Molecular Docking Tutorial

Tutorial { PDBQT files for docking |
Vina and Autodock

& SAPIENZA

UNIVERSITA DI ROMA

By following this tutorial the user will learn how to prepare the needed files for
molecular docking by means of Autodock Vina and Autodock programs.



Overview

* Download of ADT (AutoDock Tools)
* Installation of ADT
* Key preparation (ligand)

* Lock preparation (protein or macromoiecuie)
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Here is the sequence of minimal operation to set up a docking study.
First the target and its role has to be inspected.

Then a series of actions are to first validate the docking program and apply it



Getting ADT

G adtautodock download X

< C | @ https//www.google.it/search?q=adt+download+for+windows&oq=ADT+downak @ ¥

Goog E:e adt autodock download for windows

4\_
Jo)

vizi, Utzzando tal senvizi, scoeth Mutizzo dei cooiie da

| C—————p ADT/AutoDockTools — AutoDock

sutodock stripps edu » Resourzes v Traduc) quesia paging
18 mag 200 ol

u 88 running on Linux, Msg

05 X. S5GI, or Windows, we recommend you

Downloads — MGLTools
mghools scripps. edu/downloads ~ Traduci questa pagina
ADT an

5 - Downloads. by Sa d Vison? . By downloading

the software from 1hiS 528 you BN 10

autodock scripps. ed!
a have

¥ou need 1o downloa
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ADT stands for AutoDock Tools.

Google with the «adt autodock download for windows» keys and the first link should be
the one you are looking for. Click on that and ...



Getting ADT

¥ ADT/AutoDockTools — X

& C | @ autodock.scripps.edu/resources/adt B

% AutoDock

you are here: home — resources — autodocktools

@ The ADT / AutoDockTools S | news
MR by morris = last modified 2007-05-1 5 B Aut
e AutoDockTools, or ADT, is the free GUI

f for AutoDock developed by the same
InsTiTUTE laboratory that develops AutoDock. You B3 Aute 4,2.5.1
can use it to set up, run and analyze 2013-01-03
navigation AutoDock dockings and isocontour

AutoGrid affinity maps, as well as

compute molecular surfaces, display

secondary structure ribbons, compute
hydrogen-bonds, and do many more
useful things.

2014-08-04

to set up, launch and analyze AutoDockruns.

With ANVT weus ran:
2 =

J
=

EBAutoDock L AutoDockTools, or ADT, s the ultimate GUI
]
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... the AutoDock home page will be reached.

Scroll down the page ...



Getting ADT

¥ ADT/ AutoDockTools —

< C | @ autodockscripps.edu/resources/adt Bg | @
L SUULUTE 1% =
Eanr s = Read in the results of an AutoDock fob and
graphically display them.

g '_ = View isocontoured AutoGrid affinity maps.
0 FAQs & Helr = And much, much more...
) How to Download AutoDockTools: '
o e 1. After you have clicked on this

E=——————3 AutoDockTools link, you will be taken

to our lab’s "MGLTools Web Portal”
downloads page.

. Download the latest version of MGLTools: l
If you are running on Linux, Mac 0S X,
SGI, or Windows, we recommend you
download the Binary distribution.

L

[¥]

w

. Follow the instruction provide on the
website to install AutoDockTools.

For questions about AutoDock, join and send
emails to the mailing list, ADL / AutoDock

Related content
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... and look for the AutodockTools link as indicated by the arrow.

Click on the link and ...



Getting ADT

ADT / AutoDockTools — XY @ Downloads — MGLTools X

C | @ mgltools.scripps.edu/download B i

‘m—‘

&

Screenshots | Documentation | Packages ' egMv | Suppont | Fongl

Tue )
( Downloads i
Scuirrs
by Sargis Dallakyan — last modified 2015-07-16 13:41
f Reseanen Contributors: Anna Omalchanke, Michal Sanner, Scwjanya Kamat
o TTLIE T License Agreements.
MGLTools 1.5.6 Release Notes l
Navigation

i
@ Home :g = mgltools_win32_1.5.6_Setup.exs | ® maltools win32_1.5.6.1ip

&} Downloads
= mgltools_Linux-

[@ updates x86_1.5.6_Install
(3 Latest Buiid GLT instaler (GLIBC_2.3 ® mgltools_iBELinux2_1.5.6.tar.gz
st Builds E T = -t
B Screenshots é = mgltools_Linux- ® mgltools_x86_64Linux2_1.5.6.tar.gz

1.5 I arball installer (GLIBC_2.4
) Documentation fﬁ_é_ﬁf_ .6 _Instal

I Packages
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... the MGL Tools web page will open.

Download the program (pay attention if you need 32 or 64 bit version for you r operating
system [Windows, Linux or MacOS])

In the example the windows version will be clicked ...



Tue
Scmirrs
J)J Restamen
= Issriture
Navigation
I @ Home
&} Downloads
[@ updates
(2 Latest Builds

El Screenshots

Getting ADT

00I5S

Screenshots Documentation Packages

Downloads
b Sargis Qzllg_k-;gn =

License Agreements.

MGLTools 1.5.6 Rel Not

[
f"!! = mgltools_win32_1.5.6_Setup.exe

mgltools_Linux-
x86_1.5.6_Install

;& = mgltools_Linux-

n ] mgltools win32_1...exe .
457705 ME 2 min rimanent

= mgltools_win32_1.5.6.zip

= mgltools_iBELinux2_1.5.6.tar.g2

= mgltools_x86_€4Linux2_1.5.6.tar.gz

Mostra tutto

j ADT / AutoDockTools — X ’ @ Downloads — MGLTools X ﬂ

2 C | ® mgitools.scripps.edu/d

b 4
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And the browser will start downloading it.
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Getting ADT

9 ADT/ AutoDockTools— X 7 @ Downloads — MGLTools %

2 C | ® mgitools.scripps.edu/d

00I5S

Screenshots Documentation

Tue )
Downloads =
Scmirrs
by Sargis Dallakvan — nodified 2015-07-16 13:41
“/0 Reseamen Contributors: Anna Om nko, Michal Sanner, Sowjs mat
g Snasivicy License Agreements. h
MGLT: .5.6 Rel Not:
Navigation
[
| @ Home .f"!’. = mgltools_win32_1.5.6_Setup.exe | ® mgltools_win32_1.5.6.zip
&} Downloads
o= = mgltools_Linux-
(3 updates x86_1.5.6_Install
O3 Latest Builds c stala (0L £ 2.3 . tﬂglk.uolsl_-iS-Ele._:J_i.5.6.-tlar-.?:l .
& Screenshots L | = mgltools_Linux- ® mgltools_x86_64Linux2_1.5.6.tar.gz -

A Mostra tutto X

) moltools win32_L...exe
268/705 N3, 1 min Aimanene
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It will take some time (if you have a slow computer or net)



!

Getting ADT

2 C | ® mgitools.scripps.edu/d

00I5S

Screenshots Documentation

Tue

Downloads
b Sargis Qzllg_k-;gn =

Scmirrs

>

Reseamen - .
License Agreements.

Issriture

MGLTools 1.5.6 Rel Not:
Navigation
[
@ Home .I‘"f! = mgltools_win32_1.5.6_Setup.exe

&} Downloads

mgltools_Linux-
x86_1.5.6_Install

;& = mgltools_Linux-

@ mgltools win32_1...exe
£77/705 MiE. & sac fim

[@ updates

(D Latest Builds

El Screenshots

= mgltools_win32_1.5.6.zip

= mgltools_iBELinux2_1.5.6.tar.g2

= mgltools_x86_€4Linux2_1.5.6.tar.gz

Mostra tutto

j ADT / AutoDockTools — ’ @ Downloads — MGLTools X ﬂ

b 4

It will take some time (if you have a slow computer or net)
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MGLTool
Navigation
i/
I @ Home f';u -

&} Downloads

[@ updates

|=|I$ B mgltools win32_l..exe ~

(2 Latest Builds s
El Screenshots d g

Getting ADT

.5.6 Rel Not:
mgltcols_win32_1.5.6_Setup.exe | ® mgltools_win32_1.5.6.zip

mgltools_Linusx-
x86_1.5.6_Install
1 ins BC_2.3 = mgltools_iBELinux2_1.5.6.tar.g2

mgltools_Linux- = mgltools_x86_€4Linux2_1.5.6.tar.gz

Mostra tutto

j ADT / AutoDockTools — ’ @ Downloads — MGLTools X ﬂ

2 C | ® mgitools.scripps.edu/d

00I5S

Screenshots Documentation

T
e Downloads
Scmirrs by Sargis Dallakvan —

J)J Reseanen malchank
2 Snasivicy License Agreements.

b 4
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It will take some time (if you have a

slow computer or net)
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Installing ADT

- -
@'\J.'I 8 » Esercitazioni Ragno » Download » -

Organizza v Includi nella raccolta » Condividi con » Masterizza Nuova cartella

r Prefesiti Nome . Ukima modifics Tipo
B Desktop |, Chimera 18/12.
' & Download @1 20161212 MolecularDocking_Chimera-Vina  21/12

$ Risorseptm—, (8 mg| _win32_1.56_Setup 21/12/2016 11:0
¥

| -4 Raccolte
*| Documenti

| b=/ Immagini
o' Musica

| H video

™ Computer
| ‘f. Disco lecale (C:)

€ Rete

l 3 elementi
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Go to the folder containing the downloaded file and click twice on it and install the
program and answer «yes» all the questions the installation program asks



Installing ADT

After the installation is finished a some new icons will appear on your desktop. That
indicated by the arrow it is the one you need.

12



Save a Mol2 file

= UCSF Chimera [

File Select Actions Presets Tools Favorites Help

Command: [delete selection
HAtvemodels: WMo M1 M2 F3FasarFsfsCF7Celfor Al

[«
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Before you start using the ADT program, you need to save a mol2 file format of the
ligand.

With chimera add all the hydrogens to it and ...



Save a Mol2 file

= UCSF Chimera

= o ——— |
Dpen... Control-o 1
Fetch by ID...

Restore Session...

Save Session As... Controks

Save Jmage...
Save PDB...

M Save Mol2...
Export Scene...
Publsh...

Dose Session
Quit Controkg

(umnd:ideleté selection

Activemodels: Mo T 1 T2 [T

3 |
q
A

1
~
-

1
=

... save the mol in Mol2 (File = Save Mol2 ...)
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Save a Mol2 file

= Save SADA_key.pdb as Mol2 File
=

Open... er: [C:\Users\Esercitazioni Ragno\Documents\EserctazioniDocking hd

Fetch by Dlccercrazontocngl | E
] I odeli di Office personalzzatiy

Restore § TEST\

Save Ses)

Save S

Save J ||

Save PD

Save Mold

Export Sl B

Publish...J| 1 |»

Cloca codluFie nage: -l

W Add .mol2 suffic f none given

File type: _Mol2 [.mo] —i | New folder...
W Use untransformed coordinates
¥ Use Sybykstyle hydrogen naming (e.g. HE12 rather than 2HE1)
™ Include residue sequence numbers in substructure names

™ wrte Amber/GAFF atom types instead of Sybyl atom types

ey meling Ambe GUI frses te Mal 4 ovded oy C comastiily win Dhe Ambe sule f mayews Chenes cevel resd te senileg e
sty

[T Keep dualog up after Save
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Select the folder, give a name and save it.



Save a Mol2 file

e Y —
» Raccolte » Documenti » EsercitazioniDocking
I Organizza v Condividi con = Masterizza Nuova cartella o, - | 9
ir Prefeniti Raccolta Documenti Sl
B Desktop EsercitarioniDocking
& Download Nome ol
r 4| Risorse recenti
| SADA _key 21/12/2016 11:42 File MOL2
l ~a Raccolte
*| Documenti
I b=/ Immagini
o Musica
| B video
™ Computer
| ‘f. Disco lecale (C:)
i
€ Rete
: . : ,
i I 1 elemento
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Check the mol2 file was created



Executing ADT

Té AutoDockTools

r
! File 3D Graphics Edit Select Display Color Compute Hydrogen Bonds
I

DashBoard | AniMol | Tools |
Sel |

XV .
W All Molecules E 3 b A

Molecular Docking

Now click twice on the ADT icon and start the program.
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Executing ADT

" — ‘ i =t
7é AutoDockTools =io) _Eg_

| File 3D Graphics Edit Select Display Color Compute Hydrogen Bonds Gnd3D Help
I T = 1 T T = I
o Paune o o |='-:n; n@"‘
Iaﬁdt-éﬁ N E] O e
l—‘;li."T.') Ligand _ Flexible Residues  Grid  Dockin Run

| 7 L [ o5 =,
- Input :
Torsion Tree | § v iCF;ID ¥|
r Aromatic Carbons | C RMSL CI
| oL
| Output I e
¥ All == LS5 YA
2% %% VY
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Molecular Docking

Using the ADT4.2 menu (see the arrow), click on Ligand and select Input.



Then open

Executing ADT

: : L
74 AutoDockTools ﬁ

|Frla 3D Graphics Edit Select Display Color Compute Hydrogen Bonds Gnd3D Help

REv AN EmoEen]

120742 Ligand  Flexible Residues  Grid  Docki Run

L.l =8 &
oasheo (T

3 P Open as Rigid

Current Selection L \wmﬂp

Molecular Docking
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Executing ADT

7& AutoDockTools

File 3D Graphics Edit Select Display Color Compute Hydrogen Bonds Gnd3D Help

o e ] 1
{38 [ %% Ugand Fie for AutoDocks ‘—-! N [==52=) |

ADT4 2 % .. « Documenti » EsercitazioniDocking v |45 Il Cerco EsercitazioniDecking o

*. Organizza « Nuova cartella = = O a
DashBol

¢ Preferiti . Raccolta Documenti

Sel. l_ 3 Disponi per.  Cartella
=¥ | M Desktop Es oniDecking
- @& Download Nome Uttima modifica Tipo
halall || o_ Risorse recenti
Cudid il | | SADA_key 2171272016 11:42 File MOL
1 —_ 2
4 Raccolte
< Documenti
= Immagini
J‘ Musica
E Video
B Camniter i - i} 4
MNome file: - IMOI.Z files: (".mol2)
,—\l— vl [ I
N[ apn [¥] [ annuns
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A windows will pop up. Set the file format to «Mol2 files», Select the file you’ve created
by means of Chimera and open it



Executing ADT

- - -
Té AutoDockTools — - =

(o}
-

File 3D Graphics Edit Select Display Color Compute Hydrogen Bonds Gnd3D Help

l.-'..’\T.'. 2 Ligand Flexible Residues

AEC LCE G E"e =ik
Gnd

| :
| DashBoard | AniMol | Tools |

Dockil Run
Ly

b

o i |
3 ’Fﬂ 2 74 summary for SADA _key

W All Molecul
Currant S4 setup SADA Lew
b Vsan| I\ “ddcd gosteiger chaigs
merged 19 non-polar hydrogens
found 12 aromatic carbons
detected 6 rotatable bonds
set TORSDOF to 6

Molecular Docking
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The program will infor you about some action it applied to the loaded molecule
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Executing ADT

' AutoDockTools

File 3D Graphics Edit Select Display Color Computa Hydrogen Bonds Gnd3D Help

ZEmS s ik

Run

DashBoard .t‘-\.nll'«‘kali Tools |

Sel | v|[cvD v
=y P17z SLBCRMSL O
¥ All Molecules PN HW VYV

Current Selection Lh%hbWbhvv
I b WiADA key |OBOOCOVY
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And will show the molecule in the right window (aromatic carbon atoms are colored in
green)



Executing ADT
) ———

Hydrogen Bonds Gnd3D Help

=

File 3D Graphics Edit Select Display Color Compute

b2

Run

i .
sy
%

t
j
'

Docki

Torsion Tree
Aromatic Carbons
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Molecular Docking

Now let’s save the PDBQT file format of the molecule. Click on Ligand = Output = Save
as PDBAQT ...
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Executing ADT

File 3D Graphics Edit Select Display Color Computa Hydrogen Bonds Gnd3D Help

‘l i 74 Fofmatted Aumrs Molecule F.le:h . ,“ g ! .

guol “« Documenlu » EsercitazioniDocking - | by {]| il
Organizza « Nuova cartella = - 0
- 3 |
Dashl| ¢ Prefeiti Raccolta Documenti ittt
Sel. B Desktop EsercitazioniDocking <=
=3 # Download gl Nome Ultima modifica Tipo

- . Risorse recenti

l ~4 Raccolte

# Documenti

=/ Immagini

o' Musica

M video el

3
——— T -

Salva comey | PDBQT files: (*.pdbagt) -
« Ak cond cartelle > s | [ Aoouma |
i

Molecular Docking Pagina 24

m b

A windows will pop up. Set the file format to «PDBQT files».

Set the folder, the name of the file and save it.
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[ T e .
— = T ————— e
%QJ » Raccolte » Documenti » Emm Cerca EsercitazioniDocking
. = - - — e - -
Organizza » Condividi con Masterizza Nuova cartella =
T Prefeciti Raccolta Documenti Do oer Cabliae
B Desktop EsercitazioniDocking n L
& Download MNome Dim)
. . Risorse recenti
=] SADA_key
M Zd Raccolte d SADA ey
I = Documenti
k=! Immagini
o' Musica
B video
& Computer
8L Disco locale (C:)
€M Rete
] m b
i 2 elementi
B
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Check the PDBQT file was created



| SADA _key - Blocco note — -
File Modifica Formato Visualizza 7
B<TRIPOS>MOLECULE
S5ADA_key. pdb
46 48100
SMALL
NO_CHARGES
B<TRIPOS>ATOM
1c26 47.9130  -1.8860 6.2000 C.3 1 2sM 0. 0000
| 2 N24 46. 8660 -2.2360 5.1690 N.4 1 2sN 0. 0000
3 €25 47.2170 -3.5730 4,5890 c.3 1 25N 0. 0000
4 c23 45.4750 -2.1880 5.7570 C.3 1 25N 0. 0000
| 5 €16 45.0940 -4.4710 6.8120 C.ar 1 25N 0. 0000
6 €15 45,2440 -3.0780 6.9410 C.ar 1 25N 0. 0000
7 €14 45.1810 -2.4360 8.1970 C.ar 1 25N 0.0000
8 13 44,9880 -3.2340 9.3460 C.ar 1 25N 0. 0000
9 c12 44,7790 -4.6280 9.1830 C.ar 1 25N 0. 0000
iU €11 44,0400 =3, £300 f.9310 C.ar 41 &5N U. yuuu
11 w22 44,6830 -6.5520 7.7710 N.p13 1 2sN 0. 0000
12 C21 44,2410 -7. 2300 6.5820 C.3 1 25N 0. 0000
13 €10 40.5870 -8.0350 7.4350 C.ar 1 2sN 0. 0000
14 C09 41.9820 -7.8370 7.5710 C.ar 1 25N 0. 0000
15 CO8 42.7300 -7.3230 6.5110 C.ar 1 25N 0. 0000
16 <07 42,0380 -6.9320 5.3830 C.ar 1 2sN 0. 0000
17 €06 40.6610 -7.1080 5.2320 C.ar 1 25N 0. 0000
18 €05 39.9040 -7.6360 6.2720 C.ar 1 2sN 0. 0000
19 04 38.5070 -7.7280 6.1800 C.ar 1 2sN 0. 0000
20 co3 37. 8140 -B8.3250 7.2320 C.ar 1 25N 0. 0000
21 c02 38.5400 -8.B180 8.3100 C.ar 1 25N 0. 0000
22 NO2 38.0140 -9.4660 9.3670 N.pl3 1 2sN 0. 0000
23 NO1 39.8710 -8.6660 8.3910 N.ar 1 2sN 0. 0000
24 H24 46. 8860 -1. 5400 4.3960 H 1 25N 0. 0000
25 H232 45,2230 -1.1130 5.9610 H 1 25N 0. 0000
26 H233 44,8110 -2.5390 4,9770 H 1 25N 0. 0000
4
Molecular Docking

Check the two files by reading them with the Notes Windows program.
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7] 5ADA _key - Blocco note - [ Ef S
File Modifica Formate Visualizza 7
REMARK 6 active torsions: -
REMARK status: ('A" for Active; "I’ for Inactive)
REMARK 1 a between atoms: €23_4 and N24_2
REMARK 2 A between atoms: C15.6 and €23 4
REMARK 3 a between atoms: C11_10 and N22_11
REMARK 4 A between atoms: C21_12 and N22_11
REMARK 5 A between atoms: COB_15 and €21_12
REMARK 6 A between atoms: €02_21 and NO2_22
ROOT
IATDH 1 26 25N A 47.913 -1.886 6.200 0.00 0.00 0.269 C
ATOM 2 N24 25N A 46.866 -2.236 5.169 0.00 0.00 -0.075 N
ATOM 3 €25 25N A 47.217 -3.573 4.589 0.00 0.00 0.269 C =
| ATOM 4 H24 25N A 46.886 -1.540 4.39 0.00 0.00 0.279 HD I
ENDROOT
BRANCH 2 5
ATOM 5 €23 25N A 45.475 -2.188 5.757 0.00 0.00 0.272 C
BRANCH 5 6
ATOM O ClY 5N A 4. L84 =-3. 058 0,951 u.uu v. o0 =U. 030 A
ATOM 7 €14 25N A 45.181 -2.436 8.197 0.00 0.00 0.009 A
ATOM 8 C13 25N A 44,988 -3.234 9.346 0.00 0.00 0.003 A
ATOM 9 C12 25N A 44,779 -4.628 9.183 0.00 0.00 0.029 A
ATOM 10 C11 25N A 44,846 -5.236 7.931 0.00 0.00 0.028 A
ATOM 11 €16 25N A 45.094 -4.47 6.812 0.00 0.00 0.038 A
BRANCH 10 12
ATOM 12 N22 25N A 44,683 -6.552 7.771 0.00 0.00 -0.386 N
ATOM 13 H22 25N A 44.682 -7.051 8.588 0.00 0.00 0.160 HD
BRANCH 12 14
ATOM 14 €21 25N A 44.241 -7.230 6.582 0.00 0.00 0.158 C
BRANCH 14 15
ATOM 15 COB 25N A 42.730 -7.323 6.511 0.00 0.00 -0.038 A
ATOM 16 €07 25N A 42,038 -6.932 5,383 0.00 0.00 0.010 A
ATOM 17 €06 25N A 40.661 -7.108 5.232 0.00 0.00 0.014 A
ATOM 18 cO5 25N A 30.904 -7.636 6.272 0.00 0.00 -0.007 A
||lA‘I'0M 10 c04 25N A 38.507 -7.728 6.180 0.00 0.00 0.017 ¢ -
4 b
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ADT stands for AutoDock Tools.



Molecular Docking

ADT stands for AutoDock Tools.

Executing ADT

* The molecule has been converted into pdbgt format

* Apply the procedure to all small molecules that
have to be docked by means of Autodock Vina
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