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ten, C., Pöhlmann, S., 2020, SARS-CoV-2 Cell Entry Depends on ACE2 and

TMPRSS2 and Is Blocked by a Clinically Proven Protease Inhibitor, Cel, 181(2),

271-280, doi: 10.1016/j.cell.2020.02.052.

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

T., 2020, How COVID-19 induces cytokine storm with high mortality, Inflamm.

Inflamm Regen, 40:37, doi: 10.1186/s41232-020-00146-3.

Hopkins, J., Yadavalli, T., Agelidis, A. M., Shukla, D., 2018, Host Enzymes He-

paranase and Cathepsin L Promote Herpes Simplex Virus 2 Release from Cells,

Cells. J Virol, 92(23), e01179-18, doi: 10.1128/JVI.01179-18.

Horiuchi, M., Akishita, M., Dzau, V. J., 1999, Recent progress in angiotensin II type

2 receptor research in the cardiovascular system, Hypertension,33(2), 613–21,

doi: 10.1161/01.hyp.33.2.613.

Pemodelan dan Analisis Matematis Interaksi Antar Enzim pada \textit{SARS-CoV-2}
Haniefa Atzzahra, Prof. Dr. Fajar Adi Kusumo, S.Si., M.Si.
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/



164

Hu, Y., Guo, L., Gao, K., and Zhang, M., 2020, Study on the Mechanism of

Cathepsin L on the Activation of M1 Macrophages in Sepsis-induced Acu-

te Renal Injury, Indian Journal of Pharmaceutical Sciences, 82, 102–107,

doi:10.36468/pharmaceutical-sciences.spl.107

Irham, W. H., Junaidi, Jannah, M., Saragih, S. W., Ajmain, 2023, Penggunaan Vak-

sinasi Covid-19 Sinovac Dan Moderna Di Desa Lubuk Damar Kecamatan Seru-

way Use of Sinovac and Moderna Covid-19 Vaccinations in Lubuk Damar Villa-

ge, CHEMVIRO: Jurnal Kimia dan Ilmu Lingkungan, 2(2), 79-86.

Ishikawa, T., 2012, Clinical Preparedness for Cytokine Storm Induced By the Hi-

ghly Pathogenic H5N1 Influenza Virus. Journal of Pharmacogenomics & Phar-

macoproteomics, 03(06), 1000e131, doi: 10.4172/2153-0645.1000e131.

Jia, H. P., Look, D. C., Tan, P., Shi, L., Hickey, M., Gakhar, L., Chappell, M. C.,

Wohlford-Lenane, C., McCray, P. B. Jr., 2009, Ectodomain shedding of angio-

tensin converting enzyme 2 in human airway epithelia, Am J Physiol Lung Cell

Mol Physiol, 297(1), L84–96, doi: 10.1152/ajplung.00071.

Jia, Y. B., 2015, Roots of polynomials, Com S 477/577 Notes.

Jin, Z., Du, X., et al., 2020, Structure of Mpro from COVID-19 virus and discovery

of its inhibitors. Nature, 582(7811), 289-293, doi:10.1038/s41586-020-2223-y.

Kartono, A., Rosidah, R., Arif, A., 2020, Solusi Numerik Model Dinamik Perlaku-

an Immunotherapy pada Infeksi HIV-1, BERKALA FISIKA, 13(1), [Online].

Keidar, S., Kaplan, M., Gamliel-Lazarovich, A., 2007, ACE2 of the heart:

from angiotensin I to angiotensin (1-7), Cardiovasc Res, 73(3), 463–9, doi:

10.1016/j.cardiores.2006.09.006.

Koganti, R., Suryawanshi, R., Shukla, D., 2020, Heparanase, cell signaling, and

viral infections. Cell Mol Life Sci, 77(24), 5059-5077, doi: 10.1007/s00018-020-

03559-y

Pemodelan dan Analisis Matematis Interaksi Antar Enzim pada \textit{SARS-CoV-2}
Haniefa Atzzahra, Prof. Dr. Fajar Adi Kusumo, S.Si., M.Si.
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/



165

Kuba, K., Imai, Y., Rao, S., Gao, H., Guo, F., Guan, B., et al., 2005, A crucial role

of angiotensin converting enzyme 2 (ACE2) in SARS coronavirus-induced lung

injury. Nat Med, 11(8), 875–9, doi: 10.1038/nm1267.

Kubo, S., Nakayamada, S., Sakata, K., Kitanaga, Y., Ma, X., Lee, S., Ishii, A.,

Yamagata, K., Nakano, K., Tanaka, Y., 2018, Janus Kinase Inhibitor Bariciti-

nib Modulates Human Innate and Adaptive Immune System, Front Immunol, 9,

1510. doi: 10.3389/fimmu.2018.01510.

Kundu, D., Selvaraj, C., Singh, S. K., Dubey, V. K., 2021, Identification of new

antinCoV drug chemical compounds from Indian spices exploiting SARS-CoV-2

main protease as target, Journal of Biomolecular Structure and Dynamics, 39(9),

T3428-3434, doi: 10.1080/07391102.2020.1763202.

Kusuma, M. F., Kusumo, F. A., 2019, A mathematical modelling for estra-

diol influence on DNA damage response and G1/S transition phase regula-

tions in early stage of breast cancer. IP Conference Proceedings, 2192(1),

doi:10.1063/1.5139158.

Lamers, M. M., Beumer, J., van der Vaart, J., Knoops, K., Puschhof, J., et al., 2020,

SARS-CoV-2 productively infects human gut enterocytes, Science, 369(6499),

50-54, doi: 10.1126/science.abc1669.

Leung, W. K., To, K. F., Chan, P. K., Chan, H. L., Wu, A. K., Lee, N., Yu-

en, K. Y., Sung, J. J., 2003, Enteric involvement of severe acute respiratory

syndrome-associated coronavirus infection. Gastroenterology, 125(4), 1011-7.

doi: 10.1016/s0016-5085(03)01215-0.

Li, F., Li, W., Farzan, M., Harrison, S. C., 2005, Structure of SARS coronavirus spi-

ke receptor-binding domain complexed with receptor. Science, 309(5742), 1864-

8, doi: 10.1126/science.1116480.

Li, W., Moore, M. J., Vasilieva, N., Sui, J., Wong, S. K., Berne, M. A.,, et al.,

2003, Angiotensinconverting enzyme 2 is a functional receptor for the SARS

coronavirus, Nature, 426(6965), 450-4, doi: 10.1038/nature02145.

Pemodelan dan Analisis Matematis Interaksi Antar Enzim pada \textit{SARS-CoV-2}
Haniefa Atzzahra, Prof. Dr. Fajar Adi Kusumo, S.Si., M.Si.
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/



166

Liu, C. L., Guo, J., Zhang, X., Sukhova, G. K., Libby, P., Shi, G. P., 2018, Cystei-

ne protease cathepsins in cardiovascular disease: from basic research to clinical

trials. Nat. Rev. Cardiol, 15(6), 351–370, doi: 10.1038/s41569-018-0002-3.

Luo, W., Li, Y. X., Jiang, L. J., Chen, Q., Wang, T., Ye, D. W., 2020, Targeting JAK-

STAT Signaling to Control Cytokine Release Syndrome in COVID-19. Trends

Pharmacol Sci, 41(8), 531-543, doi: 10.1016/j.tips.2020.06.007.

Luo, Y., Alexander, M., Gadina, M., O’Shea, J. J., Meylan, F., Schwartz,

D. M., 2021, JAKSTAT signaling in human disease: From genetic syndro-

mes to clinical inhibition, J. Allergy Clin Immunol, 148(4), 911–925, doi:

10.1016/j.jaci.2021.08.004.

Maehr R, Mintern JD, Herman AE, Lennon-Duménil AM, Mathis D, Benoist C,

Ploegh HL, 2005, Cathepsin L is essential for onset of autoimmune diabetes in

NOD mice, J Clin Invest, 115(10), 2934–2943, doi: 10.1172/JCI25485.

Meyer, S. C., Levine, R. L., 2014, Molecular pathways: molecular basis for sensiti-

vity and resistance to JAK kinase inhibitors, Clin. Cancer Res, 20(8), 2051–2059,

doi: 10.1158/1078-0432.CCR-13-0279.

Mikkonen, L., Pihlajamaa, P., Sahu, B., Zhang, F. P., Jänne, O. A., 2010, Androgen

receptor and androgen-dependent gene expression in lung, Mol Cell Endocrinol,

317(1–2), 14–24, doi: 10.1016/j.mce.2009.12.022.

Mittal, S., Mir, R. A., Chauhan, S. S., 2011, Post-transcriptional regula-

tion of human cathepsin L expression, Biol. Chem, 392(5), 05–413, doi:

10.1515/BC.2011.039.

Morris, R., Kershaw, N. J., Babon, J. J., Babon, 2018, The molecular details of

cytokine signaling via the JAK/STAT pathway, Protein Sci, 27 (12), 1984–2009,

doi: 10.1002/pro.3519.

Morse, J. S., Lalonde, T., Xu, S., Liu, W. R., 2020, Learning from the Past

: Possible Urgent Prevention and Treatment Options for Severe Acute Res-

Pemodelan dan Analisis Matematis Interaksi Antar Enzim pada \textit{SARS-CoV-2}
Haniefa Atzzahra, Prof. Dr. Fajar Adi Kusumo, S.Si., M.Si.
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/



167

piratory Infections Caused by 2019-nCoV, ChemBioChem, 21(5), 730-738,

doi:10.1002/cbic.202000047.

Murray, J. D., 2002, Mathematical Biology I: An Introduction, 3rd edition, Springer

Interdisciplinary Applied Mathematics Series, Vol.17.

Musumeci, F., Greco, C., Giacchello, I., Fallacara, A. L., Ibrahim, M. M., Grossi,

G., Brullo, C., Schenone, S., 2019, An Update on JAK Inhibitors, Curr Med

Chem, 26(10), 1806–1832, doi: 10.2174/0929867325666180327093502

O’Shea, J. J., Plenge, R., 2012, JAK and STAT signaling molecules in immu-

noregulation and immune-mediated disease, Immunity, 36(4), 542–550, doi:

10.1016/j.immuni.2012.03.014.

Olsder, G.J., 1994, Mathematical System Theory, Delftse Uitgevers Maatschappij,

CW Delft, Netherlands.

Perko, L., 2001, Differential Equations and Dynamical Systems, Text in Applied

Mathematics Vol.7, Springer-Verlag, New York.

Roda, G., Dal Buono, A., Argollo, M., Danese, S., 2020, JAK selectivity: more

precision less troubles, Expert Rev Gastroenterol Hepatol, 14(9), 789–796, doi:

10.1080/17474124.2020.1780120

Ross, S. L., 1984, Differential Equation, John Wiley Inc., Singapore.

Roth, W., Deussing, J., Botchkarev, V. A., Pauly-Evers, M., Saftig, P., Hafner, A,,

et al., 2000, Cathepsin L deficiency as molecular defect of furless: hyperprolife-

ration of keratinocytes and pertubation of hair follicle cycling, FASEB J, 14(13),

2075-86. doi: 10.1096/fj.99-0970com.

Santos, R. A. S., Sampaio, W. O., Alzamora, A. C., Motta-Santos, D., Alenina, N.,

Bader, M., Campagnole-Santos, M. J., 2017, The ACE2/angiotensin-(1-7)/MAS

axis of the renin-angiotensin system:focus on angiotensin-(1-7), Physiol Rev,

98(1), 505-553, doi: 10.1152/physrev.00023.2016.

Pemodelan dan Analisis Matematis Interaksi Antar Enzim pada \textit{SARS-CoV-2}
Haniefa Atzzahra, Prof. Dr. Fajar Adi Kusumo, S.Si., M.Si.
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/



168

Schindler, C., Levy, D. E., Decker, T., 2007, JAK-STAT signaling: from

interferons to cytokines, J Biol Chem, 282(28), 20059–20063, doi:

10.1074/jbc.R700016200.

Shimizu, M., 2024, Clinical Features of Cytokine Storm Syndrome, Adv Exp Med

Biol, 1448, 33-42, doi: 10.1007/978-3-031-59815-9 4.

Shehzad, A., Sumartono, C., Nugraha, J., Susilowati, H., Wijaya, A. Y., Ahmad, H.

I., Kashif, M., Tyasningsih, W., Rantam, F. A., 2022, Development of Multi-

Epitope Spike of Glycoprotein Vaccine to Combat SARS-CoV-2 Using The

Bioinformatics Approach. Journal of Pharmacy & Pharmacognosy Researchs,

10(3), 445-458.

Singh, N., Das, P., Gupta, S., Sachdev, V., Srivasatava, S., Datta Gupta, S., Pandey,

R. M., Sahni, P., Chauhan, S. S., Saraya, A., 2014, Plasma cathepsin L: A prog-

nostic marker for pancreatic cancer, World J Gastroenterol, 20(46), 17532-40,

doi: 10.3748/wjg.v20.i46.17532.

Sorrell, F. J., Szklarz, M., Abdul Azeez, K. R., Elkins, J. M., Knapp, S., 2016,

Family-wide Structural Analysis of Human Numb-Associated Protein Kinases,

Structure, 24(3), 401–411, doi: 10.1016/j.str.2015.12.015.

Stebbing, J., Sánchez Nievas, G., Falcone, M., Youhanna, S., Richardson, P., Ot-

taviani, S., Shen, J. X., Sommerauer, C., Tiseo, G., Ghiadoni, L., et al., 2021,

JAK inhibition reduces SARS-CoV-2 liver infectivity and modulates inflamma-

tory responses to reduce morbidity and mortality, Sci Adv, 7(1), eabe4724, doi:

10.1126/sciadv.abe4724.

Thomis, D. C., Gurniak, C. B., Tivol, E., Sharpe, A. H., Berg, L. J., 1995, Defects

in B lymphocyte maturation and T lymphocyte activation in mice lacking Jak3,

Science, 270(5237), 794–797, doi: 10.1126/science.270.5237.794

Thompson, M. R., Kaminski, J. J., Kurt-Jones, E. A., Fitzgerald, K. A., 2011, Pat-

tern Recognition Receptors and the Innate Immune Response to Viral Infection.

Viruses, 3(6), 920–940, doi: 10.3390/v3060920.

Pemodelan dan Analisis Matematis Interaksi Antar Enzim pada \textit{SARS-CoV-2}
Haniefa Atzzahra, Prof. Dr. Fajar Adi Kusumo, S.Si., M.Si.
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/



169

Tipnis, S. R., Hooper, N. M., Hyde, R., Karran, E., Christie, G., Turner, A. J., 2000,

A human homolog of angiotensin-converting enzyme. Cloning and functional

expression as a captopril-insensitive carboxypeptidase, J Biol Chem, 275(43),

33238-43, doi: 10.1074/jbc.M002615200.

Tripathi, G., 2010, Cellular and Biochemical Sciences, International Publishing

House Pvt.Ltd., New-Delhi.

Turk, B., Turk, D., Turk, V., 2000, Lysosomal cysteine proteases: more th-

an scavengers, Biochim. Biophys. Acta, 1477, 98–111. doi: 10.1016/s0167-

4838(99)00263-0.

Van Oudenaarden, A., 2004, Systems biology [OpenCourseWare]. Massachuset-

ts Institute of Technology. https://ocw.mit.edu/courses/8-591j-systems-biology-

fall-2004/.

Verhulst, F., 1996, Nonlinear Differential Equations and Dynamical Systems, Spri-

nger, Berlin.

Wallweber, H. J., Tam, C., Franke, Y., Starovasnik, M. A., Lupardus, P. J., 2014,

Structural basis of recognition of interferon-alpha receptor by tyrosine kinase 2,

Nat Struct Mol Biol, 21(5), 443–448, doi: 10.1038/nsmb.2807.

Walls, A. C., Park, Y. J., Tortorici, M. A., Wall, A., McGuire, A. T., Veesler, D.,

2020, Structure, Function, and Antigenicity of the SARS-CoV-2 Spike Glycop-

rotein. Cell, 181(2), 281-292.e6, doi: 10.1016/j.cell.2020.02.058.

Wan, Y., Shang, J., Graham, R., Baric, R. S., Li, F., 2020, Receptor Recogni-

tion by the Novel Coronavirus from Wuhan: an Analysis Based on Decade-

Long Structural Studies of SARS Coronavirus. J Virol, 94(7), e00127-20, doi:

10.1128/jvi.00127-20.

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,

doi: 10.1038/s41422-020-0282-0.

Pemodelan dan Analisis Matematis Interaksi Antar Enzim pada \textit{SARS-CoV-2}
Haniefa Atzzahra, Prof. Dr. Fajar Adi Kusumo, S.Si., M.Si.
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/



170

Warli, M. Z., Toaha, S., Kasbawati, 2021, Analisis kestabilan model per-

tumbuhan sel kanker dengan terapi gen onyx P53, Proximal, 4(2),

doi:10.30605/proximal.v4i2.1244.

World Health Organization, (28 Maret, 2023), Coronavirus di-

sease (COVID-19), WHO, Diakses pada 6 Januari 2024,

https://www.who.int/emergencies/diseases/novel-coronavirus-2019/question-

and-answers-hub/q-a-detail/coronavirus-disease-covid-19.

World Health Organization, 2023, WHO COVID-19 dashboard, WHO, Diakses pa-

da 6 Januari 2024, https://data.who.int/dashboards/covid19/cases.

Widowati dan Sutimin, 2007, Buku Ajar Pemodelan Matematika. Sema-

rang:Universitas Diponegoro.

Wiggins, Stephen, 2003, Introduction To Applied Nonlinear Dynamical Systems

And Chaos. SpringerVerlag, New York

Wijayanti, H., Setyaningsih, S., Wati. M., 2011, Metode Runge Kutta dalam Penye-

lesaian Model Radang Akut. Ekologia, 11(2), doi: 10.33751/ekol.v11i2.260.

Wrapp, D., Wang, N., Corbett, K. S., Goldsmith, J. A., Hsieh, C. L., Abiona, O.,

Graham, B. S., McLellan, J. S., 2020, Cryo-EM structure of the 2019-nCoV spike

in the prefusion conformation. Science, 367(6483), 1260–1263, doi: 10.1126/sci-

ence.abb2507.

Wu, C., Liu, Y., Yang, Y., Zhang, P., Zhong, W., Wang, Y., Wang, Q., Xu, Y., Li,

M., Li, X., Zheng, M., Chen, L., Li, H., 2020, Analysis of therapeutic targets for

SARS-CoV-2 and discovery of potential drugs by computational methods, Acta

Pharm Sin B, 10(5), 766-788, doi: 10.1016/j.apsb.2020.02.008.

Zhang, M., Xu, C. R., Shamiyeh, E., Liu, F., Yin, J. Y., von Moltke, L. L., Smi-

th, W. B., 2014, A randomized, placebo-controlled study of the pharmacokine-

tics, pharmacodynamics, and tolerability of the oral JAK2 inhibitor fedratinib

(SAR302503) in healthy volunteers, J. Clin. Pharmacol, 54(4), 415–421, doi:

10.1002/jcph.218.

Pemodelan dan Analisis Matematis Interaksi Antar Enzim pada \textit{SARS-CoV-2}
Haniefa Atzzahra, Prof. Dr. Fajar Adi Kusumo, S.Si., M.Si.
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/



171

Zhang, L., Lin, D., Sun, X., Curth, U., Drosten, C., Sauerhering, L., Becker, S., Rox,

K., Hilgenfeld, R., 2020, Crystal structure of SARS-CoV-2 main protease provi-

des a basis for design of improved a-ketoamide inhibitors. Science, 368(6489),

409-412, doi: 10.1126/science.abb3405.

Zhou, D., Dai, S. M., Tong, Q., 2020, COVID-19: a recommendation to exami-

ne the effect of hydroxychloroquine in preventing infection and progression, J.

Antimicrob Chemother, 75(7), 1667-1670, doi: 10.1093/jac/dkaa114.

Pemodelan dan Analisis Matematis Interaksi Antar Enzim pada \textit{SARS-CoV-2}
Haniefa Atzzahra, Prof. Dr. Fajar Adi Kusumo, S.Si., M.Si.
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/


	DAFTAR PUSTAKA

