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Easy Modeller

Purpose

e  Comparative modelling of unknown protein structure

Enzyme Source of the structure used in our project
Polyurethanase esterase A A homology or comparative modeling of protein program was adopted to
(PueA) generate the 3D structures of proteins by inputting their amino acid
sequence, and corrected and optimized by YASARA and PROCHECK

Procedures :

1. Identify homolog that can be used as template(s) for modelling via Protein BLAST based on
target-template identity

2. Choose the first four results with the highest similarity index as the template from the protein bank
3. Input the amino acid sequence information for our target as the input parameter
4. Provide template information for the software using ‘Load template’ feature

5.  The ‘Perform Alignment’ feature will align the query sequence (target) with the template(s)

Alignment of the Query with Templates
Align Query with Templates
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Fig. 1 : Alignment between the sequences of PueA and template



3.

4,

5.

Input the templates into EasyModeller Program to generate possible structures of the
enzyme molecule.

74 EasyModeller 4.0 - O *

Load Inputs | Align Templates | Align Query | Build Model

Settings
Modeller Tutorial http://=salilab.org/modeller/tuterial/
Working Directory C:/Users/S0 FAM/Desktop/BicinforMatikz-master/BicinforMatikz-master/Sat Aug 15 2020101632

Load Query Sequence

Browse

MNSRSLTHAIRFPTILALAGFSVLGACGGSDNDSSSNNGGAPAVAITVAGOVQAVDRLGMRRYFGIPFAAPPVGNLRWMPPAPPOSWAAPLAKTOSNARPC
MOQTGATDPLRLPNGTEDCLYLDVHAPATGEGPFPVMYWIHGGAFSIGGTITYADPSPLVSKGVIVVNIAYRMGAMGFLGHPSLRAADGTVGNYGIMDQOA
ALRWVODNIAAFGGDKSNVTIFGESAGGFSVMTHLASPLSKGLFAKAIVOSGGYGFDRQLTQAQLEAQSTSIVNSALAAAGYSCPTVDAACLRGLSAELY
NNQLATAFTTANWSPWYPSVDGKVLPKSIKATFVAGENNKWPLYNGSNQDEWSYFVYASRELVAGPLTAAQYPSYLQTSLGLPPSLATWVYALTDYGTNTAQQPS
LAATAAGTDMHFSCPALNLSKRVLSQATPIFMYEFRDRTAIPSIGRNTISFNGGAGHTYELQYLFNLRDLETAEHRDLQASMARY WTNFARTSNPNNGDPVAT
SWPAFTGPTKVLGLDWVASAGGIRELATFETDHKCNTAWTSLTF

Load Template Structures

Add Template | Compare selected
Serial Number ” PDE Name || Chains Present || Heteroatoms Present
V1 1cTipdb A — CA —
W 2 1cTi.pdb A — K —
W 3 1ge3.pdb A — S04 —
¥ 4 5hq3 pdb A — VX —
5
b
7
8
5

Choose the structure with the lowest discrete optimized protein energy (DOPE) as the best comparative
model

== summary of svccezzfully produced modelz:
Filename molpdf DOPE =zcore (4341 zcore
query. BI9990001. pdb 9438.27530 5470865625 1
query.BI9990002 . pdb 9325.74805 54823 .97266 1.
query. BI999000% . pdb 9504.75391  -54348.01562 1.00000
query.BI9990004 . pdb 9514.24805  -54048.32031 1
query.BI9990005. pdb 9395, 14844 -54562.69141 1

—_— — — —

The pdb files of protein 3D-structures are ready for docking simulations



AutoDock Tools

Purpose

e  To perform molecular docking and evaluate the accuracy in terms of actual number binding amino

residues

Computational Configuration Requirement
e  Windows 8/ 10

Protein Preparation

1. Drag the protein molecule and drop it in the tool

74 AutoDockTools = ] X
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2.
Kollman Charges.

74 Python Molecule Viewer

File Edit Select Color

FAEA T ke l
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Delete all the water molecules that may interfere with the docking, and add polar hydrogens and

I i = - File 3D Graphics Edit Select Display Color Hydrogen Bonds Compute Grid3D Help
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Ligand Preparation

3. Input the ligand primarily obtained from ChemDraw3D into the AutoDock Tools



Grid Setup

4. Determine the position where docking happens based on the docking site of the target, and then prepare
a grid centered at the binding site

| ¢
IL

Hydrogen Bonds Compute Grid3D Help

= N | | @&
mst’:a_‘: ie(} A

W v

File Center View Help

Current Total Grid Pts per map: 64000 §| -
| |number of points in x-dimension:

un  Analyze
|||II40||||I

| |number of points in y-dimension:
fI[11140 [

number of points in z-dimension:

T 40T
Spacing (angstrom): M1 0-375TTTH |

Center Grid Box: <offset>

x center: 0.0
y center: (0.0 T
z center: 0.0 j|||lllm.“]|||

Molecular Docking

5. Prepare a config file with grid parameters

receptor = pueA.pdbqt
ligand = pur_tetramer.pdbqt

center X =4.953

center y =0.175
center z = 23.559

size x =40
size y =40
size z=40

energy range = 4
exhaustiveness = 8

Fig. 2 : A config file to indicate the position of grid box where docking takes place
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6. Input the following command to Autodock Vina to perform molecular simulation.

C:\Users\SAMSUNG\Desktop\Docking>"C:\Program Files (x86)\The Scripps Research Institute\Vina\vina.exe" --
receptor PueA.pdbqt --ligand pur_tetramer.pdbqt --config config.txt --log log.txt --out output.pdbqt

#
#
#
#
#
#
#
#
#
#
#

1

Fig. 3 : The progress bar indicates the program starts docking



Swissdock

Purpose

e  To perform molecular docking and evaluate the accuracy in terms of actual number binding amino

residues
Procedures

1. Access the Swissdock server with the link : http://www.swissdock.ch/docking

2. Upload the files of protein and ligand

ﬂ Swiss

Swiss Institute of
Bioinformatics

Home T Target Database Submit Docking [

Target selection

Search for targets:

| | Search |

ie. PDE code, protein name, sequence, or URL

(T upload file (max 5ME)

Ligand selection

Search for ligands:

| | Search |

ie. ZINC AC, ligand name or category (like scaffolds or sidechains), or URL

o upload file (max 5MB)



http://www.swissdock.ch/docking

3. Input the job name and email address to receive notification upon the docking job is finished

Target selection

Search for targets:

| | Search | Y
]
ie. PDE code, profein name, sequence, or URL P
or upload file {max 5MEBE) d
N

Ligand selection
Search for ligands: Y

| | Search |

ie. ZINC AC, ligand name or category (like scaffolds or sidechains), or URL

or upload file (max 5MEBE)

Description

Job name (required):

E-mail address (optional):

Show exira parameters

Start Docking




PatchDock

Purpose

e  To perform molecular docking and evaluate the accuracy in terms of actual number binding amino

residues

Procedures

1. Access the PatchDock server with the link : https://bioinfo3d.cs.tau.ac.il/PatchDock/php.php

2. Upload the files of protein (as receptor molecule) and ligand

PATCHDOCK -~

Molecular Docking Algorithm Based on Shape Complementarity Principles

[About PatchDock] [Web Server] [Download] [Help] [FAQ] [References]

Dear users! The server is overloaded, please wait patiently and do NOT submit repeated runs!
Type PDB codes of receptor and ligand molecules or upload files in PDB format

Receptor Molecule: :l '(‘ili‘gs:chainld e:g::2kal:AB) or:upload | Choose File | No file chosen l

Ligand Molecule: [:] (PDB:chainld e.g. 2kai:I) or upload file | Choose File ] No file chosen 1

e-mail address: [ | (the results are sent to this address)

Clustering RMSD: [4.0 |
}ngaitljg v Be sure to give receptor and ligand in the corresponding order!

Complex Type:
Submit Form

Advanced Options:

[Show][Hide]

3. Input the email address to know the progress of docking simulations

4. Submit the docking action
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https://bioinfo3d.cs.tau.ac.il/PatchDock/php.php

DockThor

Purpose

e  To carry out molecular docking and evaluate the accuracy in terms of actual number binding amino

residues

Procedures

1. Access the DockThor server with the link : https://dockthor.lncc.br/v2/

2. Upload the files of protein and ligand but ignore the cofactors

n.recep'ror-llqnnd doEmnq program

Home | Docking References  About  Support v *J Login

Protein Cofactors Ligand Docking Results

(1 Upload your protein file

© Select Test File

m COVID-19 resources

Target ~ - - n

11


https://dockthor.lncc.br/v2/

3. Perform blind docking without setting up any defined position of grid box

Home Docking References  About  Support v +JlLogin

Protein Cofactors Ligand Docking Results
@ Check your docking input files v
Protein (1) +
Ligand {1} +
Cofactor (0 +

@ Define the binding site o

Aftention: the current version of DockThor (released on April 17, 2020) requires the total size of the grid box instead of the half value on eoch dimension.
For example, now the input grid size for the docking with the test files ore X = 20, Y = 20 and Z = 20 instead of 10 A on each axis.

Blind Docking

Grid center: Grid size: Discretization:
L —]
X — 2 ] X 20 025
Y ooy 0 Y oo 20 Total Grid Points:
531441
Z [ 0 z [ —— 20

4. Input the email address to keep an eye on the progress of the job and then onclick ‘Dock’

@ ldentify your docking job

Job narme:

E-mmaik

Subscribe DockThor e-Mewsletters

Arcept terms of use

12



EDock

Purpose

e  To carry out molecular docking and evaluate the accuracy in terms of actual number binding amino

residues

Procedures

1. Access the EDock server with the link: https://zhanglab.ccmb.med.umich.edu/EDock/

2. Upload the files of protein and ligand

EDock Online

Input your receptor PDB structura from your computer:
{gither structure in PDB format is acceptable or Example input )

Choose File | Mo file chosen

Input your ligand MOL2 structure from your computer:
(either structure in MOLZ2 format is acceptable or Example input )

Choose File Blu file chosen

3. Input the email address to know the progress of the job
Email: (mandatory, where results will be sent to.)

4. Select ‘The input receptor structure is native 3D structure’

P Advanced options
o Reaceptor structure type:
® The input receptor structure is native 3D structure
() The input recetor structre is predicted 3D structure

5. Click ‘Submit’

| Submit | Clear Form |
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https://zhanglab.ccmb.med.umich.edu/EDock/

LIGPLOT**

Purpose
e  To generate schematic diagrams of protein-ligand interaction in pdb file format

e The binding site of the enzyme and substrate can then be further determined
Computational Configuration Requirement

e Java

e  Windows 8/ 10

Procedures

1. Import the protein-ligand complex in LIGPLOT in pdb format

2. Select ‘UNK’ mode to run the program

3. Obtain the schematic diagram of the complex showing hydrogen-bonding and hydrophobic interaction

between protein molecule and ligand

Ala248(A)

(il‘nl-ﬂ[,\]

Ser245(A) -

S 3 ,
Arg280(A)

UnkigN) ' . )
Scr‘,?g) g
GIYB6(8) g 160 1‘;;;'1;%) 3 »

% ‘U) ‘ Wiy -“ ] o 1{(/
r ’ * Ala89(A)
. iy, e
Mcllﬁﬁ/:A]

Trpl85(A)

Tyr87(Af¥

22
1H208(A)

petase_pet_pyrx

Fig. 4 : Schematic diagram of PETase-PET interaction. It shows
hydrophobic interaction (red) and hydrogen bonding formation (green)

at specific location

**Reference : Sanket Bapat’s Youtube channel
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PyMOL Visualization Tool**

Purpose
e  To perform mutagenesis

e  To show the crystal structures of enzyme
Procedures
1. Input the protein of interest into PyMOL

2. Use the ‘sequence display’ feature to view its amino acid sequence

& pymoL
File Edit Build Movie QMISsEWE Setting Scene Mouse Wizard Plugin Help

GL_VERSION: 4.6.1358 text 20.3.1 26.20.150829.15087
License Expiry date: 0JRdEIGeUale
Detected 8 CPU cores. Sequence Mode lering.

CmdLoad: " / Internal GUI " loaded as "Papain_lppp”.
Setting: seq_ Internal Prompt
Internal Feedback

Overlay

Stereo

Stereo Mode
For Educational Use Only

Zoom

Clip

Background

Color Space

Quality

Grid

Orthoscopic View
Show Valences
Smooth Lines
Depth Cue (Fogging)
Two Sided Lighting
Specular Reflections

A S N N N

Animation
Roving Detail

External GUI
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3. Locate an amino acid residue on the conserved region

K& pymoL

File Edit Build Movie Display Setting Scene Mouse RUUFENsE Plugin  Help
GL VERSION: 4.6.13587 Compatibility Profile Context
License Expiry date: 81-feb-2821 Appearance
Detected 8 CPU cores. Enabled multithreaded rendering Measurement

Mutagenesis *

CmdLoad: "C:/Usersjuser/Desktop/Papain_ lppp.pdbgt"” loa —
Setting: seq_view set to on. Pair Fitting

Protein

Nucleic Acids
Density

Filter
Sculpting

Label
Charge

or Educational Usze Only

Demo

4.  Alter one amino acid residue to non-polar nature (e.g. Tryptophan) in order to enhance affinity

16



5. Onclick ‘done’

ta Move MowvZ
-Box Clip
PkAt Pki
Orig Clip

[ [< [ 5 [> [ BV [F

6. Export the molecule

8 pymoL
SIIM Edit Build Movie Display Setting Scene Mouse Wizard Plugin Help

New PyMOL Window » SIEEEGERELETarS

) 8.812 (3 to 3 atoms)
Open.. aded.

Open Recent...
Get PDB..

Save Session As..
16 21 26 21 1) 41 46 b1 55 b1 =1 71 TG 21 BE
Export Molecule... WTPYKNOGSCESCWAFSAWVYTIEGI IKIRTGHLHOY SEQELLDCORRSY GEMGEYPLSALOLYALDY GIHYRHTYPYE]
]

Export Map...

Export Alignment... Ln_lpppsYACGLY 23 or pick a new residue,..
Export Image As

Export Movie As

Log File
Run pt..
Working Directory

Edit pymolrc N

Reinitialize
Quit




7. Save the mutant enzyme in pdb format

2 pymoL

File Edit Build Movie Display i ene  Mouse izard Plugin Help
Selected!

Mutagenesis: no rotamers found in library.

ExecutiveRMSPairs: RMSD = 8.912 (3 to 3 atoms)

Mutagenesis: 6 rotamers loaded.

Rotamer 5/6, strai 7.94

o
Rotamer 5/6, strai

Selection | enabled

State -1 {current) ~
Generic Options PDE Cptions Multi-File

[ Original atom order (according to "rank'™

**Reference : Bioinformatics Review’s Youtube channel
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