5.1

BAB 5
KESIMPULAN DAN SARAN

Kesimpulan

Berdasarkan penelitian perhitungan perubahan energi bebas

menggunakan metode Umbrella Sampling dari protein MIP dan ligan

Rapamycin memberikan kesimpulan sebagai berikut:

1.

5.2

Perubahan energi bebas dengan variasi interval jarak COM beserta
jarak COM awal yang digunakan: (A). Jarak awal yang digunakan
adalah 1,238 nm dan interval jarak COM 0,050 nm didapatkan
perhitungan perubahan energi bebas -43,395 kJ/mol, (B). Jarak awal
yang digunakan adalah 1,238 nm dan interval jarak COM 0,098 nm
didapatkan perhitungan perubahan energi bebas -51,280 kJ/mol,
(C). Jarak awal yang digunakan adalah 1,281 nm dan interval jarak
COM 0,098 nm didapatkan perhitungan perubahan energi bebas -
37,062 kJ/mol, (D). Jarak awal yang digunakan adalah 1,238 nm dan
interval jarak COM 0,147 nm didapatkan perhitungan perubahan
energi bebas -46,498 kJ/mol.

Pada variasi interval jarak COM menggunakan kecepatan tarikan
yang diperlambat menjadi 0,001 nm ps' menunjukkan adanya
celah. Namun pada celah kecil atau celah besar nilai perubahan

energi bebasnya berbeda.

Saran

Penelitian untuk kompleks protein MIP dan ligan Rapamycin perlu

dilakukan penelitian selanjutnya untuk mengamati celah pada jarak COM

berapa supaya mengetahui interaksi apa yang terjadi.

32



DAFTAR PUSTAKA

Abraham, M.J., van der Spoel, D., Lindahl, E. and Hess, B. 2018,
GROMACS User Manual version 2018. 2, Welcome to GROMACS
- GROMACS webpage https://www.gromacs.org documentation

Aliev, A. E., Kulke, M., Khaneja, H. S., Chudasama, V., Sheppard, T. D., &
Lanigan, R. M. 2014, Motional timescale predictions by molecular
dynamics simulations: case study using proline and hydroxyproline
sidechain  dynamics. Proteins: Structure, Function, and
Bioinformatics, 82(2), 195-215.

Berendsen, H. J., Postma, J. V., Van Gunsteren, W. F., DiNola, A. R. H.
J.,and Haak, J. R. 1984, Molecular dynamics with coupling to and
external bath. The Journal of chemical physics, 81(8), 3684-3690.

Cunha, B. A., Burillo, A., and Bouza, E. 2016, Legionnaires’ disease. The
Lancet, 387(10016): 376-385.Ceymann, A., Horstmann, M., Ehses,
P., Schweimer, K., Paschke, A. K., Steinert, M., and Faber, C. 2008,
Solution structure of the Legionella pneumophila Mip-rapamycin
complex. BMC Structural Biology, 8:1-12.

Gattuso, G., Rizzo, R., Lavoro, A., Spoto, V., Porciello, G., Montagnese,
C.,Cina, D.,Cosentino, A., Lombardo, C., Mezzatesta, M. L., and
Salmeri, M. 2022, Overview of the Clinical and Molecular Features
of Legionella Pneumophila: Focus on Novel Surveillance and
Diagnostic Strategies. Antibiotics, 11(3): 3-6.

Heldiandri. 2024, ‘Simulasi Pendahuluan Protein MIP Dengan Ligan

Rapamycin Untuk Persiapan Umbrella Sampling’, Skripsi, Sarjana
Farmasi, Universitas Katolik Widya Mandala, Surabaya.

Hollingsworth, S. A., and Dror, R. O. 2018, Molecular Dynamics Simulation
for All. In Neuron, 99 (6): 2-3.

Illiadi, V., Staykova, J., Iliadis, S., Konstantinidou, I., Sivykh, P.,
Romanidou, G., Vardikov, D. F., Cassimos, D., and Konstantinidis,
T. G. 2022, Legionella pneumophila: The Journeyfrom the
Environment to the Blood. Journal of Clinical Medicine, 11: 1-9.

Juli, C., Sippel, M., Jéger, J., Thiele, A., Weiwad, M., Schweimer, K., Rdsch,
P., Steinert, M., Sotriffer, C. A., and Holzgrabe, U. 2011,
Pipecolicacid derivatives as small-molecule inhibitors of

33


https://d.docs.live.net/02F8151EC9A62BC3/Dokumen/semester%207/komputasi/SKRIPSI/Welcome%20to%20GROMACS%20—%20GROMACS%20webpage%20https:/www.gromacs.org%20documentation
https://d.docs.live.net/02F8151EC9A62BC3/Dokumen/semester%207/komputasi/SKRIPSI/Welcome%20to%20GROMACS%20—%20GROMACS%20webpage%20https:/www.gromacs.org%20documentation

the legionella MIP protein. Journal of Medicinal Chemistry, 54(1):
277-283

Jorgensen, W. L., Chandrasekhar, J., Madura, J. D., Impey, R. W., and Klein,
M. L. 1983, Comparison of simple potential functions for simulating
liquid water. The Journal of Chemical Physics, 79(2): 926-935.

Kistner, J. 2011, Umbrella sampling, Wiley Interdisciplinary Reviews:
Computational Molecular Science, 1(6): 932-942.

Liu, Y., Yang, F., Zou, S., and Qu, L. 2019, Rapamycin: A bacteria-derived
immunosuppressant that has anti-atherosclerotic effects and its
clinical application. Frontiers in Pharmacology, 9: 1-15.

Rasch, J., Theuerkorn, M., Unal, C., Heinsohn, N., Tran, S., Fischer,
G.,Weiwad, M., and Steinert, M. 2015, Novel cycloheximide
derivatives targeting the moonlighting protein Mip exhibit specific
antimicrobial activity against Legionella pneumophila. Frontiers
Bioengineering and Biotechnology, 3(41): 1-7.

Scheithauer, L., Karagdz, M. S., Mayer, B. E., and Steinert, M. 2023, Protein
sociology of ProA, Mip and other secreted virulence factors at the
Legionella pneumophila surface. Frontiers in Cellular and Infection
Microbiology, 13: 1-2.

Torrie, G. M., and Valleau, J. P. 1974. Monte Carlo free energy estimates
using non-Boltzmann sampling: Application to the sub-critical
Lennard-Jones fluid. Chemical Physics Letters, 28(4), 578-58.

Viasus, D., Gaia, V., Manzur-Barbur, C., nd Carratala, J. 2022, Legionnaires’
Disease: Update on Diagnosis and Treatment. Infectious Diseases
and Therapy, 11(3): 970-986.

Wang, J., Wolf, R. M., Caldwell, J. W., Kollman, P. A., and Case, D. A. 2004,
Development and Testing of a General Amber Force Field. In J
Comput Chem, 150: 3383-3391.

34



