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ALUR PENELITIAN SIMULASI MOLECULAR DOCKING SENYAWA

Reseptor Senvawa
Mebng:ndulh str;ktl:r_S%r’rlelalm Mengunduh struktur
\éve il e online Protein Data melalui website
an Pubchem

Preparasi Reseptor

Preparasi Senyawa

- Memisahkan antara reseptor dan - Menginput file
ligan menggunakan Discovery hasil unduhan
Studio Visualizer ® pada software

- Menghilangkan molekul air dan Marvin Sketch®
residu yang tidak diperlukan untuk preparasi

- Menyimpan hasil preparasi dalam - Melakukan
format (.pdb) proses minimasi

energi

Senyawa.mol?2

Reseptor.ndb

Ligand.pdb
- Menambahkan muatan
- Menambahkan muatan gastaiger dan atom hldroge_n
. - Melakukan pengaturan torsi
kollman dan atom hidrogen . . .
- Menyimpan hasil preparasi
polar dalam format (.pdbqt)
- Menyimpan hasil preparasi Pabe
dalam format (.pdbqt)
Validasi

- Menggabungkan hasil preparasi
reseptor dan ligan alami (.pdbqt)
pada Autodock Tools® dan
melakukan penentuan grid box

- Melakukan pengaturan
parameter docking seperti, GA
of run 100 penambatan,
Lamarckian

- Melakukan proses running

Gambar VI1.1 Alur penelitian molecular docking senyawa
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(LANJUTAN)

Perhitunaan RMSD

Membuka hasil file format
(.dlg) untuk melihat nilai RMSD
dan AG

Docking Senvawa

Menggabungkan hasil
preparasi reseptor dan
senyawa (.pdbqt) pada
Autodock  Tools® dan
melakukan penentuan grid box
Melakukan pengaturan
parameter docking seperti, GA
of run 100 penambatan,
Lamarckian

Melakukan proses running

Analisis senyawa

Membuka hasil file format
(.dlg) untuk melihat nilai
RMSD dan AG

Menganalisis hasil interaksi
molekul dan residu asam amino
serta visualisasi menggunakan
Discovery Studio Visualizer ®

Gambar VII.1 Lanjutan
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ALUR PENELITIAN SIMULASI DINAMIKA MOLEKULER

Tahap Persiapan

65

- Pengunduhan aplikasi yang dibutuhkan

- Menghubungkan akun google drive dengan
google colab

- Upload file ligand.pdb dan protein.pdb pada
google drive

Persiapan Topologi

- Penentuan box dan pelarut (TIP3P) juga medan
gaya (force field) berupa FF19SB untuk protein
dan GAFF2 untuk ligand

- Penambahan ion (netralisasi) menggunakan NaCl

Minimasi Energi

Equilibirasi
Dilakukan pada ansambel NPT (Jumlah konstan
partikel, Tekanan, dan Suhu) dimana tekanan yang
digunakan yaitu 1 bar dan pada suhu 310°K
Produksi

Dilakukan selama 50 ns atau 1000 ps dan suhu 310°K

Gambar VII. 2 Alur penelitian simulasi dinamika molekuler
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ALUR PREDIKSI DRUGLIKENESS, PREDIKSI ADMET

Senyawa

Mengupload file mol2 pada website SCFBIO-Lipinski
Rule’s of Five (http://scfbio-iitd.res.in) lalu submit

Hasil Druglikeness

Gambar VI11.3 Alur penelitian prediksi druglikenes

Senyawa

- Mengunduh senyawa uji dalam format file (.SDF)

- Membuka file (.SDF) menggunakan notepad

- Menyalin isi file dan menempelkannya pada laman
Pre-ADMET  (http://preadmet.bmdrc.org/) lalu
submit

Hasil PRE-ADMET

Gambar VI11.4 Alur penelitian prediksi ADMET
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SITUS DAN APLIKASI

Pub@hem About  Docs  Submit  Contact

Explore Chemistry

Quickly find chemical information from authoritative sources

Try  covid-19 a EGFR C9HB04 5 S/C3H60/c1-3(2)4/h1-2H3

O useEntrez

by
Draw Structure Upluad ID List Browse Data Periodic Table

Gambar VI1.5 Tampilan situs Pubchem

RCSB PDB  Deposit ~ Search ~ Visualize ~ Analyze ~ Download ~ Leamn v About v Documentation ~ Careers COVID-19 [ MyPDB ~ | Contact us
[ 206,066 Structures from the PDB
~ 3D Structures @ arch term(s), Entry ID(s), or sequence Include CSM ©
PROTEIN DATA BA 1,068,577 Computed Structure
utesAGEM) Advanced Search | Browse Annotations Help

SPDB #onutox BNAKB {2208 @ PDB-Dev

RCSB Protein Data Bank (RCSB PDB) enables breakthroughs in
science and education by providing access and tools for exploration
visualization, and analysis of:

#® Deposit Experimentally-determined 3D structures from the Protein Data
Bank (PDB) archive

Q Search a Computed Structure Models (CSM) from AlphaFold DB and
ModelArchive

Eal Visualize These data can be explored in context of external annotations providing
a structural view of biology.

Analyze

# Download Explore Y & PDB-101
NEW Training

Features E L e

Wl Leam

Gambar VI1.6 Tampilan situs Protein Data Bank
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Lipinski Rule of Five

following rules

Molecular mass less than 500 Dalton

High lipophilicity {expressed as LogP less than 5)
Less than 5 hydrogen bond donors

Less than 10 hydrogen bond acceptors

Molar refractivity should be between 40-130

s ee e

clinical failures .To draw a chemical structure Click Here and follow the instructions gi

| Home | Group | Publications | Resources | Webmail | Contact Us

Lipinski rule of 5 helps in distinguishing between drug like and nen drug like molecules. Tt predicts high
probability of success or failure due to drug likeness for molecules complying with 2 or more of the

These filters help in early preclinical development and could help avoid costly late-stage preclinical and

iven.

Step 1: Input Drug File.

Input PDB file | Choose File | No file chosen

Step 2 : Input pH Value

pH Value [Value ranges from 0.0 to 14.0]

Step 3: Click on 'Submit' to submit your job

How to Use the Tool

OPTION 1:-
= The input File should be in the following formats[*
AR e et S

=.smi]

Gambar VI1.7 Tampilan situs Lipinski’s Rule of Five

€ Tel: +82-32-212.955

Pre

Home About ® Druglikeness 4 ADME # Toxicity Community Commercial

Welcome to the PreADMET

PreADMET is a web-based application for predicting ADME data and building drug-like library using in silico method
PreADMET ver 2.0 is also commercially available in the four editions: Descritpors, Endpoint, Standard and
Professional.

Drug-Likeness Prediction

Lipinski' rule, lead-like rule, Drug DB like rule

ADME Prediction

caco-2, MDCK, BBB. HIA, plasima protein binding and skin permeability data

Toxicity Prediction

Ames test and rodent carcinogenicity assay

0/ Fax: +82-32-212-9572 B2 webmaster@bmdre.org

2 209, veritas A Hall, Yonsei University 85 Songdogwahak-ro, Yeensu-gu, Incheon 21983, Republic of Korea

Lastest News

G-SFED and Human Nephrotoxicity
models will be added in Aug 2017

= PreADMET Ver 2.1 is coming soon in
! this month

—
[2008/11] PreADME is one of the
most popular sites by
Cheminformatics.org.

-3_—7 [2008/10] New release of PreADMET

i v2.0 windows versiar

Gambar VI1.8 Tampilan situs PreADMET
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) Protein_ligand.ipynb @ Share 3 0

File Edit view Insert Runtime Tools Help

+ Code + Text & Copy to Drive Connect &PU v A

Voo SR W

Q
Hello there!
=}
This is a Jupyter notebook for running Molecular Dynamics (MD) simulations using OpenMM engine and AMBER force field for Protein and
[} Ligand systems. This notebook is a supplementary material of the paper "Making it rain: Cloud-based molecular simulations for everyone” (link
here) and we encourage you to read it before using this pipeline.
The main goal of this notebook is to demonstrate how to harness the power of cloud-computing to run microsecond-long MD simulations in a
cheap and yet feasible fashion.
This notebook is NOT a standard protocol for MD simulations! It is just simple MD pipeline illustrating each step of a simulation protocol.
Bugs
« If you encounter any bugs, please report the issue to https://github.com/pablo-arantes/making-it-rain/issues
Acknowledgments
+ We would like to thank the OpenMM team for developing an excellent and open source engine.
» We would like to thank the ChemosimLab (@ChemosimLab) team for their incredible ProLIF (Protein-Ligand Interaction Fingerprints) tool.
<
» A Making-it-rain by Pable R. Arantes (@pablitoarantes), Marcelo D. Poléte (@mdpoleto), Conrade Pedebos (@ConradoPedebos) and
= Rodrigo Ligabue-Braun (@ligabue_braun).
L « Also, credit to David Koes for his awesome py3Dmol plug
Flle Edit View Chemistry Stucture Sequence Chait Scripts Tools Window Help

Macromolecules | Simulation

Pharmacophores | Small Molecules

e 3 E

“new BB HE ® x £ &  [Woispaystye.. v|i @
2

View Interactions.

Define the receptor and igand.
Define Receptor: <undefined>
Define Ligand: <undefined >
Step throuch ligands.

Display receptor-igand interactions. ‘ ‘ ‘ ‘ ‘ 5
N ~ . \

Ligand Interactions Actions Val Data N, Upgrade
Interaction Options. -_ -_

Expand Contract
Show Distances _ show Types My Recent Actions My Recent Files Want mare Discovery Studio?
Display receptor surfaces.
wemte ped Cherse » Open » 417b.pdb Unleash the powser of the full Discovery Studio
Hydrophabic  Lonizabilty SAS My Recent Tool Panels : :Lpr::‘:;rj:;:;:db retsletion with protocels that perform

Expand - Contract ' . M
e » View Interactians > ligan 7.4  Homolagy Modeling
ononge the ity of the receptor =n » Build and Edit Nucleic Acid » ligan 417b.dsy + Create Pharmacaphores

» Build and Edit Protein * ligan 417b.pdb + Search and Build Pharmacophore

Databases

Dacking and Scoring
Fragment Based Design
Scoring and Analysis
Molecular Dynamics
Electrostatics

Free Energy Perturbation
ADMET

Conformatians

Library Analysis and Design

Receptor Ligand
Interacting Atoms  Pocket Atoms

kompleksnya.pdb
komplekaM2.ds

» Superimpose Proteins

Show receptor-igand interactions on & 2D
diagram.

one.pdb
komplek pdb

Show 2D Diagram
Define and EcitBindng Site: 2 » ALmangostin.pdb
» ALmangostin.dsu

» Pratein.pdb

QSAR/SAR
> komplekAiM1 pdb e ot
* komplekAM pdb
» komplek pdb For upgrade information .

Gambar VI11.6 Tampilan software Discovery Studio Visualizer
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74 AuteDockTools

File 3D Graphics Edit Select Display Color Hydiogen Bonds Compute Grid3D Help

AEY™ £4 SN E/ e el 7|

ADT4 2 Ligand Flexible Residues  Grid Docking Run  Analyze

L]
e

| Dashboard | Scenaro |  Tools |
Sel. xllcmp x|
5 tmi] | SLBCRMSLCI
B AA S | SEE83%LE
All Molecules ORCROOVY
Current Selection DOOOOVY

Gambar VI1.11 Tampilan software Autodock Tools
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Gambar VI1.12 Tampilan software MarvinSketch



LAMPIRAN 5

STRUKTUR 3D SENYAWA UJI

Tabel VII. 1

Struktur 2D Senyawa Uji

71

Senyawa Uji

Rumus Molekul | Struktur Senyawa

EGCG

C224H18011
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LAMPIRAN 6

STRUKTUR 3D RESEPTOR

Tabel VII. 2

Struktur 3D Reseptor Nrf2-Keapl

STRUKTUR KOMPLEKS

ID PDB

4L7B




LAMPIRAN 7

STRUKTUR 3D LIGAN PEMBANDING

Tabel VII. 3

Struktur 3D Ligan Pembanding
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NAMA LIGAN STRUKTUR SENYAWA

PEMBANDING

Dimethyl Fumarate

o




LAMPIRAN 8

STRUKTUR 2D SENYAWA UJI

Tabel VII. 4

Struktur 2D Senyawa Uji
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SenyawaUji

Rumus Molekul Struktur Senyawa

EGCG

C24H2206

"
0
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LAMPIRAN 9

STRUKTUR 2D LIGAND PEMBANDING

Tabel VII. 5

Struktur 2D Ligand Pembanding

Ligand Pembanding Struktur Senyawa

Dimethyl Fumarate
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LAMPIRAN 10

GRAFIK SIMULASI DINAMIK KOMPLEKS LIGAN DENGAN

RESEPTOR

Grafik RMSD Kompleks Ligand-Reseptor KEAP1-NRF2 50ns
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Gambar VI11.8 Grafik RMSF
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LAMPIRAN 10
(LANJUTAN)

Grafik RG Kompleks Ligand-Reseptor KEAP1-NRF2 50ns
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Gambar VI11.9 Grafik Radius Of gyration
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