489

DCIS. (2007). Daylight Theory: SMARTS - A Language for Describing Molecular
Patterns.
https://www.daylight.com/dayhtml/doc/theory/theory.smarts.html

De Las Rivas, J., & Fontanillo, C. (2010). Protein—Protein Interactions Essentials:
Key Concepts to Building and Analyzing Interactome Networks. PL0S
Computational Biology, 6(6), £1000807.
https://doi.org/10.1371/journal.pcbi.1000807

Diekmann, O., & Heesterbeek, J. A. P. (2000). Mathematical Epidemiology of
Infectious Diseases: Model Building, Analysis and Interpretation. John
Wiley & Sons.

Doddareddy, M. R., Klaasse, E. C., Shagufta, null, Ijzerman, A. P., & Bender, A.
(2010). Prospective validation of a comprehensive in silico hERG model
and its applications to commercial compound and drug databases.
ChemMedChem, 5(5), 716-729. https://doi.org/10.1002/cmdc.201000024

Dong, A., Zhao, J., Griffin, C., & Wu, R. (2022). The Genomic Physics of COVID-
19 Pathogenesis and Spread. Cells, 11(1), 80.
https://doi.org/10.3390/cells11010080

Dong, S., Sun, J., Mao, Z., Wang, L., Lu, Y.-L., & Li, J. (2020). A guideline for
homology modeling of the proteins from newly discovered betacoronavirus,
2019 novel coronavirus (2019-nCoV). Journal of Medical Virology, 92(9),
1542-1548. https://doi.org/10.1002/jmv.25768

Downs, G. M., & Barnard, J. M. (2003). Clustering methods and their uses in
computational chemistry. Reviews in Computational Chemistry, 18, 1-40.



GADJAH MADA

LIGAND-BASED AND MACHINE LEARNING VIRTUAL SCREENING FOR ANTIVIRAL REPURPOSING
TARGET TO SARS COV-2

REPLICASE POLYPROTEIN 1A

GP WAHYUNANDA C Y, Dr. rer.nat. apt. Adam Hermawan, M. Sc.

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

Durant, J. L., Leland, B. A., Henry, D. R., & Nourse, J. G. (2002). Reoptimization

of MDL Keys for Use in Drug Discovery. Journal of Chemical Information
and Computer Sciences, 42(6), 1273-1280.
https://doi.org/10.1021/ci010132r

Duru, C. E., Duru, I. A., & Adegboyega, A. E. (2021). In silico identification of

compounds from Nigella sativa seed oil as potential inhibitors of SARS-
CoV-2 targets. Bulletin of the National Research Centre, 45(1), 57.
https://doi.org/10.1186/s42269-021-00517-x

Dyall, J., Coleman, C. M., Hart, B. J., Venkataraman, T., Holbrook, M. R.,

Kindrachuk, J., Johnson, R. F., Olinger, G. G., Jahrling, P. B., Laidlaw, M.,
Johansen, L. M., Lear-Rooney, C. M., Glass, P. J., Hensley, L. E., &
Frieman, M. B. (2014). Repurposing of clinically developed drugs for
treatment of Middle East respiratory syndrome coronavirus infection.
Antimicrobial Agents and Chemotherapy, 58(8), 4885-4893.
https://doi.org/10.1128/AAC.03036-14

Eisa, M., McClave, S., Suliman, S., & Wischmeyer, P. (2021). How Differences in

the Disease Process of the COVID-19 Pandemic Pose Challenges to the
Delivery of Critical Care Nutrition. Current Nutrition Reports, 10, 1-12.
https://doi.org/10.1007/s13668-021-00379-9

El Khouli, R. H., Macura, K. J., Barker, P. B., Phil, D., Habba, M. R., Jacobs, M.

A., & Bluemke, D. A. (2009). The Relationship of Temporal Resolution to
Diagnostic Performance for Dynamic Contrast Enhanced (DCE) MRI of the
Breast. Journal of Magnetic Resonance Imaging : JMRI, 30(5), 999-1004.
https://doi.org/10.1002/jmri.21947

Fan, L., Li, D., Xue, H., Zhang, L., Liu, Z., Zhang, B., Zhang, L., Yang, W., Xie,

B., Duan, X., Hu, X., Cheng, K., Peng, L., Yu, N., Song, L., Chen, H., Sui,
X., Zheng, N., Liu, S., & Jin, Z. (2020). Progress and prospect on imaging
diagnosis of COVID-19. Chinese Journal of Academic Radiology, 3(1), 4-
13. https://doi.org/10.1007/s42058-020-00031-5

Fang, W., Jiang, J., Su, L., Shu, T., Liu, H., Lai, S., Ghiladi, R. A., & Wang, J.

(2021). The role of NO in COVID-19 and potential therapeutic strategies.
Free Radical Biology & Medicine, 163, 153-162.
https://doi.org/10.1016/j.freeradbiomed.2020.12.008

Fernandez, A., Garcia, S., Herrera, F., & Chawla, N. V. (2018). SMOTE for

Learning from Imbalanced Data: Progress and Challenges, Marking the 15-
year Anniversary. Journal of Artificial Intelligence Research, 61, 863-905.
https://doi.org/10.1613/jair.1.11192

Frick, D. N., Virdi, R. S., Vuksanovic, N., Dahal, N., & Silvaggi, N. R. (2020).

Molecular Basis for ADP-Ribose Binding to the Macl Domain of SARS-
CoV-2 nsp3. Biochemistry, 59(28), 2608-2615.
https://doi.org/10.1021/acs.biochem.0c00309

Gadaleta, D., Lombardo, A., Toma, C., & Benfenati, E. (2018). A new semi-

automated workflow for chemical data retrieval and quality checking for



UNIVERSITAS
GADJAH MADA

Gao,

Gill,

LIGAND-BASED AND MACHINE LEARNING VIRTUAL SCREENING FOR ANTIVIRAL REPURPOSING
TARGET TO SARS COV-2

REPLICASE POLYPROTEIN 1A

GP WAHYUNANDA C Y, Dr. rer.nat. apt. Adam Hermawan, M. Sc.

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

modeling applications. Journal of Cheminformatics, 10(1), 60.
https://doi.org/10.1186/s13321-018-0315-6

K., Nguyen, D. D., Chen, J., Wang, R., & Wei, G.-W. (2020). Repositioning
of 8565 Existing Drugs for COVID-19. The Journal of Physical Chemistry
Letters, 11(13), 5373-5382. https://doi.org/10.1021/acs.jpclett.0c01579
A. J. (2018). Succinate dehydrogenase (SDH)-deficient neoplasia.
Histopathology, 72(1), 106-116. https://doi.org/10.1111/his.13277

Gimeno, A., Mestres-Truyol, J., Ojeda-Montes, M. J., Macip, G., Saldivar-

Espinoza, B., Cereto-Massagué, A., Pujadas, G., & Garcia-Vallvé, S.
(2020). Prediction of Novel Inhibitors of the Main Protease (M-pro) of
SARS-CoV-2 through Consensus Docking and Drug Reposition.
International Journal of Molecular Sciences, 21(11), E3793.
https://doi.org/10.3390/ijms21113793

Gupta, N., Pandya, P., & Verma, S. (2018). Computational Predictions for Multi-

Hale,

Target Drug Design. In K. Roy (Ed.), Multi-Target Drug Design Using
Chem-Bioinformatic Approaches (pp. 27-50). Springer New York.
https://doi.org/10.1007/7653 2018 26

J. (2020, May 20). The 3 Most Important Composite Classification Metrics.
Medium. https://towardsdatascience.com/the-3-most-important-composite-
classification-metrics-b1f2d886dc7b

Hamza, A., Wei, N.-N., & Zhan, C.-G. (2012). Ligand-Based Virtual Screening

Han,

Approach Using a New Scoring Function. Journal of Chemical Information
and Modeling, 52(4), 963-974. https://doi.org/10.1021/ci200617d

R., Huang, L., Jiang, H., Dong, J., Peng, H., & Zhang, D. (2020). Early
Clinical and CT Manifestations of Coronavirus Disease 2019 (COVID-19)
Pneumonia. American Journal of Roentgenology, 215(2), 338-343.
https://doi.org/10.2214/AJR.20.22961

Harding, A. P., Wedge, D. C., & Popelier, P. L. A. (2009). PK(a) prediction from

“Quantum Chemical Topology” descriptors. Journal of Chemical
Information and Modeling, 49(8), 1914-1924.
https://doi.org/10.1021/ci900172h

Hastings, J., Magka, D., Batchelor, C., Duan, L., Stevens, R., Ennis, M., &

Steinbeck, C. (2012). Structure-based classification and ontology in
chemistry. Journal of Cheminformatics, 4(1), 8.
https://doi.org/10.1186/1758-2946-4-8

Hastings, J., Owen, G., Dekker, A., Ennis, M., Kale, N., Muthukrishnan, V., Turner,

S., Swainston, N., Mendes, P., & Steinbeck, C. (2016). ChEBI in 2016:
Improved services and an expanding collection of metabolites. Nucleic
Acids Research, 44(D1), D1214-D1219.
https://doi.org/10.1093/nar/gkv1031

Hojyo, S., Uchida, M., Tanaka, K., Hasebe, R., Tanaka, Y., Murakami, M., &

Hirano, T. (2020). How COVID-19 induces cytokine storm with high



GADJAH MADA

LIGAND-BASED AND MACHINE LEARNING VIRTUAL SCREENING FOR ANTIVIRAL REPURPOSING
TARGET TO SARS COV-2

REPLICASE POLYPROTEIN 1A

GP WAHYUNANDA C Y, Dr. rer.nat. apt. Adam Hermawan, M. Sc.

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

mortality. Inflammation and Regeneration, 40(1), 37.
https://doi.org/10.1186/s41232-020-00146-3

Holshue, M. L., DeBolt, C., Lindquist, S., Lofy, K. H., Wiesman, J., Bruce, H.,

Spitters, C., Ericson, K., Wilkerson, S., Tural, A., Diaz, G., Cohn, A., Fox,
L., Patel, A., Gerber, S. I., Kim, L., Tong, S., Lu, X., Lindstrom, S., ... Pillai,
S. K. (2020). First Case of 2019 Novel Coronavirus in the United States.
New England Journal of Medicine, 382(10), 929-936.
https://doi.org/10.1056/NEJM0a2001191

Hu, Y., Stumpfe, D., & Bajorath, J. (2016). Computational Exploration of

Molecular Scaffolds in Medicinal Chemistry. Journal of Medicinal
Chemistry, 59(9), 4062-4076.
https://doi.org/10.1021/acs.jmedchem.5b01746

Hu, Y., Zhang, B., Vogt, M., & Bajorath, J. (2015). AnalogExplorer2 —

Stereochemistry sensitive graphical analysis of large analog series.
F1000Research, 4. https://doi.org/10.12688/f1000research.7146.1

Huang, F., Zhang, C., Liu, Q., Zhao, Y., Zhang, Y., Qin, Y., Li, X,, Li, C., Zhou,

C., Jin, N, & Jiang, C. (2020). Identification of amitriptyline HCI, flavin
adenine dinucleotide, azacitidine and calcitriol as repurposing drugs for
influenza A H5N1 virus-induced lung injury. PLoS Pathogens, 16(3),
€1008341. https://doi.org/10.1371/journal.ppat.1008341

Hughes, L. D., Palmer, D. S., Nigsch, F., & Mitchell, J. B. O. (2008). Why are some

properties more difficult to predict than others? A study of QSPR models of
solubility, melting point, and Log P. Journal of Chemical Information and
Modeling, 48(1), 220-232. https://doi.org/10.1021/ci700307p

(2021, August 3). What are Neural Networks?
https://www.ibm.com/cloud/learn/neural-networks

Imai, N., Cori, A., Dorigatti, 1., Baguelin, M., Donnelly, C. A., & Riley, S. (2020).

Report 3: Transmissibility of 2019-nCoV. 5.

Irwin, J. J., Sterling, T., Mysinger, M. M., Bolstad, E. S., & Coleman, R. G. (2012).

ZINC: A Free Tool to Discover Chemistry for Biology. Journal of Chemical
Information and Modeling, 52(7), 1757-1768.
https://doi.org/10.1021/ci3001277

Isaac, S. (2020). Acetazolamide, Nifedipine and Phosphodiesterase Inhibitors:

Rationale for Their Utilization as Adjunctive Countermeasures in the
Treatment of Coronavirus Disease 2019 (COVID-19). Cureus, 12(3).
https://doi.org/10.7759/cureus.7343

Jagat J, M., Kalyan K, G., & Subir, R. (2020). Use of pioglitazone in people with

type 2 diabetes mellitus with coronavirus disease 2019 (COVID-19): Boon
or bane? Diabetes & Metabolic Syndrome, 14(5), 829-831.
https://doi.org/10.1016/j.dsx.2020.06.015

Jain, A. K., Murty, M. N., & Flynn, P. J. (1999). Data clustering: A review. ACM

Computing Surveys, 31(3), 264-323.
https://doi.org/10.1145/331499.331504



LIGAND-BASED AND MACHINE LEARNING VIRTUAL SCREENING FOR ANTIVIRAL REPURPOSING
TARGET TO SARS COV-2

REPLICASE POLYPROTEIN 1A

GP WAHYUNANDA C Y, Dr. rer.nat. apt. Adam Hermawan, M. Sc.

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Jain, A. K., Sharma, S., Vaidya, A., Ravichandran, V., & Agrawal, R. K. (2013).
1,3,4-Thiadiazole and its Derivatives: A Review on Recent Progress in
Biological Activities. Chemical Biology & Drug Design, 81(5), 557-576.
https://doi.org/10.1111/cbdd.12125

JHU, C. (2022). COVID-19 Map. Johns Hopkins Coronavirus Resource Center.
https://coronavirus.jhu.edu/map.html

Jin, Z., Du, X., Xu, Y., Deng, Y., Liu, M., Zhao, Y., Zhang, B., Li, X., Zhang, L.,
Peng, C., Duan, Y., Yu, J.,, Wang, L., Yang, K., Liu, F., Jiang, R., Yang, X,
You, T., Liu, X, ... Yang, H. (2020). Structure of Mpro from SARS-CoV-
2 and discovery of its inhibitors. Nature, 582(7811), 289-293.
https://doi.org/10.1038/s41586-020-2223-y

Jo, S., Kim, S., Shin, D. H., & Kim, M.-S. (2020). Inhibition of SARS-CoV 3CL
protease by flavonoids. Journal of Enzyme Inhibition and Medicinal
Chemistry, 35(1), 145-151.
https://doi.org/10.1080/14756366.2019.1690480

Kanehisa, M., Furumichi, M., Tanabe, M., Sato, Y., & Morishima, K. (2017).
KEGG: New perspectives on genomes, pathways, diseases and drugs.
Nucleic Acids Research, 45(D1), D353-D361.
https://doi.org/10.1093/nar/gkw1092

Kannas, C. C. (2006). Molecular substructure mining approaches for computer-
aided drug discovery: A review. ITAB-06.
https://www.academia.edu/2676754/Molecular_substructure_mining_appr
oaches_for_computer_aided_drug_discovery A _review

Ke, Y.-Y., Peng, T.-T., Yeh, T.-K., Huang, W.-Z., Chang, S.-E., Wu, S.-H., Hung,
H.-C., Hsu, T.-A,, Lee, S.-J., Song, J.-S., Lin, W.-H., Chiang, T.-J., Lin, J.-
H., Sytwu, H.-K., & Chen, C.-T. (2020). Artificial intelligence approach
fighting COVID-19 with repurposing drugs. Biomedical Journal, 43(4),
355-362. https://doi.org/10.1016/j.bj.2020.05.001

Kiani, P., Scholey, A., Dahl, T. A., McMann, L., Iversen, J. M., & Verster, J. C.
(2021). In Vitro Assessment of the Antiviral Activity of Ketotifen,
Indomethacin and Naproxen, Alone and in Combination, against SARS-
CoV-2. Viruses, 13(4), 558. https://doi.org/10.3390/v13040558

Kono, M., Tatsumi, K., Imai, A. M., Saito, K., Kuriyama, T., & Shirasawa, H.
(2008). Inhibition of human coronavirus 229E infection in human epithelial
lung cells (L132) by chloroquine: Involvement of p38 MAPK and ERK.
Antiviral Research, 77(2), 150-152.
https://doi.org/10.1016/j.antiviral.2007.10.011

Kumar, S., Nyodu, R., Maurya, V. K., & Saxena, S. K. (2020). Morphology,
Genome Organization, Replication, and Pathogenesis of Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2). In S. K. Saxena
(Ed.), Coronavirus Disease 2019 (COVID-19): Epidemiology,
Pathogenesis, Diagnosis, and Therapeutics (pp. 23-31). Springer.
https://doi.org/10.1007/978-981-15-4814-7_3



LIGAND-BASED AND MACHINE LEARNING VIRTUAL SCREENING FOR ANTIVIRAL REPURPOSING
TARGET TO SARS COV-2

REPLICASE POLYPROTEIN 1A

GP WAHYUNANDA C Y, Dr. rer.nat. apt. Adam Hermawan, M. Sc.

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Kuzikov, M., Costanzi, E., Reinshagen, J., Esposito, F., Vangeel, L., Wolf, M.,
Ellinger, B., Claussen, C., Geisslinger, G., Corona, A., laconis, D., Talarico,
C., Manelfi, C., Cannalire, R., Rossetti, G., Gossen, J., Albani, S., Musiani,
F., Herzog, K., ... Zaliani, A. (2021). Identification of Inhibitors of SARS-
CoV-2 3CL-Pro Enzymatic Activity Using a Small Molecule in Vitro
Repurposing Screen. ACS Pharmacology & Translational Science, 4(3),
1096-1110. https://doi.org/10.1021/acsptsci.0c00216

Kuz’min, V. E., Polishchuk, P. G., Artemenko, A. G., & Andronati, S. A. (2011).
Interpretation of QSAR Models Based on Random Forest Methods.
Molecular Informatics, 30(6-7), 593-603.
https://doi.org/10.1002/minf.201000173

Langdon, S. R., Ertl, P.,, & Brown, N. (2010). Bioisosteric Replacement and
Scaffold Hopping in Lead Generation and Optimization. Molecular
Informatics, 29(5), 366—385. https://doi.org/10.1002/minf.201000019

Lei, J., Kusov, Y., & Hilgenfeld, R. (2018). Nsp3 of coronaviruses: Structures and
functions of a large multi-domain protein. Antiviral Research, 149, 58-74.
https://doi.org/10.1016/j.antiviral.2017.11.001

Li,H.,Ung,C. Y., Yap, C. W., Xue, Y., Li, Z.R., & Chen, Y. Z. (2006). Prediction
of estrogen receptor agonists and characterization of associated molecular
descriptors by statistical learning methods. Journal of Molecular Graphics
& Modelling, 25(3), 313-323. https://doi.org/10.1016/j.jmgm.2006.01.007

Li, Q., Guan, X., Wu, P., Wang, X., Zhou, L., Tong, Y., Ren, R., Leung, K. S. M.,
Lau, E. H. Y., Wong, J. Y., Xing, X., Xiang, N., Wu, Y., Li, C., Chen, Q.,
Li, D., Liu, T., Zhao, J., Liu, M., ... Feng, Z. (2020). Early Transmission
Dynamics in Wuhan, China, of Novel Coronavirus-Infected Pneumonia.
The New England Journal of Medicine, 382(13), 1199-1207.
https://doi.org/10.1056/NEJM0a2001316

Liao, Q., Yao, J.,, & Yuan, S. (2007). Prediction of mutagenic toxicity by
combination of Recursive Partitioning and Support Vector Machines.
Molecular Diversity, 11(2), 59-72. https://doi.org/10.1007/s11030-007-
9057-5

Lin, Y., & Jeon, Y. (2002). Random Forests and Adaptive Nearest Neighbors.
Journal of the American Statistical Association, 101-474.

Liu, Y.-H., Chen, Y., Wang, Q.-H., Wang, L.-R., Jiang, L., Yang, Y., Chen, X., Li,
Y., Cen, Y., Xu, C., Zhu, J., Li, W., Wang, Y.-R., Zhang, L.-L., Liu, J., Xu,
Z.-Q., & Wang, Y.-J. (2022). One-Year Trajectory of Cognitive Changes in
Older Survivors of COVID-19 in Wuhan, China: A Longitudinal Cohort
Study. JAMA Neurology. https://doi.org/10.1001/jamaneurol.2022.0461

Louis, B., Agrawal, V. K., & Khadikar, P. V. (2010). Prediction of intrinsic
solubility of generic drugs using MLR, ANN and SVM analyses. European
Journal of Medicinal Chemistry, 45(9), 4018-4025.
https://doi.org/10.1016/j.ejmech.2010.05.059



UNIVERSITAS
GADJAH MADA

Lu, J.

LIGAND-BASED AND MACHINE LEARNING VIRTUAL SCREENING FOR ANTIVIRAL REPURPOSING
TARGET TO SARS COV-2

REPLICASE POLYPROTEIN 1A

GP WAHYUNANDA C Y, Dr. rer.nat. apt. Adam Hermawan, M. Sc.

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

, Chen, S. A, Khan, M. B., Brassard, R., Arutyunova, E., Lamer, T., Vuong,
W., Fischer, C., Young, H. S., Vederas, J. C., & Lemieux, M. J. (2022).
Crystallization of Feline Coronavirus Mpro With GC376 Reveals
Mechanism  of Inhibition. Frontiers in  Chemistry, 10.
https://www.frontiersin.org/article/10.3389/fchem.2022.852210

Maggiora, G., Vogt, M., Stumpfe, D., & Bajorath, J. (2014). Molecular Similarity

in Medicinal Chemistry. Journal of Medicinal Chemistry, 57(8), 3186—
3204. https://doi.org/10.1021/jm401411z

Mahase, E. (2021). Covid-19: Pfizer’s paxlovid is 89% effective in patients at risk

of serious illness, company reports. BMJ, n2713.
https://doi.org/10.1136/bmj.n2713

Mando, C., Savasi, V. M., Anelli, G. M., Corti, S., Serati, A., Lisso, F., Tasca, C.,

Novielli, C., & Cetin, I. (2021). Mitochondrial and Oxidative Unbalance in
Placentas from Mothers with SARS-CoV-2 Infection. Antioxidants, 10(10),
1517. https://doi.org/10.3390/antiox10101517

Manning, C. D., Raghavan, P., & Schiitze, H. (2008, July 7). Introduction to

Information Retrieval. Higher Education from Cambridge University Press;
Cambridge University Press. https://doi.org/10.1017/CB09780511809071

Massagué, A. C., Ojeda, M. J., Valls, C., Mulero, M., Garcia-Vallve, S., & Pujadas,

G. (2015). Molecular fingerprint similarity search in virtual screening.
Methods, 71, 58-63. https://doi.org/10.1016/j.ymeth.2014.08.005

McCarren, P., Springer, C., & Whitehead, L. (2011). An investigation into

pharmaceutically relevant mutagenicity data and the influence on Ames
predictive  potential.  Journal of Cheminformatics, 3, 51.
https://doi.org/10.1186/1758-2946-3-51

McCarthy, M. K., & Weinberg, J. B. (2015). The immunoproteasome and viral

infection: A complex regulator of inflammation. Frontiers in Microbiology,
6. https://www.frontiersin.org/article/10.3389/fmicb.2015.00021

McGaughey, G. B., Sheridan, R. P., Bayly, C. I., Culberson, J. C., Kreatsoulas, C.,

Lindsley, S., Maiorov, V., Truchon, J.-F., & Cornell, W. D. (2007).
Comparison of Topological, Shape, and Docking Methods in Virtual
Screening. Journal of Chemical Information and Modeling, 47(4), 1504—
1519. https://doi.org/10.1021/ci700052x

McHugh, M. L. (2012). Interrater reliability: The kappa statistic. Biochemia

Medica, 22(3), 276-282.

Mengist, H. M., Mekonnen, D., Mohammed, A., Shi, R., & Jin, T. (2021). Potency,

Safety, and Pharmacokinetic Profiles of Potential Inhibitors Targeting
SARS-CoV-2 Main Protease. Frontiers in Pharmacology, 11.
https://www.frontiersin.org/article/10.3389/fphar.2020.630500

Merad, M., & Martin, J. C. (2020). Pathological inflammation in patients with

COVID-19: A key role for monocytes and macrophages. Nature Reviews
Immunology, 20(6), 355-362. https://doi.org/10.1038/s41577-020-0331-4



UNIVERSITAS
GADJAH MADA

LIGAND-BASED AND MACHINE LEARNING VIRTUAL SCREENING FOR ANTIVIRAL REPURPOSING
TARGET TO SARS COV-2

REPLICASE POLYPROTEIN 1A

GP WAHYUNANDA C Y, Dr. rer.nat. apt. Adam Hermawan, M. Sc.

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

Mitchell, J. B. O. (2014). Machine learning methods in chemoinformatics. Wiley

Interdisciplinary Reviews. Computational Molecular Science, 4(5), 468—
481. https://doi.org/10.1002/wcms.1183

Mody, V., Ho, J., Wills, S., Mawri, A., Lawson, L., Ebert, M. C. C. J. C., Fortin, G.

M., Rayalam, S., & Taval, S. (2021). Identification of 3-chymotrypsin like
protease (3CLPro) inhibitors as potential anti-SARS-CoV-2 agents.
Communications Biology, 4(1), 1-10. https://doi.org/10.1038/s42003-020-
01577-x

Morgan, H. L. (1965). The Generation of a Unique Machine Description for

Chemical Structures-A Technique Developed at Chemical Abstracts
Service. Journal of Chemical Documentation, 5(2), 107-113.
https://doi.org/10.1021/c160017a018

Mysinger, M. M., Carchia, M., Irwin, John. J., & Shoichet, B. K. (2012). Directory

of Useful Decoys, Enhanced (DUD-E): Better Ligands and Decoys for
Better Benchmarking. Journal of Medicinal Chemistry, 55(14), 6582—-6594.
https://doi.org/10.1021/jm300687e

Nagvi, A. A. T., Fatima, K., Mohammad, T., Fatima, U., Singh, I. K., Singh, A.,

Ngo,

NHS

Atif, S. M., Hariprasad, G., Hasan, G. M., & Hassan, Md. 1. (2020). Insights
into SARS-CoV-2 genome, structure, evolution, pathogenesis and
therapies: Structural genomics approach. Biochimica et Biophysica Acta
(BBA) - Molecular Basis of Disease, 1866(10), 165878.
https://doi.org/10.1016/j.bbadis.2020.165878

H. B., Lovely, G. A,, Phillips, R., & Chan, D. C. (2014). Distinct structural
features of TFAM drive mitochondrial DNA packaging versus
transcriptional ~ activation. Nature Communications, 5(1), 3077.
https://doi.org/10.1038/ncomms4077

. (2017, October 19). SARS (severe acute respiratory syndrome). Nhs.UK.

https://www.nhs.uk/conditions/sars/

Nielsen, F. (2016). Hierarchical clustering. In Introduction to HPC with MPI for

Data Science (pp. 195-211). Springer.

Nighania, K. (2019, January 30). Various ways to evaluate a machine learning

models performance. Medium. https://towardsdatascience.com/various-
ways-to-evaluate-a-machine-learning-models-performance-230449055f15

Osipiuk, J., Azizi, S.-A., Dvorkin, S., Endres, M., Jedrzejczak, R., Jones, K. A.,

Kang, S., Kathayat, R. S., Kim, Y., Lisnyak, V. G., Maki, S. L., Nicolaescu,
V., Taylor, C. A., Tesar, C., Zhang, Y.-A., Zhou, Z., Randall, G., Michalska,
K., Snyder, S. A., ... Joachimiak, A. (2021). Structure of papain-like
protease from SARS-CoV-2 and its complexes with non-covalent
inhibitors. Nature Communications, 12(1), 743.
https://doi.org/10.1038/s41467-021-21060-3

Palmer, D. S., Llinas, A., Morao, I., Day, G. M., Goodman, J. M., Glen, R. C., &

Mitchell, J. B. O. (2008). Predicting intrinsic aqueous solubility by a



UNIVERSITAS
GADJAH MADA

LIGAND-BASED AND MACHINE LEARNING VIRTUAL SCREENING FOR ANTIVIRAL REPURPOSING
TARGET TO SARS COV-2

REPLICASE POLYPROTEIN 1A

GP WAHYUNANDA C Y, Dr. rer.nat. apt. Adam Hermawan, M. Sc.

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

thermodynamic cycle. Molecular Pharmaceutics, 5(2), 266-279.
https://doi.org/10.1021/mp7000878

Palmer, D. S., O’Boyle, N. M., Glen, R. C., & Mitchell, J. B. O. (2007). Random

PDB.

forest models to predict aqueous solubility. Journal of Chemical

Information and Modeling, 47(2), 150-158.
https://doi.org/10.1021/ci060164k
(2019). Resolution—Proteopedia, life in 3D.

https://proteopedia.org/wiki/index.php/Resolution

Povlow, A., & Auerbach, A. J. (2021). Acute Cerebellar Ataxia in COVID-19

Infection: A Case Report. The Journal of Emergency Medicine, 60(1), 73—
76. https://doi.org/10.1016/j.jemermed.2020.10.010

Pozzan, A. (2006). Molecular Descriptors and Methods for Ligand Based Virtual

High Throughput Screening in Drug Discovery. Current Pharmaceutical
Design, 12(17), 2099-2110. https://doi.org/10.2174/138161206777585247

Pushpakom, S., lorio, F., Eyers, P. A., Escott, K. J., Hopper, S., Wells, A., Doig,

A., Guilliams, T., Latimer, J., McNamee, C., Norris, A., Sanseau, P.,
Cavalla, D., & Pirmohamed, M. (2019). Drug repurposing: Progress,
challenges and recommendations. Nature Reviews. Drug Discovery, 18(1),
41-58. https://doi.org/10.1038/nrd.2018.168

Qamar, M. T. ul, Algahtani, S. M., Alamri, M. A., & Chen, L.-L. (2020). Structural

basis of SARS-CoV-2 3CLpro and anti-COVID-19 drug discovery from
medicinal plants. Journal of Pharmaceutical Analysis, 10(4), 313-319.
https://doi.org/10.1016/j.jpha.2020.03.009

RAPS. (2022, January 14). COVID-19 vaccine tracker. https://www.raps.org/news-

Ray,

and-articles/news-articles/2020/3/covid-19-vaccine-tracker

S. (2017, September 12). SVM | Support Vector Machine Algorithm in
Machine Learning. Analytics Vidhya.
https://www.analyticsvidhya.com/blog/2017/09/understaing-support-
vector-machine-example-code/

RDKkit. (2022). RDK:it. https://www.rdkit.org/
Refolo, G., Ciccosanti, F., Di Rienzo, M., Basulto Perdomo, A., Romani, M.,

Alonzi, T., Tripodi, M., Ippolito, G., Piacentini, M., & Fimia, G. M. (2019).
Negative Regulation of Mitochondrial Antiviral Signaling Protein-
Mediated Antiviral Signaling by the Mitochondrial Protein LRPPRC
During Hepatitis C Virus Infection. Hepatology (Baltimore, Md.), 69(1),
34-50. https://doi.org/10.1002/hep.30149

Richardson, P., Griffin, I., Tucker, C., Smith, D., Oechsle, O., Phelan, A., Rawling,

M., Savory, E., & Stebbing, J. (2020). Baricitinib as potential treatment for
2019-nCoV acute respiratory disease. Lancet (London, England),
395(10223), e30—e31. https://doi.org/10.1016/S0140-6736(20)30304-4

Rogers, D., & Hahn, M. (2010). Extended-Connectivity Fingerprints. Journal of

Chemical Information and Modeling, 50(5), 742-754.
https://doi.org/10.1021/ci100050t



LIGAND-BASED AND MACHINE LEARNING VIRTUAL SCREENING FOR ANTIVIRAL REPURPOSING
TARGET TO SARS COV-2

REPLICASE POLYPROTEIN 1A

GP WAHYUNANDA C Y, Dr. rer.nat. apt. Adam Hermawan, M. Sc.

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Romaniello, R., Citterio, A., Panzeri, E., Arrigoni, F., De Rinaldis, M., Trabacca,
A., & Bassi, M. T. (2021). Novel SPTBN2 gene mutation and first
intragenic deletion in early onset spinocerebellar ataxia type 5. Annals of
Clinical and Translational Neurology, 8(4), 956-963.
https://doi.org/10.1002/acn3.51345

Rose, P. W., Prli¢, A., Altunkaya, A., Bi, C., Bradley, A. R., Christie, C. H.,
Costanzo, L. D., Duarte, J. M., Dutta, S., Feng, Z., Green, R. K., Goodsell,
D. S., Hudson, B., Kalro, T., Lowe, R., Peisach, E., Randle, C., Rose, A. S.,
Shao, C., ... Burley, S. K. (2017). The RCSB protein data bank: Integrative
view of protein, gene and 3D structural information. Nucleic Acids
Research, 45(D1), D271-D281. https://doi.org/10.1093/nar/gkw1000

Rottier, P. J. M. (1995). The Coronavirus Membrane Glycoprotein. In S. G. Siddell
(Ed.), The  Coronaviridae  (pp. 115-139).  Springer  US.
https://doi.org/10.1007/978-1-4899-1531-3 6

Rudrapal, M., Khairnar, S. J., & Jadhav, A. G. (2020). Drug Repurposing (DR): An
Emerging Approach in Drug Discovery. In Drug Repurposing—Hypothesis,
Molecular Aspects and Therapeutic Applications. IntechOpen.
https://doi.org/10.5772/intechopen.93193

Russell, S., & Norvig, P. (2002a). Artificial intelligence: A modern approach. 737.

Russell, S., & Norvig, P. (2002b). Artificial intelligence: A modern approach. 757.

Saini, G., & Aneja, R. (2021). Cancer as a prospective sequela of long COVID-19.
BioEssays: News and Reviews in Molecular, Cellular and Developmental
Biology, 43(6), €2000331. https://doi.org/10.1002/bies.202000331

Salim, N., Holliday, J., & Willett, P. (2003). Combination of Fingerprint-Based
Similarity Coefficients Using Data Fusion. Journal of Chemical
Information and Computer Sciences, 43(2), 435-442.
https://doi.org/10.1021/ci025596j

Saxena, S. (2020, July 21). The Gaussian RBF Kernel in Non Linear SVM.
Medium. https://medium.com/@suvigya2001/the-gaussian-rbf-kernel-in-
non-linear-svm-2fb1c822aae0

Sayers, E. W., Agarwala, R., Bolton, E. E., Brister, J. R., Canese, K., Clark, K.,
Connor, R., Fiorini, N., Funk, K., Hefferon, T., Holmes, J. B., Kim, S.,
Kimchi, A., Kitts, P. A., Lathrop, S., Lu, Z., Madden, T. L., Marchler-Bauer,
A., Phan, L., ... Ostell, J. (2019). Database resources of the National Center
for Biotechnology Information. Nucleic Acids Research, 47(Database
issue), D23-D28. https://doi.org/10.1093/nar/gky1069

Scherman, D., & Fetro, C. (2020). Drug repositioning for rare diseases: Knowledge-
based success stories. Therapie, 75(2), 161-167.
https://doi.org/10.1016/j.therap.2020.02.007

Shang, J., Sun, H., Liu, H., Chen, F., Tian, S., Pan, P., Li, D., Kong, D., & Hou, T.
(2017). Comparative analyses of structural features and scaffold diversity
for purchasable compound libraries. Journal of Cheminformatics, 9(1), 25.
https://doi.org/10.1186/s13321-017-0212-4



GADJAH MADA

LIGAND-BASED AND MACHINE LEARNING VIRTUAL SCREENING FOR ANTIVIRAL REPURPOSING
TARGET TO SARS COV-2

REPLICASE POLYPROTEIN 1A

GP WAHYUNANDA C Y, Dr. rer.nat. apt. Adam Hermawan, M. Sc.

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

Shannon, P., Markiel, A., Ozier, O., Baliga, N. S., Wang, J. T., Ramage, D., Amin,

N., Schwikowski, B., & Ideker, T. (2003). Cytoscape: A Software
Environment for Integrated Models of Biomolecular Interaction Networks.
Genome Research, 13(11), 2498-2504. https://doi.org/10.1101/gr.1239303

Sharun, K., Tiwari, R., & Dhama, K. (2020). Protease inhibitor GC376 for COVID-

19: Lessons learned from feline infectious peritonitis. Annals of Medicine
and Surgery, 61, 122-125. https://doi.org/10.1016/j.amsu.2020.12.030

Shi, Z., Qianyin, L., J,R.,Ss, M., G, Y., W, W.,,Y,L,D,G., L, Y., D, H., &Mh,

W. (2020). Preliminary estimation of the basic reproduction number of
novel coronavirus (2019-nCoV) in China, from 2019 to 2020: A data-driven
analysis in the early phase of the outbreak. International Journal of
Infectious Diseases : IJID : Official Publication of the International Society
for Infectious Diseases, 92. https://doi.org/10.1016/j.ijid.2020.01.050

Shu, Y., & McCauley, J. (2017). GISAID: Global initiative on sharing all influenza

data - from vision to reality. Euro Surveillance: Bulletin Europeen Sur Les
Maladies Transmissibles = European Communicable Disease Bulletin,
22(13), 30494. https://doi.org/10.2807/1560-7917.ES.2017.22.13.30494

Singh, A. K., Singh, A., & Dubey, A. K. (2021). Repurposed Therapeutic Strategies

towards COVID-19 Potential Targets Based on Genomics and Protein
Structure Remodeling. IntechOpen.
https://doi.org/10.5772/intechopen.96728

Singh, T. U., Parida, S., Lingaraju, M. C., Kesavan, M., Kumar, D., & Singh, R. K.

(2020). Drug repurposing approach to fight COVID-19. Pharmacological
Reports, 72(6), 1479-1508. https://doi.org/10.1007/s43440-020-00155-6

Sisakht, M., Solhjoo, A., Mahmoodzadeh, A., Fathalipour, M., Kabiri, M., &

Sakhteman, A. (2021). Potential inhibitors of the main protease of SARS-
CoV-2 and modulators of arachidonic acid pathway: Non-steroidal anti-
inflammatory drugs against COVID-19. Computers in Biology and
Medicine, 136, 104686.
https://doi.org/10.1016/j.compbiomed.2021.104686

Sooryanarain, H., Rogers, A. J., Cao, D., Haac, M. E. R., Karpe, Y. A., & Meng,

X.-J. (2017). ISG15 Modulates Type I Interferon Signaling and the Antiviral
Response during Hepatitis E Virus Replication. Journal of Virology, 91(19),
e00621-17. https://doi.org/10.1128/JV1.00621-17

Steinbach, M., Karypis, G., & Kumar, V. (2000). A Comparison of Document

Clustering Techniques [Report].
http://conservancy.umn.edu/handle/11299/215421

Sultana, S. I. (2020, December 21). How the Hierarchical Clustering Algorithm

Works. Dataaspirant. https://dataaspirant.com/hierarchical-clustering-
algorithm/

Sydow, D., Morger, A., Driller, M., & VVolkamer, A. (2019). TeachOpenCADD: A

teaching platform for computer-aided drug design using open source



GADJAH MADA

LIGAND-BASED AND MACHINE LEARNING VIRTUAL SCREENING FOR ANTIVIRAL REPURPOSING
TARGET TO SARS COV-2

REPLICASE POLYPROTEIN 1A

GP WAHYUNANDA C Y, Dr. rer.nat. apt. Adam Hermawan, M. Sc.

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

packages and data. Journal of Cheminformatics, 11(1), 29.
https://doi.org/10.1186/s13321-019-0351-x

Szymura, S. J., Bernal, G. M., Wu, L., Zhang, Z., Crawley, C. D., Voce, D. J.,

Campbell, P.-A., Ranoa, D. E., Weichselbaum, R. R., & Yamini, B. (2020).
DDX39B interacts with the pattern recognition receptor pathway to inhibit
NF-xB and sensitize to alkylating chemotherapy. BMC Biology, 18(1), 32.
https://doi.org/10.1186/s12915-020-0764-z

Terrier, O., Dilly, S., Pizzorno, A., Henri, J., Berenbaum, F., Lina, B., Feve, B.,

Adnet, F., Sabbah, M., Rosa-Calatrava, M., Maréchal, V., & Schwok, A. S.
(2020). Broad-spectrum antiviral activity of naproxen: From Influenza A to
SARS-CoV-2 Coronavirus [Preprint]. Microbiology.
https://doi.org/10.1101/2020.04.30.069922

Torres Neto, L., Monteiro, M. L. G., Galvan, D., & Conte-Junior, C. A. (2021). An

Evaluation of the Potential of Essential Oils against SARS-CoV-2 from In
Silico Studies through the Systematic Review Using a Chemometric
Approach. Pharmaceuticals, 14(11), 1138.
https://doi.org/10.3390/ph14111138

Tresadern, G., Bemporad, D., & Howe, T. (2009). A comparison of ligand based

virtual screening methods and application to corticotropin releasing factor
1 receptor. Journal of Molecular Graphics & Modelling, 27(8), 860-870.
https://doi.org/10.1016/j.jmgm.2009.01.003

Tsai, P.-H., Lai, W.-Y ., Lin, Y.-Y., Luo, Y.-H., Lin, Y.-T., Chen, H.-K., Chen, Y .-

M., Lai, Y.-C., Kuo, L.-C., Chen, S.-D., Chang, K.-J., Liu, C.-H., Chang,
S.-C., Wang, F.-D., & Yang, Y.-P. (2021). Clinical manifestation and
disease progression in COVID-19 infection. Journal of the Chinese Medical
Association, 84(1), 3-8. https://doi.org/10.1097/JCMA.0000000000000463

Tseng, Jane., Martin, E., G. Bologa, C., & Shelat, A. A. (2013). Cheminformatics

aspects of high throughput screening: From robots to models: symposium
summary. Journal of Computer-Aided Molecular Design, 27(5), 443-453.
https://doi.org/10.1007/s10822-013-9646-6

Tuerkova, A., & Zdrazil, B. (2020). A ligand-based computational drug

repurposing pipeline using KNIME and Programmatic Data Access: Case
studies for rare diseases and COVID-19. Journal of Cheminformatics,
12(1), 71. https://doi.org/10.1186/513321-020-00474-z

Velavan, T. P.,, & Meyer, C. G. (2020). The COVID-19 epidemic. Tropical

Medicine & International Health, 25(3), 278-280.
https://doi.org/10.1111/tmi.13383

Venkatraman, V., Pérez-Nueno, V. |., Mavridis, L., & Ritchie, D. W. (2010).

Comprehensive Comparison of Ligand-Based Virtual Screening Tools
Against the DUD Data set Reveals Limitations of Current 3D Methods.
Journal of Chemical Information and Modeling, 50(12), 2079-2093.
https://doi.org/10.1021/ci100263p



UNIVERSITAS
GADJAH MADA

TARGET TO SARS COV-2
REPLICASE POLYPROTEIN 1A
GP WAHYUNANDA C Y, Dr. rer.nat. apt. Adam Hermawan, M. Sc.

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

Wang, M., Cao, R., Zhang, L., Yang, X., Liu, J., Xu, M., Shi, Z., Hu, Z., Zhong,
W., & Xiao, G. (2020). Remdesivir and chloroquine effectively inhibit the
recently emerged novel coronavirus (2019-nCoV) in vitro. Cell Research,
30(3), 269-271. https://doi.org/10.1038/s41422-020-0282-0

Wang, Z., Wang, Y., Vilekar, P., Yang, S.-P., Gupta, M., Oh, M. |., Meek, A.,
Doyle, L., Villar, L., Brennecke, A., Liyanage, I., Reed, M., Barden, C., &
Weaver, D. F. (2020). Small molecule therapeutics for COVID-19:
Repurposing  of  inhaled  furosemide. Peer], 8, €9533.
https://doi.org/10.7717/peerj.9533

Wang, Z., & Yang, L. (2022). Broad-spectrum prodrugs with anti-SARS-CoV-2
activities: Strategies, benefits, and challenges. Journal of Medical Virology,
94(4), 1373-1390. https://doi.org/10.1002/jmv.27517

Wenzel, J., Lampe, J., Muller-Fielitz, H., Schuster, R., Zille, M., Miller, K., Krohn,
M., Korbelin, J., Zhang, L., Ozorhan, U., Neve, V., Wagner, J. U. G.,
Bojkova, D., Shumliakivska, M., Jiang, Y., Fahnrich, A., Ott, F., Sencio, V.,
Robil, C., ... Schwaninger, M. (2021). The SARS-CoV-2 main protease
Mpro causes microvascular brain pathology by cleaving NEMO in brain
endothelial ~ cells.  Nature Neuroscience, 24(11), 1522-1533.
https://doi.org/10.1038/541593-021-00926-1

West, A. P., Khoury-Hanold, W., Staron, M., Tal, M. C., Pineda, C. M., Lang, S.
M., Bestwick, M., Duguay, B. A., Raimundo, N., MacDuff, D. A., Kaech,
S. M., Smiley, J. R., Means, R. E., Iwasaki, A., & Shadel, G. S. (2015).
Mitochondrial DNA Stress Primes the Antiviral Innate Immune Response.
Nature, 520(7548), 553-557. https://doi.org/10.1038/nature14156

WHO. (2020). WHO Director-General’s opening remarks at the media briefing on
COVID-19-11 March 2020. Geneva, Switzerland.

Wild, D. J., & Blankley, C. J. (2000). Comparison of 2D Fingerprint Types and
Hierarchy Level Selection Methods for Structural Grouping Using Ward’s
Clustering. Journal of Chemical Information and Computer Sciences, 40(1),
155-162. https://doi.org/10.1021/ci990086j

Wilkens, S. J., Janes, J., & Su, A. . (2005). HierS: Hierarchical scaffold clustering
using topological chemical graphs. Journal of Medicinal Chemistry, 48(9),
3182-3193. https://doi.org/10.1021/jm049032d

Wishart, D. S. (2007). Introduction to Cheminformatics. Current Protocols in
Bioinformatics, 18(1), 14.1.1-14.1.9.
https://doi.org/10.1002/0471250953.bi1401s18

Wishart, D. S., Feunang, Y. D., Guo, A. C., Lo, E. J., Marcu, A., Grant, J. R., Sajed,
T., Johnson, D, Li, C., Sayeeda, Z., Assempour, N., lynkkaran, I., Liu, Y.,
Maciejewski, A., Gale, N., Wilson, A., Chin, L., Cummings, R., Le, D., ...
Wilson, M. (2018). DrugBank 5.0: A major update to the DrugBank
database for 2018. Nucleic Acids Research, 46(D1), D1074-D1082.
https://doi.org/10.1093/nar/gkx1037

LIGAND-BASED AND MACHINE LEARNING VIRTUAL SCREENING FOR ANTIVIRAL REPURPOSING



UNIVERSITAS
GADJAH MADA

TARGET TO SARS COV-2
REPLICASE POLYPROTEIN 1A
GP WAHYUNANDA C Y, Dr. rer.nat. apt. Adam Hermawan, M. Sc.

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

Xie, L., Zhang, Z., Wang, Q., Chen, Y., Lu, D., & Wu, W. (2021). COVID-19 and
Diabetes: A Comprehensive Review of Angiotensin Converting Enzyme 2,
Mutual Effects and Pharmacotherapy. Frontiers in Endocrinology, 12,
772865. https://doi.org/10.3389/fendo.2021.772865

Yang, K. S., Alex Kuo, S.-T., Blankenship, L. R., Geng, Z. Z., Li, S. G., Russell,
D.H., Yan, X, Xu, S., & Liu, W. R. (2022). Repurposing Halicin as a Potent
Covalent Inhibitor for the SARS-CoV-2 Main Protease. Current Research
in Chemical Biology, 100025. https://doi.org/10.1016/j.crchbi.2022.100025

Yang, Y. (2017). Chapter 3—Temporal Data Clustering. In Y. Yang (Ed.),
Temporal Data Mining Via Unsupervised Ensemble Learning (pp. 19-34).
Elsevier. https://doi.org/10.1016/B978-0-12-811654-8.00003-8

Yap,C.W,, Li,Z.R., & Chen, Y. Z. (2006). Quantitative structure-pharmacokinetic
relationships for drug clearance by using statistical learning methods.
Journal of Molecular Graphics & Modelling, 24(5), 383-395.
https://doi.org/10.1016/j.jmgm.2005.10.004

Yeu, Y., Yoon, Y., & Park, S. (2015). Protein localization vector propagation: A
method for improving the accuracy of drug repositioning. Molecular
BioSystems, 11(7), 2096-2102. https://doi.org/10.1039/c5mb00306g

Zebrucka, K., Koryga, I., Mnich, K., Ljujic, M., Samali, A., & Gorman, A. (2016).
The integrated stress response. EMBO Reports, 17(10), 1374-1395.
https://doi.org/10.15252/embr.201642195

Zhang, H.-R., Lai, S.-Y., Huang, L.-J., Zhang, Z.-F., Liu, J., Zheng, S.-R., Ding,
K., Bai, X., & Jueyu, Z. (2018). Myosin 1b promotes cell proliferation,
migration, and invasion in cervical cancer. Gynecologic Oncology, 149.
https://doi.org/10.1016/j.ygyno.2018.01.024

Zhou, D., Park, J.-G., Wu, Z., Huang, H., Fiches, G. N., Biswas, A., Li, T.-W., Ma,
Q., Martinez-Sobrido, L., Santoso, N., & Zhu, J. (2021). FACT subunit
SUPT16H associates with BRD4 and contributes to silencing of antiviral
interferon signaling [Preprint]. Molecular Biology.
https://doi.org/10.1101/2021.04.21.440833

Zhou, P., Yang, X.-L., Wang, X.-G., Hu, B., Zhang, L., Zhang, W., Si, H.-R., Zhu,
Y., Li, B., Huang, C.-L., Chen, H.-D., Chen, J., Luo, Y., Guo, H., Jiang, R.-
D., Liu, M.-Q., Chen, Y., Shen, X.-R., Wang, X., ... Shi, Z.-L. (2020). A
pneumonia outbreak associated with a new coronavirus of probable bat
origin. Nature, 579(7798), 270-273. https://doi.org/10.1038/s41586-020-
2012-7

Zilian, D., & Sotriffer, C. A. (2013). SFCscore(RF): A random forest-based scoring
function for improved affinity prediction of protein-ligand complexes.
Journal of Chemical Information and Modeling, 53(8), 1923-1933.
https://doi.org/10.1021/ci400120b

Zipeto, D., Palmeira, J. da F., Argafaraz, G. A., & Argaiaraz, E. R. (2020).
ACE2/ADAM17/TMPRSS2 Interplay May Be the Main Risk Factor for

LIGAND-BASED AND MACHINE LEARNING VIRTUAL SCREENING FOR ANTIVIRAL REPURPOSING



LIGAND-BASED AND MACHINE LEARNING VIRTUAL SCREENING FOR ANTIVIRAL REPURPOSING
TARGET TO SARS COV-2

REPLICASE POLYPROTEIN 1A

GP WAHYUNANDA C Y, Dr. rer.nat. apt. Adam Hermawan, M. Sc.

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

COVID-19. Frontiers in Immunology, 11.
https://www.frontiersin.org/article/10.3389/fimmu.2020.576745



	Final Skripsi Proofreaded Bookmark
	REFERENCES 


