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MOLA is an easy-to-use software for Virtual Screening (VS) in a non-dedicated computer cluster using
AutoDock4/Vina. Several tasks needed for AutoDock4/Vina are automated with MOLA including: ligand
preparation, AutoDock4/Vina jobs distribution, result analysis and ligand ranking. A Graphical User
Interface (GUI) is used for easy selection of parameters and easy handling of input/output files generated
in a VS project. MOLA is integrated in a Live-CD GNU/Linux Live Distribution designed to boot from
the CD on any available computer without ever using the computer hard-disk drive. When a VS project is
finished the computers can be restored to the original operating system by simply removing the CD and
restarting.

PART 1 of this tutorial addresses the computer cluster assembly while PART 2 and 3 explains the use of
MOLA with AutoDock4 and Vina, respectively.

To use MOLA you need to download MOLA.iso file and burn it to a CD then just restart you master
computer from the CD following the instructions on this tutorial. An alternative way is using VirtualBox
as a virtual machine. In this case you boot directly from the MOLA.iso file without the need to burn a CD
(see APPENDIX 2 of this tutorial).

You can use MOLA on multiple-core workstations or you can network multiple computers together to
assemble a cluster. The computer nodes boot by PXE, using the master node as the server. All of the
nodes of the cluster get their filesystems from the same CD image, so it is guaranteed that all nodes run
the same software. More recent computers (about less than 5 years old) usually have the option for PXE

booting so this step is automatic. However for older computers with no PXE option you can use gPXE.

This tutorial consists of 3 PARTS and 2 APPENDIXS:

PART 1. Cluster assembly. Needed for both AutoDock4 and Vina ........cccecevevenenenenieneneeennes 3
PART 2. Virtual Screening with MOLA using AutoDOocK4.........cc.cocevevenenennnneninenenenesennens 9
PART 3. Virtual Screening with MOLA USiNg ViNa.......ccceceeireririnenenenienienienieneeieseeseeseeeenens 17

APPENDIX 1 Preparation steps using AutoDockTools (ADT) before Virtual Screening.......... 22

APPENDIX 2. Using VirtualBox instead of booting from the the CD..........ccccecevirinvenienencnnes 33



Material need:

-1 multi-core computer or 2+ computers connected with ethernet cables. When using 2 computers you
can connect them directly with a cross-wire ethernet cable (normal ethernet cables won't
work). For 3 or more computers you need all computers linked to using normal ethernet cables

using a switch.

2 computers cluster 8 computers cluster

-1 Good sized USB-flash drive (2 GB or more) or a USB-hard disk drive for storage (using VirtualBox as
alternative you can make a direct link to your hard-disk drive and use it for storage). The images
show computers clusters example with the master node using VirtualBox on a Ubuntu Linux

Host.

- MOLA CD (download iso file from www.esa.ipb.pt/~ruiabreu/mola).

Files need for this tutorial (and present on the \home\user\tutorial-files folder):
- 1RBP.pdbqt example protein file.
- 1RBP protein atom grid maps for AutoDock4.

- NCI diversity set2 compound dataset in pdbqt format.

This tutorial assumes that you are using the tutorial files to test MOLA. We use Retinol Binding Protein
(RBP) as test protein. The tutorial was written in a way that, if you follow all steps, you can perform a VS
project using RBP without ever leaving the customized Live-CD Linux operating system and with no
prior experience.

To prepare the files need for VS with another protein some steps are need. For this we have included on
the customized Live-CD operating system the software package AutoDockTools (ADT). ADT is a
software that allows the user to prepare the files need for docking with AutoDock4 and Vina. A detailed
tutorial for preparing the files used on this tutorial (from the original 1RBP.pdb file) is presented on
APPENDIX 1. The steps presented on APPENDIX 1 can be done on any Operating System (Windows,
Mac or Linux) as there are ADT versions available. For more detailed information using ADT please read

the ADT tutorial and manual.


http://www.esa.ipb.pt/~ruiabreu

PART 1- Cluster assembly

1. To wuse MOLA first you need to download the MOLA.so file from:
http://www.esa.ipb.pt/~ruiabreu/mola, and burn it to a CD. PART 1 is partially based on the original
tutorial of Pelican HPC tutorial with some adaptations necessary to use MOLA. For more detailed

information you can find the tutorial for Pelican HPC here:

http://econpapers.repec.org/paper/aubautbar/749.08.htm.

2. Place the CD in the computer CD device of your master node computer and turn it on. For your master
computer node you should use the faster computer with more RAM memory. When you boot up, you'll
see something like the following screen. By default most computers boot first from the CD. If this is not

your case you need to go to your boot setup (usually pressing F8 during booting) and select the CD

device as your primary booting device, then just restart the computer.

@

Start Debian Live

Start Debian Live (fail-safe mode)
Hemory test

Help

Boot default in 18 seconds

3. During booting eventually you will see the next screen. To use MOLA you do not need this feature so
just click ‘OK’. This screen gives you the opportunity to use a permanent storage device for the
‘/home/user’ folder but for MOLA we strongly recommend not using this option, just press “OK”! “This
feature is provided as a convenience for advanced users but it’s impossible to test this feature on all
possible hardware configurations, so NO GUARANTEES ARE MADE THAT IT WILL NOT
DESTROY YOUR HARD DISK. Back up your data before trying anything but the default” (quote from
Pelican HPC tutorial).

Pelican Setup
Do HOT type anything into this input box, it
is only for the convenience of advanced users
who have experience using PelicanHPC, and who
have read the documentation to learn what it
is used for. Press <enter> to continue

[ranl_

<Cancel>



http://econpapers.repec.org/paper/aubautbar/749.08.htm
http://www.esa.ipb.pt/~ruiabreu/

4. Next, you will see this screen. Just choose ‘yes’.

Pelican Setup
Copy user configuration and examples
#homesuser? You should probably choose YES
unless you are using a specially made wvesion
of PelicanHPC that uses a permanent storage

device, and you already have a setup vou wWould
like to keep.

< vos >

5. Next, you are prompted to change the default password. You should backspace to remove the default,

then type in a new password and click ‘OK’.

Pelican Setup
Helcome to PelicanHPC. Please type in a
passWord, and then press <{enter> to continue

lP leaseChangeMe? _

<Cancel>

6. Finally, you are all booted up and the login prompt appears. Enter the username ‘user’ and then the

password you created on step 5.

elcome to PelicanHPC!

o log in, enter user as the username, and the passuword you just specified.
After you're logged in, you can:

pelican_setup
startx

[For more information, wvisit http://pelicanhpc.org. Have funt

Debian GHU-/Linux 5.8 pelican ttyl

pelican login: _




7. Now start the Xfce graphical interface by typing ‘startx’.
lelcome to PelicanHPC?

o log in, enter user as the usermame, and the password you just specified.
After you’'re logged in, you can:

pelican_setup
startx

[For More informMati vizit http:sspelicanhpc.org. Have funt

Debian GNU/Linux 5.8 pelican ttyl

jpelican login: user

1ser@pelican:™§ startx_

8. Now you should see the Xfce graphical interface and you are ready to assemble the cluster. Click on

the Console as indicated by the red arrow to open a command-line interface.
~
Cal

File System

user@pelican: ~ - shell - ... |

session Edit View Bookmarks Settings Help

user@pelican:~¢ pelican_setupl]




10. If you have more than one network device you will be asked to choose the net device, a screen will
appear to select the device you will use (usually the first option). Next, we see the following screen.
Please read the warning in the screen carefully. You should make sure that the network device used for
the cluster is isolated from all networks except the cluster. When you see the following screen, choose

‘Yes’.

ser@pelican: ~ - Shell - ...

Start Pelican HPC netboot services
We now get ready to set up the cluster by starting services that will
allow the compute nodes to netboot. IMPORTANT: do not proceed if your
cluster is on an existing network, or PelicanHPC's dhep server may
conflict with a running dhcp server. Continue?

11. Next you will see this screen. Choose ‘Yes’ and click ‘Enter’.

= EI ser@pelican: ~ - Shell - .. ‘

Session Edit View Bookmarks Settings Help

Restart Pelican HPC

Time to bring the compute nodes into the cluster. If you are resizing a
running cluster, be aware that continuing will interrupt any running MPL
jobs. Continue?




12. When you see the next screen, go turn on the other computer slave nodes.

& yser@pelican: ~ - Shell - ...

Session Edit View Bookmarks Settings Help

Restart Pelican HPC
Go turn on your compute nodes now.

At the moment O compute nodes (not counting
this frontend node) are available.

Click no to rescan the available nodes. Click
yes when the desired number of nodes are
available. You might want to wait a bit if
some nodes are still finishing booting up.

\* ’i File Manager
L anage files and folders

When a compute node starts to net-boot using PXE you'll see the next screen. If this screen doesn't appear

the computer may be too old to have PXE, in this case see NOTE1 at the end of this PART.

opyright (C) 1997-2488 Intel Corporation

LIENT MAC ADDR: B8 BC 29 82 67 83 GUID: 564D2BDA-39FC-BD39-149F-9578089826783
LIENT IP: 18.11.12.3 MASK: 255.255.255.8 DHCP IP: 18.11.12.1

XELINUX 3.61 Debian-2888-82-85 Copyright (C) 1994-2888 H. Peter Anvin
segment at: a8899BFA
segMent size: 4068
segment at: B88B9E9SA
segment size: BBBC
point found (we hope) at 9E95:8186
vy IP address seems to be BABBBCA3 18.11.12.3
ip=18.11.12.3:18.11.12.1:8.8.08.8:255.255.255.8

: pxelinux.cfgs564d2bda-39fc-bd39-149f-9578A9826783
: pxelinux.cfg-B1-8B8-Bc-29-82-67-83

: pxelinux.cfg-BABBACH3

: pxelinux.cfg-BABBBCH

: pxelinux.cfg-BABBAC

: pxelinux.cfg-BABEA

: pxelinux.cfg-BABE

: pxelinux.cfg-BAB

: pxelinux.cfg-BA

: pxelinux.cfg-@

When a compute node is done booting, you'll see this:




13. Click ‘No’ to rescan and now you should see this. Once a node has booted up, the count goes up.

Restart Pelican HPC

Go turn on your compute nodes now.

At the moment 1 compute nodes (not counting
this frontend node) are available.

Click no to rescan the available nodes. Click
yes when the desired nwumber of nodes are
available. You mnight want to wait a bit if
sone nodes are still finishing booting up.

14. Keep hitting ‘No’ until all of your compute nodes have booted up. Once you click yes, you'll see
something like the next screen, depending on how many nodes you have. You can check if the cluster is
assembled and how many nodes are connected by typing the command ‘lamnodes’ on the Console. In our

example we use only 2 computers (a master and a slave) connected using a crosswire ethernet cable.

Restart Pelican HPC

Your cluster of 2 nodes is (probably)
lanbooted. If there was a problem, just re-run
the script.

The nodes in the cluster are listed in the
file “/tmp/bhosts. If you add or remove
conpute nodes, re-run this script
(pelican_restart_hpc) uwhenever you like.

1ser@pelican:”} lammodes

nil 1P.11.12.3:1:

nl 10.11.12.1:1:origin,this_node
iserBpelican:~§ _

OK, that's it, the cluster is ready to use!

NOTE 1. Remember that, for older computers ,you may not have the PXE option. In this case you can use

gPXE for booting. You can get it on this site http://rom-o-matic.net/gpxe/gpxe-git/gpxe.git/contrib/rom-o-
matic/ or from MOLA site. Just burn the gPXE.iso to a CD and boot the computer from the CD as we

have done with the master computer.


http://rom-o-matic.net/gpxe/gpxe-git/gpxe.git/contrib/rom-o-matic/
http://rom-o-matic.net/gpxe/gpxe-git/gpxe.git/contrib/rom-o-matic/

PART 2. Virtual Screening with MOLA using AutoDock4.

We are now going to use MOLA with AutoDock4 as docking engine. We will use as protein target the
Retinol Binding Protein (RBP) and as ligands the NCI diversity set II compound dataset. For this tutorial
we will use the first 50 of 1364 compounds of the NCI diversity set II compound dataset that is available
with the MOLA Linux distribution.

The files need for this tutorial are all on the ‘/home/user/tutorial-1RBP’ folder and for the purpose of
testing MOLA in this tutorial we are going to do everything from this folder. However remember that as
the files are placed on transient RAM memory, if the computers are turned off, all the files on the
‘/home/user’ folder disappear. For a real-life Virtual Screening (VS) project you should do everything
from a USB device. Just connect the USB device and it will appear on a '/media/disk' folder with an icon
on the desktop.

There are 2 versions of MOLA available: one for use with AutoDock4 (MOLA-AD4v1.0.sh) and other
for Vina (MOLA-VINAvV1.0.sh). They are separate as you may want to use just one of the docking
engines, still you can start both MOLA version at the same time that they will handle the jobs seamlessly

and at the same time.

1. Click the 'Home' icon on the Desktop and the '’home/user/' folder opens (blue arrow). This folder
contains the files need for VS with MOLA. You can see the 2 versions of MOLA (red arrows). The
tutorial files needed to test MOLA are on the 'tutorial-1RBP' folder (orange arrow). You can also find this
tutorial as 'tutorial-MOLA.pdf'. There is a 'tools' folder were some tools used by MOLA are located (pdb-
tools and vina executables). Also you can find a 'share' folder created to link to my hard-disk drive but
this folder is only used with when we are assembling the cluster with VirtualBox software (see Appendix

2). VirtualBox is used in this this tutorial as it facilitates image capturing.

!,r_i user - File Manager ‘
user - File Manager
File Edit View Go Help
Home: 3 user & | home |,(j user
ﬁ Trash o ) R ] o
0 =~ | R
PelicanHPC [ File System H Floppy Drive tutorial-1RBP tmp

@ PelicanHPC

; (7)) VBOXADDITIONS 3....

Floppy Drive MOLA-AD4v1.0.sh  MOLAVINAVL.O.sh

8 X\ X

tutorial-MOLA pdf

7 items (3.3 MB), Free space: 171.4 M8




Important! If one of the computers from the cluster is quad-core or octo-core, you can take full
advantage of their processing power. Open MOLA-AD4V1.0.sh with Kate text processing software (type
on the Console this command line 'kate MOLA-AD4v1.0.sh") and read line 194 for instructions.

2. Now you are going to run the MOLA-AD4v1.0.sh' executable located on ‘/home/user’. Double click
on 'MOLA-AD4-v1.0.sh' (brown arrow)*. The MOLA windows opens. You are now going to be asked
for the location of the input files for MOLA. First select a PROJECT folder (pink arrow)**. For this
tutorial we use the 'Yhome/user/tutorial-1RBP' folder as PROJECT folder (green arrows). In this folder
you should have all the files you need for your VS project. Also it's in this folder that all the result files
are recorded on a 'results-AD4' folder. Click 'OK".

GE:L i user-FileManager  fx  Select PROJECT folder |

user@pelican: ~ -
o user - File Manager x (D Select PROJECT folder

File Edit Vi Go Hel o

LR R Create Dir | Delete File | Rename F\\e\

«

G user Jnomeluseritutoriak IREP

B wesh _ . - %

=4 File System [i [i [i [i Directories | N

/

[£] Froppy orive share tutorial-1REP tmp tools ,

(©) pelicantipc ligands

) veouonrmons 3 ' o o A proteiry

sh sh (PDF)
fpinghosts MOLA-ADAv1.0.sh  MOLAMINAVL.O.sh  tutorial-MOLA.pdf

8 items (3.3 MB), Free space: 172.3 MB

user@pelican: — - Shell- Konsole
Session Edit View Bookmarks Settings Help

nL 10.11.12.1: 1:0rigin, this_node I
user@pelican:~$ sh MOLA-ADAV1.0.sh

LAM 7.1.2/MPT 2 C++/ROMIO - Indiana University

/oK | X cancel
= muo @ - I

* As an alternative open a Console (black box on the bottom) and write this command line 'sh MOLA-

E Selection: /homefuser/tutorial-1RBP

AD4v1.0.sh' (yellow arrow). Starting from a Terminal allows you to see the context messages but that
extra information although not essential for using MOLA. ** Remember that, for a real VS project, you
are advised to locate the PROJECT folder on a USB device for proper physical storage of the results. Just
plug a USB-flash drive that will appear as '/media/disk' folder. Then just place the tutorial-1RPB folder
on it and select the '/media/disk/tutorial-1RBP' as PROJECT folder, the rest of this tutorial is the same.
This insures the results are recorded in a physical storage device as the docking jobs of each compound

finish.

3. Now select the PROTEIN folder (blue arrow). On this folder there should be the atom grid map files
needed for docking with AutoDock4 (see APPENDIX 1 on how to prepare the maps). For this tutorial we
will select the '/home/user/tutorial-IRBP/protein’ folder (red arrows) were the tutorial atom grid maps

files are placed.

= i [ I- i [user-FleManager] @ [user@pelican: ~ - Shell -, ‘g Select PROTEIN folder wit
Select PROTEIN folder with atom maps
@ i Create Dir | Delete File | Rerame File |

VBOXADDIT.., [ H
Jhomeluser/tutorial- 1RBP/protein .4|

. ="} Directories q

PelicanHPC [ File System "/ J
1)

Floppy Drive

Selection: /home/user/tutorial- 1 RBP/protein

s OK X Cancel

10




4. Now select the PROTEIN file in PDBQT format (orange arrow). For this tutorial select the

'"IRPB_receptor.pdbqt' also located on the '/home/user/tutorial-1RBP/protein’ folder (yellow arrows).

mmii i [user-File Manager] | £% Select PROTEIN file in PD... | & [user@pelican: ~ - Shell -..

Select PROTEIN file in PDBQT format

Create Dir | Delete File | Fename File |

VBOXADDIT...

Jhome/user/tutorial- IRBF/protein - |

S [Flles

° =} Directories |
File Syst 4 TRBF_receptor.OS. map
= R o 1RBP_receptor.P.map
1RBP_receptor.S.map

T 1RBF_receptor.3A.map
L] 1RBP_receptor.ZN.map

1RBP_receptor.Zn.map

1RBP_receptor.d.map
1RBP_receptor.e.map
1RBP_receptor.maps.fld
1RBP_receptor.maps xyz
1RBP_receptor.pdbg
1rbp.glg

1rbp.pdb

7 |1rbp2.glg

Selection: /nome/user/ tutoriak 1 RBP/protein
1RBF _receptor pdbqt

v OK X Canocel
‘g\i@\@ 11:34

5. Now select the LIGAND folder (green arrow). On this folder compound files you want to use with
MOLA must be present. The allowed formats are: PDBQT, PDB and MOL2. PDBQT is the file format
required for AutoDockd4. If the ligands are in PDB or MOL2 MOLA will automatically convert them to
PDBQT. For this tutorial select the '/home/user/tutorial-1RBP/ligand/tutorial-ligand' folder (pink arrows)
as the ligands are placed here. On this folder you have 50 compounds from the 1364 that compose the
NCI diversity set IT compound dataset, already in PDBQT format. If you want to use the complete 1364
dataset you have them available at '/home/user/tutorial-1RBP/ligand/NCI_diversitySet2' folder, but if you

select this folder it will take a while!

: vl [user - File Manager] £+ Select LIGAND folder ™ [user@pelican: ~ - Shell -..

Select LIGAND folder

WBOXADDIT. .

fhomefuser/tutorial- 1 RBP/ligand/tutorial-igands 1 |

° el Create Dir | Delefe File | Fename File |
=B

Directories

PelicanHPC M File System "/

Floppy Drive

"4

Selection: /homefuserf/tutorial- | REP/ligand/tutorial-ligands

v OK X Cancsl
» W O e

11



6. Now select AutoDock4 parameters needed to for MOLA. Some values are given for reference purpose,
use the values you want having in mind that the higher the parameters values the more reliable are the
results but the longer it takes. We will use the parameters: 250000 as number of evaluations parameter

(black arrow), 150 as population number (blue arrow) and 50 as number of runs (red arrow). Click ‘OK’.

— .
El_j |- . [tutorial-LRBP - File Mana... | £ Select AutoDockd Param... | ™ [user@pelican: ~ - Shell -..

Niljo Select AutoDocka Parameters

Type the number of evaluations for your WS project:
Reference values:

PelicanHPC [ File System short: 250000
pelicantoc [l Fle system e B

long: 25000000
e &~

Type the population number for your VS project:

Reference value: 150
[150 /

Type the number of runs for your VS project:
Reference value: 50

Mk X Cancel

7. You can now give the XYZ coordinates of the ACTIVE SITE (or bound experimental ligand
coordinates). We use 33.2 18.9 and 51.2 for XYZ coordinates respectively, these values are the
approximate center of the ACTIVE SITE of RBP protein structure we are using and also the grid centre
(see APPENDIX 1). Click 'OK".

These values are used to calculate the distance, in Angstroms, of each virtually docked ligand to the
coordinates, of a position of interest. Usually this position is the ACTIVE SITE were we want to know if
the ligand binds to it (or at least docks in the proximity). It can also be the position of a ligand
experimentally bound to the protein structure we are using. The smaller the distance the closer the ligand

binds to the ACTIVE SITE and thus the more relevant the ligand as possible protein modulator.

o

N Select ACTIVE SITE XYZ

Type the XYZ ACTIVE SITE coordinates
(or bound experimental ligand coordinates)

. =r ‘When analysing the resuilts, these coordinates are
Flle System used to measure the distance of the virtually docked
ligand to the ACTIVE SITE (or bound experimental ligand).
(Leave empty for not measuring the distantes)
]

Floppy Drive * coordinate

¥ coordinate

Z coordinate

v  OK X Cancel
‘*}i@\@‘lasa

12



8. Finally an information box appears were you can review all the input data. If everything is OK click
"Yes'.

S] | B T T r——"

Information Box
(-] &
VBOXADDIT....

° = PROTEIN folder:
File System fhormeruser tutorial- 1 RBP/protein/

PROTEIN file:

; /hemefuser/tutorial- 1 REP/protein/ | REP _receptor pdbgt

LIGAND folder;

/home/user/tutorial- 1 RBPYligandftutorial-ligands/

EVALUATION NUMBER: 250000
POPULATICN NUMBER: 150
NUMBER OF RUNS: 50

Confirm input data?

IE X No
» @ (@ s

9. NOW you see a MOLA monitoring window were you can observe all the steps MOLA automatically
performs on a VS project. First MOLA prepares the ligand files (orange arrow), if the files are in PDB or
MOL2 format they are converted to PDBQT format in this tutorial the files are already in PDBQT format
so MOLA continues to the next step. Then MOLA creates a DPF file for each ligand, this step is needed
for AutoDock4 to run. Notice that the first ligand is 1RBP_ligand.pdbqt (see APPENDIX 1 on how to
create it), that corresponds to retinol the experimentally bound ligand of our protein. Retinol will work as

a control compound.

i; J [tutorial-LRBP - File Mana... | £ MOLA-ADA monitoring win... | & [user@pelican: ~ - Shell -

MOLA-AD4 monitoring window

] Preparing PDBQT ligand files

FDBQT files prepared. \
.

- Preparing DPF files

1450 1RBP_ligand pdbqt
2/50  NCI_905832.pbqt
3150 NCI_205309 pabqt
450 NCI_205912 pdbat
5150 NCI 205954 pelbqt
6150 NCI_210816 pabqt

7I50  NCI_214009 pebqt
8150 NCI_214026 pbqt
Q50 NCI_2157 18 pcbqt

X Cancel

*‘ii@\@‘lass
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10. With all DPF files created MOLA starts launching AutoDock4 jobs to the computers nodes of your
cluster (green arrow). You can monitor this process on MOLA window were you can see: the jobs already
launched, the node on where the job was launched and the ligand being docked. In this tutorial we are
using a 2 computer cluster so we have nodes 0 and 1 (the highest number is always the master node, in

this case node 1). MOLA sends 2 AutoDock4 jobs to each computer. When 1 jobs finishes MOLA

automatically sends another until all jobs are launched.

£ MOLA-AD4 monitoring win... | [user@pelican: —ftutorial..

MOLA-AD4 monitoring window

44450 NC\7637308.pquIW
4550 NCI_646876_a pdbgt
48150 NCI_846976_b.pdbgt
47150 NCI_859107.pdbgt
48150 NCI_860296.pdbqt
49/50 NCI_672441.pdbgt
50/50 NCI_6836848.pdbgt

DFF files prepared o

Launching AutoDockd Jobs, {

Job MNode Ligand

1/50 1RBF_ligand_1RBF_receptor.dpf

250 NCI7205832JRBP:receptor.dpf
3150 MCI_205909_1RBP_receptor.dpf
4150 NCI_205912_1RBP_receptor.dpf

5150 MCI_205954 1RBP_receptor.dpf

v OK | X Cance\'

@ [O e

11. When all jobs are finished a message appear on the MOLA window (pink arrow). The biggest cluster
we tested so far had 10 dual-core computers with a total of 20 processors (see picture X). You can also
just use MOLA as a multi-core workstation. This is useful when you only have one computer and don’t

want to manually start each AutoDock4 job.

o ™

MOLA-ADA monitoring window

35150 NCI_380279_1RBP_receptor.dpf
38150 MNCI_400976_1RBF_receptor.dpf
° =D 37150 NCI_402083_1RBP_receptor.dpf
38150 MNCI_402530_1RBF_receptor.dpf
39150 NCI_408734_1RBP_receptor.dpf
4050 MNCI_524615_a 1RBP_receptor.dpf
41150 NCI_524615_h_1RBP_receptor.dpf
42150 MNCI_822608_1RBF_receptor.dpf
43150 NCI_523638_a_1RBP_receptor.dpf
44150 MNCI_B37308_1RBF_receptor.dpf
45150 NCI_646976_a_1RBP_receptor.dpf
46150 NCI_646976_b_1RBF_receptor dpf
47150 NCI_559107_1RBP_receptor.dpf
48150 MNCI_B60296_1RBF_receptor.dpf
49150 NCI_672441_1RBP_receptor.dpf
50150 NCI_883648_1RBP_receptor.dpf

Waiting for all AutoDock4 Jobs to finish.
4 LtoDacka Jobs have finished \
/oK | X cancel|

‘* ii@i@‘zzzl

14



12. MOLA them starts the result analysis (black arrow). This step can take some time depending on the
number of compounds used because several calculations need to be done (about 2 to 5 seconds per
ligand). In the end an open-office spreadsheet is opened with the results presented in table format for easy
interpretation and handling. Before opening the open-office spreadsheet an Text Import window appear

(red arrow). Be sure to tick the Space option (blue arrow). Then click 'OK".

= @ [user@pelican: ~ - Shell -.. & MOLA-AD4 monitoring win,
@ MOLA-AD4 monitoring window
50/50 1 NCI_883645_IRBP_receptor.dpf
Waiting for all AutoDock4 Jobs to finish e Text Import - [results-AD4. csvl

Character set

Initiating Results Analysis h Cancel
9 v From row 1 =

. Help
| results-AD4.csv file wil the created Separator options —I

AutoDockd Jobs have finished Import oK |
[unicode (UTF-8) |

and opened with Openoffice-Cale. When it does, © Eixed width

select the space option on the Text Import dialog & Separated by

Depending on the size of your ligand dataset " Tab ¥ Comma I Other

this task may take some fime, please be patient. I semicolon ~ Bpace)

You Virtual Screening Project is finished! I Merge delimiters \ Text delimiter ! =
[Thark you for using MOLA.

Fields

Column type E

/oK | X Cance\| Standard Standardstandard [Standard|standardstandard/stand -
1 T [Ligand Energy Distance Run X Y z

2 |IREP_Lligand_LREP_receptor -9.02 1.2690 run.26 31.9578 19.0116 48.12
3 |NCI_215718_1RBP_receptor  -8.00 9188 run.46 32.41S1 18.9697 49.04
4 |NCI_228155_1RBP_receptor -7.67 1.1345 run.27 31.7580 19.4508 50.41
5 NCI_252777_IRBP_receptor  -7.55 2.7473 run.2l 32,3000 18.5346 51.84
6 |NCI_303612_a_lRBP_receptor -7.55 3.4200 run.50 30.2757 20.2547 46.29
7 NCI_377852_1RBP_receptor  -7.44 1.1001 run.12 32.4584 18.6130 49.30 _
e ez iven paconenr 3o S'avin nn e =3eeen e'sssp s j“

13. The open-office spreadsheet opens with the name results-AD4.csv. On this result table you can find
several columns with different information:

column A: Ligand - ligand and receptor name

column B: Energy - lowest energy of binding - AG (Kcal/mol)

column C: Distance -The distance between the center mass of the virtually docked
ligand with the lowest energy of binding and the ACTIVE SITE (left blank if no coordinates were given).

column D: RUN - AutoDock4 run corresponding to the lower energy value.

column EFG: XYZ coordinates — space coordinates of the virtually docked ligand with
the lowest energy of binding.
The results are sorted according to the compound with lowest energy of binding. Remember we used
Retinol as control. You can see that it's Retinol the first compound in the list with the lowest energy of
binding, with the center mass located just 1.27 Angstroms from the selected ACTIVE SITE. The distance
value is designed to give an immediate indication if the ligand virtually binds close to the ACTIVE SITE

of interest. The higher the value the further away from the site of interest.

| results-AD4 - OpenOffice..., | ™ [user@pelican: ~ - Shell .. £ MOLA-ADA4 monitering win...

=
@ MOLA-ADA m results-AD4 - Openoffice.org Calc.

5050 1 NCI_6838
- g b @ Al Z e
Waiting for all AutoDocka Jol B o ¢ NN HOEDS L
. = = o/ 0= 0w c= 5= My - A -
lAutoDocka Jobs have finish £ pd [pevesane Afo T B/ U D% R == -0 A ‘l‘
—————— A28 =] §o0 22 = [NCI343345_1RBP_receptor
B [ ¢ [ o [ e T F T G H [ [ =
1 Ligand Energy Distance Run X Y Z
A results-ADA csv file will they 757711 RBP_ligand_1RBP_receptor -9.02 127 run.26 32 19.01 48.13
a”ﬁ OPeh”edW““ Openoffice) 3INC| 215718_1LRBP_receptor -8 092 run46 32.42 18.97 49.05
select the space oplion on ¥) =2 INC| 228155 1RBP receptor | -7.67 113 run27 31.76 19.45 50.41
Depending on the size of yol|_B_|NCI_252777_1RBP_receptor  -7.55 275 run2l 32.3 1853 51.84 |
this task may take some fim{|_6 |NCI_303612_a_IRBP_receptor -7.55  3.42 run50 30.28 20.25 46.29
7 |NCI_377852_1RBP_receptor  -7.44 1.1 run.l2 32.46 18.61 493
[You Virtual Screening Projed g INCI_377384_1RBP_receptor -7.25 267 run.l6 33.89 18.56 50.47
|Thark you for using MOLA. | 5INGI 274905_1RBP receptor  -7.15 136 run30 30.6 18.71 48.58
NCI_205954_1RBP receptor  -7.11 139 run.36 32.82 18.87 48.79
NCI_660296_LRBP receptor  -7.02 158 run.34 32.97 18.57 49.03
J ok CI_263220_a_1RBP_receptor -6.96  1.62 run.07 30.98 19.97 47.96
NCI_400976_LRBP_receptor  -6.91  2.64 run.l5 29.81 19.53 47.37
NCI_402083_LRBP_receptor  -6.9 1.2 run40 31.23 18.56 48.43
NCI_205909_LRBP receptor  -6.82 2.5 run.0l 33.03 19.33 51.35
NCI_210816_LRBP receptor  -6.82  0.82 run.07 31.54 18.57 48.94
NCI_335506_b_1RBP_receptor -6.75  3.23 runl2 30.47 2022 46.41
NCI_343557_LRBP_receptor  -6.73 = 159 run.02 32.25 19.03 50.73
NCI_646976_a_1RBP_receptor -6.72  4.26 run.43  34.18 18.59 52.61 .

.
Sheet 1/1 Default Wt @ | ([@® s D= Sum=0
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14. The results-AD4.csv (yellow arrow) file is recorded on a results-AD4 folder (orange arrow) in the

PROJECT folder ('/home/user/tutorial-1RBP/results-AD4' in this tutorial). With the information presented

on the results-AD4.csv file you can have an immediate overview on the quality of the VS results. Still for

a visual inspection of the results a folder is created for each ligand on the results folder (green arrow).

i results-AD4 - File Manager | [ results-AD4 - OpenoOffice.... ™ [user@pelican: ~ - Shell -.. £} MOLA-AD4 monitoring win.
MoLA-ADa m[ 3 results-AD4 - OpenOffice.org Calc x
results-AD4 - File Manager x
|| fle Edit view Go Help »
o - &
N 3 user = || hore |[ici user || tutorial-1Rap
’ ® vesn il NCI_683543 1RGP _receptor s NCI_380279_1RBP_receptor i NCL303512_s_1RBP_recsptor i NCI_205954_IRGP_receptor
Iritiati| |58 Fle System Wl NCI_672441_1RBP_receptor il NCI_370872_1RBP_receptor il NCI_284234_1RBP_receptor il NC|_205012_1RBP_receptor
B [ Floppy prive i ne 0006 1REP_receptor il NCI_377852_1RBP_receptor il NCI_283849_1RBP_receptor &l NC|_205909_1RBP._receptor —
A rest) (@) pelcantipc i 1y 659107_1REP_receptor Wl NCI_377384_1RBP_receptor i NC|_277806_IREP_receptor il NCI_205832_1REP_receptor
S0Lel | © veowoomons.... | Lliici sass7sb_irap raceptor 8 NCL373427 1686 roceptor a8 NCIL274905 _1EP.recepior s 1AEP_ligand_iRSP_recepor
- i NCI_645976_a_1RBP_receptor 'l NC|_372063_a_1REP_receptor Ml NCI_270737_b_1RBP_receptor (@) results-AD4.csv
i il NCI_637308 1RGP _receptor s NCI_343557_1RBP_receptor i NCL_263536_1RBP._receptor N
on il NCI_623638_a_1RBP _receptor il NC|_343343_1RBP_receptor il NCI_263220_a_LRBP_receptor
HFhark il NCI_622508_1RBP_receptor s NCI_341196_1RBP_receptor s NCL_252777_1RBP._receptor
""""" i NCI_524615_b_1RBP_receptor Ml NC|_340852_b_1REP_receptor il NCI_241621_1REP_receptor
i NCI_524615_a_1RBP_receptor Ml NC|_335506_b_1REP_receptor Ml NCI_228155_1REP_receptor
i NCI_408734_1RBP_receptor Ml NC|_332473_1RBP_receptor il NCI_215718_1RBP_receptor
il NCI_402590_1RBP_receptor i NC|_321496_1RBP_receptor il NCI_214026_1REP_receptor
il NCI_402083_1REP_receptor i NC|_309874_a_1REP_receptor il NCI_214009_1REP_receptor
i NCI_400876_1RBP_receptor 'l NC|_308847_LRBP_receptor il NCI_210816_1RBP_receptor
51 items (103.4 kB), Free space: 128.9 MB
T9 NCI 040970 a IRBP_Tetepior =67 T 7o Tun 16 1659 5Z0T .
'E&RM/“‘“‘L—_[B SR T or”

[sheet1/1 [oerur wi |l Ml @ (@) | 52 TS

Sum=0

15. On each folder you have a DLG (docking log) file (brown arrow) that you can open with ADT to
inspect all the docked ligand conformations. Also you can find, in separate PDB files, all the docked
ligand conformations of each AutoDock4 run (black arrow) in this tutorial we selected 50 runs. These
files are useful if you want of open the conformations in a different software like, per example, Pymol.

Just check the run with the lowest energy of binding on the run column of the results-AD4.csv file.

i results-AD4 - Openoffice.... # [user@pelican: ~ - Shell -.. £ MOLA-AD4 monitoring win..

OpenOffice.org Calc

results.

NCI683648 1RBP.receptor. - x
. Fle Edit View Go Help = i
A 8 user == |[ home |[ic3 user|| tutorial-1RBP || results-ADa v‘.
@ roen ) RD-NCI_683648_1RBP_receptor.csv @ run.36.pdb @ run.2lpdb @ run.06.pdb
S File System @ run.50.pdb @ run3s.pdb @ run.20pdb @ run.05.pdb
[ Foppy prive @ run.as.pdb @ runsapds @ run.19.pdb @ run.0d.pdb o
:ﬂgz () pelicanHPc @ run.as.pdb B run3zpdb @ run.ispde @ run.03.pdb
select () veoxApDITIONS . @ run.a7.pdb @ run32pdb @ run.17.pdb @ run.02.pdb
E)é;;e @ run.46.pdb \ @ run31pds @ run.16.pdb @ run.0l.pdb |
this tal @ run.4s.pdb @ run30.pdb @ run.15.pdb  #) NCI_683648_1RBP_receptordlg
vy @ run.a4.pdb @ run20.pdb @ run.14.pdb
IThark @ run.a3pdb @ run28.pds @ run13.pdb
""""" @ run.42.pdb @ run27.pdb @ run.12.pdb
@ run.41.pdb @ run26.pdb @ run.11.pdb
@ run.40.pdb @ run25.pdb @ run.10.pdb
@ run.39.pdb @ run24.pdb @ run.0s.pdb
@ run.38.pdb @ run23.pdb @ run.08.pdb
@ run.37.pdb @ run22.pdb @ run.07.pdb
52 items (453.0 kB), Free space: 128.9 MB
TS [NTI 40970 d IRBF TEtEpmr 0.7 FZ0 TUTAS 3%.I6 I659 5Z.0L ~
lﬁﬁﬁﬁ/‘w"_““[&‘ e i | 0T o
[sheeti/i Dt i |l il @) | (@] | 1505 TSm0 [* Sum=0

In many VS projects the 'results-AD4.csv' file may be all the results you need and you may delete the rest
of the results files as they occupy a considerably amount of disk space (about 300 kilobyte on average per
ligand). Remember that, in the results-AD4.csv' file, you have the “how strong it binds” information

(Energy column) and the “were it binds” information (Distance column)!
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PART 3. Virtual Screening with MOLA using Vina.

Using MOLA with Vina uses that same approach as using MOLA with AutoDock4. Still Vina and
AutoDock4 work in different ways so some changes were made in MOLA-VINA. However both MOLA
version can be launched at the same time as they will will work seamlessly. The tutorial files used will be
the same, the difference is that the result files using MOLA-VINA will be recorded on a results-VINA
folder on the PROJECT folder.

1. Click the 'Home' icon on the Desktop and the ‘/home/user/' folder opens (blue arrow). This folder
contains the files need for VS with MOLA using VINA. The tutorial files needed are on the 'tutorial-
1RBP' folder (orange arrow). Now you are going to run the 'MOLA-VINAv1.0.sh' executable located on
‘/home/user’. Double click on 'MOLA-AD4-v1.0.sh' (brown arrow). The MOLA windows opens. You are
now going to be asked for the location of the input files for MOLA. First select a PROJECT folder (pink
arrow). For this tutorial we use the Yhome/user/tutorial-1RBP' folder as PROJECT folder (green arrows).
Click 'OK'.

l'jnl 1 000 |G user-FleManager | & select PROECT folder

user - File Manager @ Select PROJECT folder \
Create Dir Delete File Fename File

Ihomelusen/tutoriak 1REP :.J
—“{)(

Fle Edit View Go Help
il user horne | ci user

® rosh i afiare, \

&8 File System & tutoril-1BP Directories N IR
[ Floppy orive - tmp //
(©) pelicanHpPc o tools igands
() vBOXADDITIONS @ MOLAVINAVLO.sh protein/
@ MOLA-ADAV1.0.sh \ restlt=ARg,

@ tutorial-MOLA pdf

Selection: /home/uUser/tutoriak 1RBP

v/ ok | X cancel

7 items (3.3 MB), Free space: 129.0 MB

2. Now select the PROTEIN file in PDBQT format (red arrow). For this tutorial select the
'"IRPB_receptor.pdbqt' located on the '/home/user/tutorial-1RBP/protein’' folder (yellow arrows). Notice

that the atom grid maps used with AutoDock4 are no longer needed.

=iE i @ user-FleManager | & Select PROTEIN filein PD.. |
=] user - File Manager X Select PROTEIN file in PDBQT format
Fle Edit View Go Help Create Dir_| Delete File | Rename File |
== || home || user
G vser [cuser] /home/useritutoria-1RBP/protein 1 |
g Trash i share
=58 File System 8 tutorial- 1REP Directories [ [Files
Floppy Drive _ 7 TRBP_receptor OA. map
H it _/ 1RBP_receptor.0S.map
(©) pelicanHPc & tools 1RBF_receptor.P.map
(©) VBOXADDITIONS _ @ MOLAVINAVL.0 sh 1RBP_receptor.S.map
1RBP_receptor SA.map
& MOLA-AD4v1.0.sh IRBP

@ tutorial-MOLA.pdf 1RBP_receptor.Zn.map
1RBP_receptor.d.map
1RBP_receptor.e.map

_receptor ZN.map
1 RBP:receptor maps fid

Trbp.glg
1rbp.pdb

7 | 1mbp2glg

Selection: fhome/user/tutorial- 1RBP/protein
TRBP_receptor.pdbgt

“MOLA-VINAV1 0 sh (8.4 kB) shell script

v OK X Cancel
@ @ o
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3. Now select the LIGAND folder (brown arrow). We use the same compound files used with MOLA
using AutoDock4. For this tutorial the ligands used for testing are on the ''home/user/tutorial-
1RBP/ligand/tutorial-ligands' folder (black arrows). On this folder we have 50 compounds from the 1364
that compose the NCI diversity set II compound dataset in PDBQT format. Click 'OK'.

Magquina Di
=[]l |G user-fleManager |4 Select UGAND folder |
= SSarTENE Manager wslo Select LIGAND folder

File Edit View Go Help

- : Create Dir_| Jelate File | Rename File
o = | home
i — Ihome/userftutoria-1RBP/igand/titoriakligands s
@ mesn | i share
8 Fle System il tutorial-1REBP Directories |
) Foppy Drive [ 7 [
!
(0 pelicanHpc | il tools
(@ veoxapoITons @ MOLAVINAVL O <h

|| @ moLA-ADav1.0.sh
tutorial-MOLA pef

Seleclion: {horne/user otk 1| RBP/Agandtori-igarnds

/ Ok | X cancel

"MOLA-VINAVL 0.5h" (8.4 kB) shel script

4. Now we insert VINA Parameters needed to use MOLA. For VINA you need to define 'search space' by
inserting the center of the grid (XYZ coordinates) and the size of each dimension of the grid (xyz
dimensions). We will use for this tutorial: 33.2 18.9 and 51.2 for XYZ coordinates (blue arrow) and
30x30x30 Angstroms for the XYZ dimensions size (orange arrow). Please see APPENDIX 1 on how
these values are calculated. Also a level of 'exhaustiveness' needs to be set, the higher the value the more
thorough is the global search at the expense of more processing time. The default is 8 (if you erase

'exhaustiveness' VINA assumes 8) but we will use 2 to speed up the process (pink arrow). Click ‘OK’.

o [ i user-FleManager [ ntroduce VINA parameters
ol

user - File Manager ) a wo

Fle Edit View Go Help

il user | (=] Chome [uzer]
@ resn i chare
58 File System

il tutorial-1RBP
=) Floppy Drive - tmp
() PelicanHPc o tools
(©) VBOXADDITIONS ... | | @ MOLAVINAVLO sh
@ MOLA-AD4V1.0.sh
@ tutorial-MoLA.pdf

v/ ok | X Cancel | & Print |

"MOLAVINAVL.0.sh* (8.4 kB) shell script

W [ [@] ] s
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5. You can now give the XYZ coordinates of the ACTIVE SITE (or bound experimental ligand
coordinates). We use the same values of the center grid coordinates as they coincide with the ACTIVE
CENTER, in this tutorial use the values 33.2 18.9 and 51.2 for XYZ coordinates respectively (see
APPENDIX 1). Click 'OK'.

EIEEL I I G user-FileManager |  Select ACTIVE SITE XvZ

o user - File Manager

Ele Edit View Go Help

=l user =i ibane @‘ Type the XYZ ACTIVE SITE coordinates

@ vesh (or bound experimental ligand coordinates)
i share

. File System

il tutorial-1RBP When analysing the results, these coordinates are
=) Floppy Drive - tmp used to measure the distance of the virtually docked
= ligand to the ACTIVE SITE (or bound experimental ligand)
() pelicanHpc o tools

(Leave empty for not measuring the distantes)

() vBoxADDITIONS . @ MOLAVINAV1.0sh

& MoLA-ADavV1.0.sh

X coordinate
@ tutorial-MOLA pdf

[33.2
¥ coordinate
[188
Z coordinate
[51.2
"MOLAVINAV1,0.5h* (8.4 kB) shell script 7 J OK X Cancel

@ (@ e

6. NOW you see a MOLA monitoring window were you can observe all steps MOLA automatically
performs on a VS project. First MOLA prepares the ligand files (red arrow), if the files are in PDB or
MOL?2 format they are converted to PDBQT format, but in this tutorial the files are already in PDBQT
format so MOLA continues to the next step. Then MOLA starts launching VINA jobs to the computers
nodes of your cluster (yellow arrow). MOLA sends 1 VINA job to each computer node. When 1 jobs
finishes MOLA automatically sends another until all jobs are launched. With dual-core computers VINA
is able to use both processors so there is no need to send more than 1 job like with AutoDock4. Notice
that MOLA sends more jobs to node 1 than to node 0, that is because node 1 has a faster processor and
finishes a job faster. This shows that MOLA handles heterogeneous sets of computers efficiently and

issue usually seen on dedicated computer clusters.

SEEPI 5 seonevensser  [G WO montaringwindoy | wserapeican: ~-shel -

o user - File Manager

OLA monitering wind =)
Ele Edit View Go Help

il user > fec Preparing PDBQT ligand files
Trash

@ s s protviNA POBQT files prepared.

55 File System | || et S b

) Floppy Drive ——

Launching VINA Jobs,
(©) Pelicanpc

(©) veoDDIONS.

il tutorial-1RBP

Job  Node  Ligand

i tools
@ foinghosts 1150 1 1RBP_ligand pdbat

2/50 ) NCI_205832 pdbgt
@ MOoLAVINAVL.Osh 3150 1 NCI_205309 pdbqt
@ MOLA-ADAV1.0.5h 4/50 1 NCI_205912.pdbgt

550 1 NCI_205954 pdbqt
@ tutorial-MOLA pdf 6/50 ) NCI_210818 pdbgt

7150 1 NCI_214009 pdbqt

v OK X Cancel

"MOLANIMAVI.0.sh" (8.4 kB) shell seript 4

@ @ e
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7. When all jobs are finished a message appear on the MOLA window (pink arrow). The biggest cluster
we tested so far had 10 dual-core computers with a total of 20 processors (see picture X). You can also
just use MOLA as a workstation (one computer cluster). This can be useful when you only have one
computer and don’t want to manually start each Vina job.

MOLA them starts the result analysis (blue arrow). This step can take some time depending on the
number of compounds used because several calculations need to be done (about 2 to 5 seconds per
ligand). In the end an open-office spreadsheet is opened with the results presented in table format for easy
interpretation and handling. Before opening the open-office spreadsheet an "Text Import' window appear

(red arrow). Be sure to tick the Space option (black arrow). Then click 'OK'.

- & MOLA monitoring window [user - File Manager]

# [user@pelican: ~ - Shell -

MOLA monitoring window

47/50 o NCI_659107 pdbqt Text Import - [results-VINA.csv]

48/50 1 NCI_660296 pdbqt A

4950 1 NCI_67244 1 pdbqt pTeteie oK

50450 0 NCIZ683648 pdbqt Character set [Onicode (UTF-8) =l

- = Cancel
Waiting for all VINA Jobs to finish. 4l From row 1 =
Hel
Initiating Results Analysis. Separator options L‘
H  Eixed width
1A resultsVINA csv file will the create
&
and opened with Gpenoffice-Cale. When it does, seomace
select the space option on the Text Import dialog. ™ Tab I Comma I other
. I~ semicolon  Space

Depending on the size of your ligand database
this task may take some time, please be patient I~ Merge delimiters Text delimiter B -
Vou Virtual Screening Project is finished! Fields
[Thank you for using MOLA ol |

1] rgy RD Model X Y Z

2.1658 run.Ol 32.3137 19.5904 49.3483

[ o]

X Cancel|

2.7368 run.Ol 32.4704 19.3590 48.6024
2.6454 run.Ol 32.1S08 19.2117 48.7745
4.0806 run.0Ol 31.3668 19.0805 47.5588
3.3884 run.OL
.6076  run.OL

8. The format of the results with MOLA-Vina is the same as with MOLA-ADA4, so please see information
on step 13 of PART?2. Retinol (1IRBP_ligand) is expected to rank high and, as we can see, is ranked 2 in
50 compounds (highlighted).

File Edit View Go Hel

& B CHOHEASAVEXLER o 6 0 8 HHds B
@ wash %MlDeJa\/uSahS & 1o IB/UISE=E==8b%REIE |0
=8 File System |A3 V3 >: = [1RBP_ligand

[ Floppy orive

(©) pelicantpc

() VBOXADDITIONS _..
E a 10! 2.47 19.36

| shere -10 19.21

2.65/run.01
~8.9| 4.08run.01 19.08
INCI_228155 -9.5| 3.39run.01 19.65

INCI_252777
NCI 215718

+3.5| 0.61run.01
-9.4 3.53run.02

18.66
19.76

INCI_377384 -9.1) 3.31run.01 20.2

INCI_205954 -9 2.94run.01 19.89
11 |NCI_400976 -8 4.85run.01 19.57
12 |NCI_660296 -9 1.48run.01 19.77
13 |NCI_263220_a ~B.9| 3.95run.01 198
14 |NCI_402083 B %) 3.58run.01 79.91
15 |NCI_205832 -8.8 3.28run.01 19.65

16 |NCI_210816 -8.8 3.49run.01
17 |NCI_205912 -8.6) 3.31run.01
18 |NCI_214009 -B.5] 4.19run.01 1961
results-ViNAcsv' (2.7 kB) T35 INCI_343557 -84 0.27run.01 18.97

- 20 |NCI_379872 -8.3 3.27run.01 18.97
LD [V Shaet17 i T

R 4 10033 |
Sheet1/1 Default =* .- 9 @ [

18.86
19.47

Sum=93.17
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9. The open-office spreadsheet opens with the name results-VINA.csv (yellow arrow). This file that is
recorded on a results-VINA folder (orange arrow) in the PROJECT folder. With the information
presented on the results-VINA.csv file you can have an immediate overview on the quality of the VS
results. Still for a visual inspection of the results a folder is created for each ligand on the results folder

(green arrow).

+ [MOLA monitoring window] | sl resultsVINA - File Manager | & [user@pelican: ~ - Shell -

results VINA - File Manager.

Ele Edit Wiew Go Help
G user ‘t il user || tutorial-1REP |[results-VINA|| NCI_683648

@ wash | Wi NCL683648  wi NCI_380279 i NCI_303612_a il NCI_205654
58 File Systern

PelicanHPc [l File System {) Floppy Drive Wl NCI_660296 i NC|_377852 il NCI_283849 il NC|_205908

}O RICETERT: | il NCILB5910 NCI377384 @l NCI_277806 il NCI_205832
- ) veoxaoprmons_

| NCL672441  mi NCL379872  mi NCI_284234 sl NCI_205912

‘. NCI_646976 b il NCI_373427 il NCI_274905 i 1REP_ligand

(i share | s NCI_646975_a il NCI372063_a i NCI_270737_b [ results-VINA.csv
| Wi NCI637308 i NCI343557 il NCI263636 @ pdbatixt

| NCI523638_a W NCI3433¢3 s NCI_263220_a

W NCI622608 i NCI_341196 i NCI_252777

| i NCI_524615 b il NCI_340852_ b i NCI_241621

il NCI_524615_a s NCI_335506_b i NCI_228155

| M NCI408734 il NCI_332473 il NCI_215718

M NCI_402590 i NCI_321496 i NCI_214026

Wl NCI_400976 sl NC|_308847 il NCI_210816

‘u NCI_402083 il NCI_309874_a il NCI_214009

[52 items (53,5 KB), Free space: 65.8 MB

@[O0

10. On each folder you have a out.X.pdbqt file (brown arrow) that you can open with ADT to inspect all
the docked ligand conformations. Also you can find, in separate PDB files, all the docked ligand
conformations of each VINA run (black arrow), for VINA the conformation with lowest binding energy
is usually run1. These files are useful if you want of open these conformations in a different software like,
per example, Pymol. Just check the run with the lowest energy of binding on the run column of result-

AD4.csv file.

MOLA monitoring window] | i NCI_660296 - File Manager | [user@pelican: ~ - Shell -..

NCIL660296 - File Manager

fle Edit View Go Help

OXADDIT.

® oo [ - cssiioe
o 5 File System -
File System [ Floppy Drive @ runlist
O PelicanHPC @ runos.pdb
= © VeoROMONS_ || 5 107
il share @ run.06.pdb
@ run0s.pdb
© @ runoapdb
@ run03.pdb
@ run02.pdb /
@ runoLpdb
) NCI_660296 pdb
#) out.NC|660296.pdbat -
#) NCI_660296 pdbat
) log.NCI_660206.txt

-
— = = n )
G user | « |/ user| tutorial-1rEP || resuitsvina |[NCI_660296

|15 iterns (49.4 kB), Free space; 65.8 MB

In many VS projects the results-AD4.csv' file may be all the results you need and you may delete the rest
of the results files as they occupy a considerably amount of disk space (about 300 kilobyte on average per
ligand). Remember that, in the results-AD4.csv' file, you have the “how strong it binds” information

(Energy column) and the “were it binds” information (Distance column)!

We’ve reached the end of this tutorial!

Hope MOLA will we a useful tool in your VS projects!
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APPENDIX 1. Preparation steps using AutoDockTools (ADT) before using MOLA

On this appendix we will learn how to prepare the input files need for MOLA. For this we will use
AutoDockTools (ADT). For convenience, ADT is included on MOLA Live-CD distribution, however
you can use ADT on any operating system of your choice. If you have experience with ADT you

probably don't need appendix 1.

1. The files needed for this tutorial are placed on the PROTEIN ‘/home/user/tutorial-1RBP/protein/’
folder. You will need the 'IRBP.pdb’' (red arrow) file and the 'atom-types.txt' file that are already of the
PROTEIN folder.

protein - File Manager e [share - File Manager]

protein - File Manager

° = Eile Edit wiew Go Help

VBOXADDIT, ' B8 user E‘ home || user || tutorial-1rer || protein|

@ vesh
G -
e [ =58 File System 5
PelicanHPC [ File System ) Flopey Drive atom-types txt 1rbp.pdb
() PelicanHPC

() VBOXADDITIONS_ ...

Floppy Drive

|2 items (160.7 kB), Free space: 127.4 MB

2. Left click on the 1RBP.pdb file, select ‘Open with other application’ and select the Kate program. Now
you see the PDB file with the coordinates of all atoms. The RBP.pdb file contains the structure of the
Retinol Binding Protein (RBP) in complex with the natural ligand Retinol. In this case the ligand must be
removed from the PDB file before docking with AutoDock4 or Vina. Also waters and other non-protein

compounds are removed. Highlighted we see Retinol atoms (indicated by the RTL abbreviation).

1REP - File Manager % Default Session: LRBR.pd... D
x

Default Session: 1RBP.pdb - Kate

File Edit Document VMiew Bookmarks Tools Sessions Settings Window Help

B QO BE & 0«3 MK IAAQ

ATOM 1401 TYR 173 47.441 26.088 52.843 1.00 33.48 o, B
ATOM 1402 N cYs 174 44,619 28.164 46.710 1.00 3B.08 [N
ATOM 1403 CA COYS 174 44.658 26.8901 46.003 1.00 38.84 c.
ATOM 1404 C cYs 174 45.017 27.045 44.519 1.00 42.22 c.
ATOM 1405 O cYs 174 45.047 28.161 43.976 1.00 44.81 o .
ATOM 1406 CB CYs 174 43.296 26.212 46.181 1.00 34.12 c.
ATOM 1407 SG CYS 174 42.931 25.862 47.926 1.00 32.486 S
1408 N ASP 175 45.305 26.021 43.905 1.00 44.75 [N

TER 1409 ASP 175 . ..., E P

ﬁi Filesystem Browser @ Docurnents
»
5]
=

a
A
A
a
A
A
a
A
A
a
A
A
a
A
a
A
A
a
A
A
a
A

Wlilcononononnon

HETATM 1423 cC14 RTL A 183 36.268 R
[Line: 1,841 col: 47 || |[iNS [ NORM |[1REP.pdb ]

4 Find in Files |=& Terminal

I = | il @ | [©) | 20t o os smanese =

22



3. Select all lines starting with HETATOM and CONNECT and delete them. ATOM lines refer to atoms

belonging to the protein, HETATOM lines refer to atoms that do not belong to the protein but are

interacting with the protein (ligands, co-enzymes, waters, etc). After deleting the lines, the end of the file

should be something like this:

1RBP - File Manager

Default Session: 1RBP.pdb [mo

4y Default Session: 1RBP.

File Edit Document View Bockmarks Tools Sessjons Settings Window Help
- ¥ i . 3 roh y \
DR O0 HE = 0 +vd DK AKX
f_c" ATOM 1390 N TYR A 173 44.688 30.838 47.241 1.00 33.90 N B
@ | | ATOM 1291 CA TYR A 173 45.392 29.908 48.134 1.00 37.95 C.
g ATOM 1392 C TYR A 173 45.842 28.570 47.471 1.00 39.97 C.
ATOM 1293 0 TYR A 173 45.705 27.980 47.671 1.00 42.20 0.
O || atom 1394 CB TYR A 173 44.614 29.614 49.454 1.00 40.086 C.
% ATOM 1395 CG TYR A 173 45.345 28.693 50.453 1.00 40.864 C.
= ATOM 1396 CD1 TYR A 173 45.492 29.120 51.106 1.00 42.13 C.
; ATOM 1397 CDZ TYR A 173 44,803 27.393 50.648 1.00 41.77 C.
L‘% ATOM 1398 CEl1 TYR A 173 47.184 28.242 51.920 1.00 39.67 C.
= ATOM 1389 CEZ TYR A 173 45.588 26.5089 51.458 1.00 37.82 C.
@ || ATOM 1400 CZ TYR A 173 46,723 26,949 52.082 1.00 37.84 C.
% ATOM 1401 ©OH TYR A 173 47.441 26,089 52.843 1.00 33.48 Q.
@ | ATOM 1402 N CYs A 174 44,612 28,184 46.710 1.00 3B.08 M.
Y- ATOM 1403 CA CYS A 174 44,858 26,901 46.003 1.00 3B8.84 C.
@ ATOM 1404 C CYs A 174 45.017 27.045 44,518 1.00 42.22 C.
ATOM 1405 O CYs A 174 45.047 28,161 42.976 1.00 44.81 0.
ATOM 1406 CE CYS A 174 43,296 26,212 46.181 1.00 34.12 C.
ATOM 1407 SG CYs A 174 42,931 25.862 47.926 1.00 32.46 S
ATOM 1408 N ASP A 175 45,305 26.021 43.905 1.00 44.75 N
TER 1409 L
[ENEL 6 oo ooo0eBER000B00000600000606000060600006060000506000060600006060000606000000000000
| Line: 1,829 col: 1 |4 |
-4, Find in Files [® Terminal
T e

4, Save this file with a name like 1RBP_receptor.pdb on the 'home/user/tutorial-1RBP/protein/' folder

(yellow arrow). Close the file.

E B-- Wi protein - File Manager & 1rbp_receptor.pdb-Kate . [share - File Manager]

®°

1rbp_receptor.pdb - Kate

Eile Edit Document View Bookmarks Tools Sessions Settings Window Help

[§ Filesystem Browser .| Documents

4; B [i a = | € Save - Kate + O X
1rbp_receptc ﬂgm iz; E G 0 E} ﬁ.q [ﬁe,’user/tuturia\—lRBP,fprotein,f|'Huth "] =
ATOM 1353 0O
ATOM 1334 ¢ [ )Desktop > 1rbp pdo
ATOM 1395 (] (4 arom types it
ATOM 1356 @ Home Folder
ATOM 1397 ( .
ATOM 1398 | ™ Storage Media
ATOM 1398
ATOM 1400 ¢ QNetwork Folders  Location: llrbp_receptor,pdb |v” Save ]
Mon 102 N iter:  [AlFies [+] [cencel ]
ATOM 1403 =
ATOM 1404 ( =
ATOM 1405 Of
ATOM 1406 CB CYS A 174 43.296 26.212 46.181 1.00 34.12 Q.
ATOM 1407 sSG CYS A 174 42,931 25.862 47.926 1.00 32.486 g
ATOM 1408 N ASP A 175 45.305 26.021 43.905 1.00 44.75 N
TER 1408 R R S
O N

O

|Line: 1,829 Col: 1 [&3]INS | NORM [1rbp_receptor pdb

| EEE

K8 2]

4, Find In Files @ Terminal

I + = s @ -
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5. Next Re-open 1RBP.pdb and remove everything except the ligand Retinol (the quickest way to do this

is to: copy Retinol, then delete all the text and then paste Retinol). Then save this file with a name like

1RBP_ligand.pdb. Retinol atoms are indicated by the RTL abbreviation. This step is not needed if you

don’t want the ligand to be docked in the VS project but it is usually advised as the ligand is a good

control for assessing the quality of AutoDock4 and Vina docking results.

D - protein - File Ma

nager

& 1rbp.pdb [modified] - Kate

[share - File Manager]

L = HE = @«

&% 1rbp.pdb [modified] - Kate

5 S

Eile Edit Document Vew Bookmarks Tools Sessjons Settings Window Help

HETATM 1410 C1 RTL 183 29.811
HETATM 1411 €2 RIL A 183 29.353
HETATM 1412 C3 RIL A 183 30.405|%

21.373 45.313 1.00 29.70

HETATM 1413 C4 RTL A 183 30.678
HETATM 1414 C5 RTL A 183 30.870
HETATM 1415 C6 RTL A 183 30.391
HETATM 1416 C7 RTL 183 30.414
HETATM 1417 C8 RITL 183 31.534
HETATM 1418 €S RTL 183 31.815
HETATM 1419 C10 RTL A 183 32.869
HETATM 1420 C11 RTL A 183 33.241
HETATM 1421 C12 RTL A 183 34.527
HETATM 1422 C13 RTL A 183 34.959
HETATM 1423 C14 RTL 183 36.268
HETATM 1424 C15 RTL 183 36.758
HETATM 1425 01 RTL 183 38.122
HETATM 1425 C16 RTL A 183 28.241
HETATM 1427 C17 RTL A 183 30.456

[§ Filesystem Browser  -Documents

Save File - Kate
@ (GRS |5 sertutorial-1RBP/protein/ [ ~ | [ut8 [-]
) 1rbp.pdb
Desktop "] 1rbp_receptor.pdb
N Home Folder atom-types.bd
™ Storage Media
@Network Folders Location: |1rbpiligand.pdb B T
Eliter:  [all Files ][ cancel |
¥5.005 1.00 23.35

HETATM 1428 (18 RTL
HETATM 1429 C19 RTL
HETATM 1430 C20 RTL

FPEEPEEFEFEFEEERERERRR R R

Line: 21 Col: 81 || INS | NORM | 1rbp.pdb

183 31. 1789
183 30.295 19.156
183 33.882 18.609

50.116 1.00 33.51
54.109 1.00 29.77

. Find in Files & Terminal

_*

iw @] 10114

6. Close all text files, then open a Console (click the black box on the bottom) and type the command line

‘TunAdt’ to open AutoDockTools. ADT is being opened from the CD so it may take a few moments.

Select ‘AutoDock 4.0’ and click ‘Dismiss’.

AutoDockTools

@ AutoDock Mode:

;_1; ™ user@pelican: ~ - Shell -... | €&
-

user@pelican: ~ - Shell - Konsole

Session Edit Wiew Bookmarks Settings Help

User@pelican:~$ runAdt
Run AutoDockTools from /i er/1ib/python2.5/site-p
Resource file used to custOWjze PMV: /home/user/
ﬁpengl extension GL_EXT_packemdepth_stencil is

File
ac

Edit

Select 3D Graphics

Display

Color

Compute

Hydrogen Bonds ~ GridaD  Help

.m
noj

HAEs 2 [E| o

&l

Mod,

ADT40] Ligand  Flexible Residues

Mone

o Aut
- AutoDock 4.1
# AutoDock 4.0
« AuoDock 3105

Disriss

Time:[0.002  Selected!

Grid

Docking

Run

Analyze

Spinoff_— | FR| 34 |@@
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7. Now let’s prepare the protein receptor. The quickest way is to click on the 'Dashboard’ button (orange
arrow). Then click on the right mouse button on ‘PMV Molecules’ (pink arrow) and open the

1RBP_receptor.pdb file recorded on step 4 (brown arrow).

@ user@pelican: ~ - shell -... | & AutoDockTools o] AutoDockTools

o AutoDockTools

sel| w|[ovD w|{je. Lines S8B_ Leb Mol RAS
. CBK_ Bib. _Aom , Chain Sk
Pt Molecules #oColo o8

File Edit Select 3D Graphics Display Color Compute HydrogenBonds Grid3D Help

raEc PN EImee 2

ADT40 Lgand  Flexible Residues  Grid  Docking  Run Analyze

o Read Molecule:

Directory: fhomefuserttutarial- 1RBP/protein —-|

E1 Trbp.pdb
B 1rbp_ligand.pdb
B 1rbp_receptor.pdb

¥ .
File name: [Trbp_receptor.pdb Open

Files of type: A\Isuppunedﬂ\es(*‘cm*‘mu\Z,*‘pdb.".pw‘j gance\|

Mod.: None Time:|0.033  Selected: 0 % Spinoff —|FR:| 33 |Q &

8. Then click on ‘Edit>Hydrogen>Add’ menu. Select the ‘All Hydrogen’, ‘noBondOrder (for PDB
files...)’ and the ‘Yes’ options. PDB files don't usually have hydrogens but we need them for AutoDock4
and VINA so this step adds them.

¥ AutoDockTools ¥ AutoDockTools = yser@pelican: ~ ... il 1RBP - File Manag...

AutoDocklools 4+ _ 0 X

File  Edit| Select 30 Graphics Display Color Compute  Hydrogen Bonds  Grid3D Help
E | Undo computeGasteiger :0'@ ﬁJ =]

Delete
ADTA0 Bonds Grid Docking Run  Anahze

Atoms
Charges
Hydrogens o - - - o
hisc Add

color palettes Merge Mon-Polar

Fix Pdb Names

Edit Histidine Hydrogens

Mod.: |[None Time:|3.293 Selected: Spinoff — | FR:| 1.3 [P
@ AutoDockTools

T w|feME U 588  Lab Mol  RAS DG Inst F
Sl [ Hide o e e e Cnain . sHa o SeE -
+ PhY Molecules goocood <><><><><>§'><>

B %irEP_receptor O O @ OO O[] SOOOOOL
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9. Then click on the ‘Edit>Charges>Compute Gasteiger’ menu to add charges to all atoms. If you don't
have experience with ADT play around with the protein structure to familiarize yourself with the

software.

£ AutoDockTools | £F AutoDockTools & yser@pelican: ~ ... i 1RBP - File Manag...

AutoDocklools 4+ _ 0 X

File  Edit| SZelect 3D Graphics Display Color Compute Hydrogen Bonds GridsD Help

=6 @& =

Grid  Docking Run  Anahze

rj | Undo computeGasteiger
——— Delete

ADT40 ponds

Atoms

Charges B - _________
Hvdrogens Add Kollman Charges
Misc Compute Gasteiger
color palettes Check Totals on Residues
Set Charge Field

Mod.: |None Time:|5.150  Selected: Spinoff — [FR: 1.2 @ W

@
sel.[ w|[CMD ¥ bﬁi?’:;e‘LinesCPKS&B LR Mol RAS_ DG g st 3
¥ PhY Molecules 0 OOOOD<><><><><><>€><>
B %iREPreceptor 0 0 @O OOLHSOOOOOO0
‘e ‘- i “) @] 1516

10. Finally click on the ‘Edit>Atom>Assign AD4 type’ menu.

| - ¥  AutoDockTools ¥ AutoDockTools & yser@pelican: ~ ... Wil 1RBP - File Manag...

npio AutoDockTools 4+ - 0 X

File  Edit| =elect 3D Graphics Display Color Compute Hydrogen Bonds  Grid3D Help

| e i E0e @

ADTAO Bonds esidues Grid Docking Run  Anahze

Himies 0 M=o
Charges Assign Radii
Hydrogens Edit Type

Misc Type

color palettes Assign AD4 type

Mod.: [None Time:|13.477 Selected: ) Spinoff — [FR: 0.2 [Q@ W

o
sel:[ w|[0MD ¥/ bﬁig\:se‘LinescpKS&B o o0, Mol RAS DG o int 3
¥ Phv Molecules DOOOODOOOOOO%O .
P ¥IRBPrecepor 0 0 @O COOCSOOOOO0
‘il ‘i el ) @] 15113
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11. Now save the protein receptor in the PDBQT file format need for AutoDock4 and Vina. Click on the
‘File>Save>Write PDBQT’ menu.

¥ AutoDockTools £ AutoDockTools = yser@pelican: ~ ... wal 1RBP - File Manag...

AutoDockTools 4+ - 0O X

File | Edit Select 30 Graphics Display  Color  Compute  Hydrogen Bonds  Grid3D Help

oo Ry~ [ =[MONS 2

= Read
' Recent Files fResidues Grid  Docking Run  Anahze
Save | ———

Current Session
Browse Commancds

Remowve Command Write PDB
Load Macros Write PDEGH
Write PDBRS
Preferences ~ \rite PDRGT
B Write MMWCIF
Write PQR

Write VEML 2.0

Wirite STL
Mod:[Mone  Time:[2.1 =olorfap Sone 10 Spinoff_— |FR:| 15 |@ @
Save Image As
@ AutoDockTools
o
T wfovD ¥ Lines S&8  Lab. Mol RAS DG o Inst F
sel = > Midese ™ Pk Rib._ atom  Chain _ SHA _ oo

¥ PhV Molecules gooo
b %iRBP_receptor O O @ OO

P4

o
o

COOCOTO -
OCOOOOOC

W @] 15:23 -

9
o
-

12. Don’t forget to save it in the PROTEIN folder (red arrow), in this tutorial it's the 'home/user/tutorial-
1RBP/protein/' folder. Click on the ‘Browse’ button, go to the project folder and use a file name like
1rbp_receptor.pdbqt.

‘_-,E; o AutoDockTools o AutoDockTools Wi protein -file Manager @ [user@pelican: ~ - Shell -

AutoDockTools @ AutoDockTools
RAS

sel:| w|[cMD w[{ige, Lines SiB_ Lab Mol
© PMY Molsoules FoBol® A% <>Cham<>s<H>;
b irbp_receptor 0 O . CQO0OLOHOOS

File Edit Seledt 9D Graphics Display Color Compue HydrogenBonds GriddD Help

HEY 2N Emee (@

ADT40 Ligand  Flexible Residues  Grid  Docking  Run Anahze

’;Ner\ame: [lromeluseriutorial- 1RBPTprotein1p_receptor pabdl BROWSE
-~ PDB Records

Avallable PDB Records: PDE Records to be %et

[ATOM Records | 7o REMOVE
AUTHOR =l SHEET

COMPND HELX

CONECT Add

CRYST1

— Other write op
1 Sort Nodes
1 Save Transformed Coords

Avallable Bond type: 1 BuitByDistance i File

Cancel

Mod.:|None Time: |0.563

27



13. Now we are going to prepare the ligand (retinol). Click on the ‘Ligand>Input>Open’ menu (blue

arrow). Then choose the 1rbp_ligand.pdb file recorded before from the PROTEIN folder (yellow arrow).

You need to select the ‘pdb files (*.pdb)’ option on the ‘Files of type’ menu.

ADT40 Ligand  Flexible Residues

Grid

Mod.[None  Time:[5.781 Selected:

Y Files of type:  PDB files: (*pab)

Docking  Run  Analyze

d File for AutoDocka:

Directory:  /home/userfutorial-1RBP/protein

B 1rbp.pdb
B 1rbp_ligand pdb
B 1rbp_receptorpdb

=

File name: [Trbp_ligand.pdb ‘

I

‘g e}
2 |o
il

[

Spinoff —[FR:[ 35 B

= m . AutoDockTools E.3 AutoDockTools W protein - File Manager  ® [user@pelican: ~ - Shell -
@ AutoDockTools (ws) AutoDockTools
i -
File Edt Select 3D Graphics Display Color  Compute  Hydrogen Bonds  GridaD  Help Sel, ¥|[evD ¥ Hide, ‘Lmssc KS&B bLabAl mMU(‘Zha\?ASSHl
(" § == =3 5 & PMV Molecules ﬁ [©] (5 O % OO0
EiEe SN [E[™ee] (2 b o receptr B0 @O0 OOSSIIS

14. The retinol molecule opens on the display window. To save the ligand on the required PDBQT file

format click on ‘Ligand>Output>Save as PDBQT...” menu (orange arrow) and save the ligand on the

tutorial-ligands folder 'home/user/tutorial-1RBP/ligands/tutorial-ligands’ folder (pink arrows) using a

name like ‘1rbp_ligand.pdbqt’. On the tutorial-ligands we already have 49 compounds of the NCI

Diversity set II compound dataset to test MOLA. It's also available the complete NCI_Diversity set II in

PDBQT format, totalling 1542 compounds. To see only the ligand you can use the dash board were you

have several option to manipulate the molecules on the display (brown arrow). Quit ADT.

Mod.:[None  Time:[132.94E Selected

pin off — | FR:

37 [ @D

et 3 AutoDockTools L] AutoDockTools (ligands - File Manager] @ [user@pelican: ~ - Shell -,
[} AutoDockTools @ AutoDockTools
O .

File Edit Select 3D Graphics Display Color Compute  Hydrogen Bonds GriddD  Help Sel, ¥|[evD ¥ [ ide. \Lmesc KS&B bLabAl mMa\Cha‘Fn%ASSH;
S S~ == - ¥ PMV Molecules ETO(%O%D&() <
= iEs 5T [E|=Be @ P e 80 00000 0ISSY

# 1rbp_ligand
ADT40 Ligand Flexible Residues  Grid  Docking  Run  Analyze rop_lgan SOOOO
y 2

V 4| =

I3 Formatted Autotors Molecule File: x

Cirectory: _fhomeluserftutorial1RBPfigandsriutorial igands  — |

[&NE_z05832 pdbat
B NCI_205309 polbgt
B NCI_205912,pclbgt
B NCI_205954pchgt

E) NCI_2 14026 pdbqt
EINCI 2157 18.pdbgt
EINCI_228155pdbgt B NCI_274305 pdbat

I : Bl NCI_263636.pdbat
EINC| 241621.pdbgt B NCI_277806,pdbqt

B NCI_270737_bjpdb|

B NCI_210816,pdlbgt
B NGI_214003 pclbat

R — =

cancel |

EINCI_252777.pdbat B NCI_283843.pdbat
EINCI_263220_a.pdbat B NCI_284234pdbat

File name: [fhomefuser/Trbp_ligand pcbqt

Files of type: PDBGT files: (*pelbat)
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15. Now we have the protein and ligand files on the appropriate PDBQT format. For AutoDock4 we
need to make atom grid maps that can be created with AutoGrid4 software. On our system AutoGrid4
only works on the \home\user' folder so we need to transfer a copy a 1rbp_receptor.pdbqt file created

before on the PROTEIN folder (red arrow) to the "home\user' folder (blue arrow). Just drag-and-drop the
file.

‘u protein - File Manager J

' r o protein - File Manager
- I di |
Fle Edit View Go Help
\VBOXADDIT. -
i3 user \ = | home || user|| tutorial-1RBP {pmtein‘
-  masn ™ 1bp_receptorpdbat

' == File System

[ loppy orive @ 1rbp_ligand.pdb

(©) pelicankpc @ 1rbppdb
() VEOXADDITIONS _

Floppy Drive

"1rbp_receptor.pdbat" (135.2 kB) plain text document

16. To create the atom grid maps re-open ADT, click on the ‘Grid>Macromolecule>Open...’ (yellow

arrow) menu and select 1rbp_receptor (green arrows). The protein opens. Click "Yes' to the windows that
appear.

E @) user@pelican: ~ - Shell - .. £¥ AutoDockTools

I AutoDockTools
File  Edit Select 3D Graphics

Display Color Compue  HydrogenBonds  GridaD

FEY PN ™o (2

Grid  Docking Run  Analyze

Tloxonclu (K

Macromolecule Fil

Directory: Ihomefuser 4

&1 cache €1 mgitools & tmp

&1 .config €1 .openofiice.org? €3 tools

& dierc = €1 tutoriat 1RBP

&1 kde & ssh B 1rbp_receptorpdbat
€ Jocal €1 thumbnals
& .mcop & share

File name: [Trbp_receptorpdbat Qpen

Files of type:  PDBGT files (* pdbat) =

Cancel |

5 [Mod.[None  Time:[0.002  Selected pin off — | FR:

30 @@
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17. Then click on ‘Grid>Set Map Types>Directly...” (orange arrow). Now we select the atom grid maps
we want ADT to generate. Because we are using many compounds we generate atom grid maps for all the
possible atom types. The atom types are the following 29:

ABRBrCCACaCLCIFFEFeHHDHSI

MG Mg MN Mn N NA NS OA OSP S SAZN Zn

As ADT can only make 20 maps at a time we will make the atom maps in two AutoGrid4 steps. Copy
paste the atom types from the first line (A to I) (pink arrow). A file called atom_types.txt is available on

PROTEIN folder if you want to copy paste the atom types directly (brown arrow).

_‘,E &  atomiypesbi-Kate 8l user@pelican: ~ - Shell-... | & AutoDockTools o« AutoDockTools
wplo AutoDockTool's, + - 3 x [ui AutoDockTools
m ‘

File Edit Select 3D Graphics Display Color Compute HydrogenBonds Grid3D Help sel ¥|[onD ¥ [Tige. nes  SEB_ Lab, Mol RA:
Lim—— ’ = [ = - & PMV Molecules EO&O%D&Q <
{EEL 5" |E™ee] & b i reentr 00 @O OOOESSE
[l [ADT40  Ligand Flexible Residues  Grid  Docking Run  Anabze
&
R
o
0

D AutoGpfa Ligand

Map Types: [CL CI F FE Fe HHD HS |

™ atom-types.txt - Kate
Accept I Close I e 2

Eile Edit Document View Bookmarks Tools Sessions
Seftings Window Help

HE =0 o

MG Mg MN Mn N NA NS OA OS P S SA ZN Zn \

Documents

3
S
£
@
£
2
o
ks
=]

Line: 1 Col: 40 INS | NORM |atom-types b

Mod.:[None  Time:[0.027  Selected: pinoff — |FR:[ 33 [@ Endinfiles | Termingl

W (@

18. Now select ‘Grid>Grid Box’ menu to open the 'Grid options' window (red arrows). To select the
'Center Grid Box' on retinol open the 1rbp_ligand.pdbqt recorded before (blue arrow), then click on the
'Center>Pick an atom' menu (yellow arrow) and click an atom of retinol on the display window. The
center of the grid will re-center on the selected atom. Size and position of the Grid depends on the protein
structure used and the objective of each study. Then click on the ‘File>Close saving current’ menu to save

the grid settings (green arrow).
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19. Then click on the ‘Grid>Output>Save GPF...” menu and save a gpf (grip parameter file) file on the
PROTEIN folder with a name like 1RBP.gpf (red arrow).
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20. Finally we start AutoGrid4 to generate the atom grid maps. Click on the ‘Run>Run AutoGrid...’

menu (pink arrow). If everything is OK click ‘Launch’ (brown arrow).
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21. An ‘AutoDock Process Manager’ window appears and you can monitor atom grid map creation.
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22. Check on the Shell Console for the ‘autoGrid4: Successful Completion’ message indicating that the
atom grid maps are complete. By now you should see the atom grid maps on ‘/home/user’ folder. Repeat
steps 17 through 21 but for the second row of atom types in order to have all the 29 atom type maps. The
maps are created on the '"home/user' folder, so you need to transfer them to the PROTEIN folder (red
arrow). This step is not mandatory but remember that the atom grid map files are on transient RAM
memory and if your computer turns of for any reason the files disappear. It’s always a good idea to use a
USB-flash drive. Also if all files needed for the next step of Virtual Screening are placed on the same
project folder the organization will be simpler. Now you have all files needed for using MOLA with

AutoDock4 and Vina.
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I AutoDockTools
— = proteln - rile Manager P
File: Zdit Scleet 30 Graphics Disaley Color [
Fic Edit Miew Go Help
e Fl =0
== —’]j e & wer < i@ user || tutoratinsr |[aratem

A3T40 Ligand  Flexiole Residues  Grid  Dockng  Run| | () mash

1w (K

7] Libp recsptor.Z1.map (7] 1rbp receptord.msp 7] Libp receptor Brmap
=5 Fla Systam

4 Floppy Drive
slicanHPC

1) Lrbp_recsptor.Z\.map 2] rbp_receptormapsxyz (2] lrbp_receptor BR.map

(7] 1rbp_receptormapsfid ) 1rbp_receptor A, map
@ 1Rergg
@ 1RAPgAF

OXADDIIIONS_.

@ b

[7] 1rbp recsptor.0S.mep (7 1rbp receptorHD.map 7 rbp receptorpcbat

[#) Lrbp_recsptor.OA.mzp @) libp_receptorH.map @ lrbp_receptorpcb
@ ubp_ligand pdb

@ 1rbp.pdb

T -5 -0 -8 ~c3p

& 1rbp_receptor.N.map

@ 1rbp_receptorf.mas

[2) 1rbp_receptorMn.mep (@ 1rbp_receptorcLrap

[#) Lrbp_recsptorMN map @ Lrbp_receptorclmap

@ 1rbp_receptorc.map

Mod:[None  Time|C.045  Selected

32



APPENDIX 2. Using VirtualBox for booting

The standard way yo use MOLA is by CD booting using the MOLA Live-CD burned from the available
MOLA.iso file. However you can also use VirtualBox to boot MOLA without burning a CD and without
restarting your master computer. In this case you just need to download the MOLA.iso file and follow
this Appendix instructions. This options seems to work well for me although it was not extensively tested.
Advantages for using VirtualBox are: (1) saving a CD, (2) possibility to capture sessions so that you can
immediately restart were you left off, (3) you are able to continue to use your computer while doing a VS
project and finally (4) you have the possibility to use the hard-disk instead off a USB-flash drive. The

main disadvantage is diminished performance.

1. Go to the VirtualBox site http://www.virtualbox.org/ and download the appropriate version. There are
versions for Windows, Macintosh and Linux. For example this tutorial was done on a Ubuntu (Linux)
system with VirtualBox installed and MOLA system started from the MOLA.iso file. Once you have
installed VirtualBox open it, you should have the following screen whatever operating system you use.

Some parts are in Portuguese, sorry about that!

Maquina Ajuda

D & D

Novo Definicdes Iriciar D

x»
Tigo de Sistema Operativo: Wirdows XP

@ system
Memoria principal 1430MB {17}
Processoris) 1
Ordem de Arranque: Disquete, CD/DVD-ROM,
Disca Rigido
VT-X/AMD-: Activado
Nested Paging: Activado

Display
Memoria Grafica: 16MB {17}
Aceleraao 3D:
2D Viceo Acceleration
Femote Display server:

1 xp
0! @ Desligado

(@ Armazenamento
IDE Cantroller
1DE Primary Master: xp.vci (Normal, 10,00 GE) e ~
IDE Secondary Slave (CO/DVD):  VBOXGUestadditicns.iso ?
(21 )
Flcppy Controller
Floppy Device C: Empty

T : § SunVirtualBox

2. Click on 'New' icon and create a new virtual machine. I named it MOLA and selected as operating

system Linux-Debian as MOLA is based on the Debian Live Distribution.

Nome da MV e Tipo de Sistema Operativo

Enter a name for the new virtual machine and select the
type of the guest operating system you plan to install onto
the virtual machine.

The name of the virtual machine usually indicates its
software and hardware configuration. It will be used by all
VirtualBox components to identify your virtual machine.
Nome

[Mola

Tipo de Sistema Operativo

Sistema Operativo: ‘ Linux

Version: ‘ Debian

‘ < Para tras | | Préximo > | ‘ Cancelar ‘
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http://www.virtualbox.org/

3. Then select the RAM memory you want use. 512 MB is the minimum value when using MOLA but

1024 MB is advisable. For your master computer node you should use the more powerful computer with

more RAM memory. You can assign to VirtualBox up to half the RAM memory with confidence. Click

‘Next'.

Meméria

Seleccione a quantidade de memaria (RAM) em megabytes a
ser alocada para a maquina virtual.

0 tamanho recomendado para memaria principal é de 256
MB.

Memoria Principal

| (1024 |MB

2560 MB

< Para tras | |Er6ximo:- | | Cancelar

4. Select 'boot hard-disk (Primary Master) > Create new hard disk, then select the 'dynamically expanding

storage' option and the 8 Gb default value for the MOLA hard-disk. You should see the next screen. Click

'Finish'.

You are going to create a new virtual machine with the
following parameters:

Nome: Mola

Tipo de Sistema Operativo: Debian

Memodria Principal: 1024 MB

Boot Hard Disk: Mola.vdi (Normal, 8,00 GB)

If the abowve is correct press the Finish button. Once you
press it, a new virtual machine will be created.

‘| Note that you can alter these and all other setting of the

created virtual machine at any time using the Settings
dialog accessible through the menu of the main window.

< Para tras || Terminar | | Cancelar
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5. The Mola system now appears on VirtualBox. Click the 'Start' icon, Mola system starts on a new

window. Now a screen asks for the boot device. Click the icon shown by the blue arrow.

43 Aplicagbes Locais Sistema ) g @ [~ KT X E - s
N
©
Fichciro Miquina Ajuda
& Detalhes [ Cepturas | @ Descricso
5 [ Geral

Nome:
Tipo de SisterngiEERTRSEES

~ Mola
() @ Destigedo

[ system
@ xp Meméria Prindif
xp] @Desligedo Processor(s)
Orcem de Ara
VT-X/AMD-V:
Nested Paging:
pisplay Seleccionc o tipo de dispositivo que cescja usar para a
vemoria crifi instalacao.
Aceleragic 2D : s
Svis Tipo de Dispositivo
Remote Displa ® Dispositivo de CDDVD-ROM

@ Armazename __ O Dispositivo de Disquete

1DE Controller -
1DE Primary = seleccione o dispositivo que contém o programiyde
50 do sistema operative cue deseja instgr. Este.
IDE Secondat ositivo deve poder armancar a maguina virtuaBgaso
rario 0 programa de irstalacao Nao poder inic

ivo de Origem
[ Host Drive HL-DT-ST DVDRAM GsATSOL (sr0) [ v [

Proximo > | [ Cancelr

ado] - 5u... [ [Frontend - Navegador

6. Click the 'Add' (yellow arrow). You will be asked to selected a ISO file, select the MOLA.iso file you
downloaded earlier. The MOLA.iso file should now appear on the window (green arrow). Make sure to
add the VBoxGuestAdditions.iso as this will be important in a few moments. Now click on the' Select'
button.

@)

Accbes

S

Adicionar  Remover Libertar | Actualizar

5 i@ Imagens de CD/DVD \f = Imagens de Disguete

Nome ¥ | Tamanho

MOLA.iso 492,84 MB
VBoxGuestr itions.iso 28,45 MB

binary.iso 492,84 MB

Localizagdo: /homejrui/Area de Trabalho/MOLA.iso
Ligado a: Ndo Conectado

Cancelar | |§elecci0nar
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7. Now MOLA system starts just has it would start if you booted from the CD like it's described on

PART1 of this tutorial.

©

Ficheiro Maquina Ajuda

@

Novo

(@ 3% exeucso

Definicies Mostrar Descartar

i L .

B 28 © esigado

-

2 Start Debian Live

B Start Debian Live (fail-safe mode)
- Hemory tes

Descartar o estado gravado méquina virtual seleccionad

[l § .

QO& P @ & Bc Direito

Default English (UK} INSRT [sTD [ | [GERM @ ————e—— ® [130%
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8. Follow the same instructions until the MOLA system has started, you should see a windows like this.

From this point you can assemble the cluster as described on PART 1 of this tutorial. However a few

more steps are described that facilitate the use of MOLA with Virtual-box.

0A®

Ficheiro Méquina Ajuda

Novo Definicoes Mostrar Descal
_j Mola
(C o Em execucgo

T
@© Desligado

PelicanHPC

m1

Floppy Drive

Il

Hom:

File System

>
Q@F @1 & [ Direito

[MOLA-tutoriz utorial-MOLA. doc - p @ Mola [Em e
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9. We will now install the VirtualBox Guest Additions tools. This tools are important for 3 reasons: (1)
allows auto-scaling of MOLA window, (2) MOLA window will work seamlessly with the host system
(no need to press Ctrl-Alt-Del to leave from MOLA window to the host system) and more importantly (3)
allows the creation of a link to access the host file system (host hard-disk drive). First double click on the
VBOXADDITIONS_3.1.6.59338 icon on the Desktop. Then open a Terminal (click the mouse right
button and select 'Terminal' option) and type this command (red arrow):

'sudo sh /media/VBOXADDITONS_3.1.6.59338/VBoxLinuxAdditions-x86.run'

After a moment the VirtualBox Additions are installed.

ser@pelican: ~ - Shell - ...

user@pelican: ~— - Shell - Konsole

Session Edit View Bookmarks Settings Help

user@elican:~$ sudo sh /media/VBOXADDITIONS_3.1.6 59338/VBoxLinuxAdditions-x86.run
Werifying archive integrity... All good.

Uncompressing VirtualBox 3.1.6 Guest Additions for Linux

WirtualBox Guest Additions installer

Building the VirtualBox Guest Additions kernel modules

'Your guest system does not seem to have sufficient OpenGL support to enable
accelerated 3D effects (this requires Linux 2.6.27 or later in the guest
system). This Guest Additions feature will be disabled.

Building the main Guest Additions module ...done.

o [Building the shared folder support module ...dore.

Doing non-kernel setup of the Guest Additions ...done.

Starting the VirtualBox Guest Additions ...done.

Installing the Window System drivers

Installing X.Org Server 1.4 modules ...done.

Setting up the Window System to use the Guest Additions ...done.

'You may need to restart the hal service and the Window System (or just restart
lIithe guest system) to enable the Guest Additions.

& Desktop Menu

m | graphics libraries and desktop services components ...done.
i3 Run Program... |an:-~4 ]

s
@& F @ & 3cil Direito

10. To enable VirtualBox Additions you have to 'log out' the system (blue arrows) then restart writing

'startx' at the command line.

e s ey o) el R e s
[You may need to restart the hal service and the Window System (or just restart
the guest system) to enable the Guest Additions.

nstalling graphics Libraries and desktop servi
user@pelican:-g [] & @

Log out Restart || ShutDown | &

¥ Save session for future logins

B
8O&F @1 © FcuiDireito
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11. Now we are going to create a link to the host system. Create a 'share' folder on 'home/user/' folder (we

name it share but you can use any other name (yellow arrow).

O®®

user - File Manager

user - File. Manager

Fle Edit View Go Help

izH user
@ Trash

[3] Desktop
=8 File System
H Floppy Drive

(7)) PelicanHPc
Floppy Drive

() VBOXADDITIONS 3....

< aauser|

tutorial-1REP

MOLA-AD4v1.0.sh MOLAMINAYL. sh

B

Desktop

tutorial-MOLA. pdf

\"share" (1024 B) folder

12. Open the 'Device>Share Folders...' menu.

Mégquina Ajuda
= CD/DVD Devices
Floppy Devices

Network Adapters...
Pastas Partilhadas...
Dispositivos USB

Instalar Adicoes de Convidado...

- 0 \ @ | 14:51
©O&FF @ @ FcuDireito

[l ile Manager

Host+D

m Trash
[5] Desktop

=8 File System
H Floppy Drive

(7) pelicanHpc

(") VBOXADDITIONS 3.

MOLA-AD4V1. 0.sh MOLAVINAVL.sh tutorial-MOLA, pdf

I"share" (1024 B) folder

BOFFE 1 @ RcuDireito 4
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13. On the 'Shared folders' window click the 'Add' button (black arrow) and select the folder (red arrow)
from the host you would like to share (in this example the '/home/rui' folder) and give a name to it (in this

example the name is 'share'). Click 'OK'

Oe®

@)
o M Folders List

Nome Localizagao

t Pastas da Maquina

B Pastas Transientes

@ Adicionar Partilha

Localizagdo da Pasta: [E.‘i Jhomejrui

Nome da Pasta: | share

] Apenas leitura

Tornar Permanente

Cancelar | | oK

14. Open a Terminal and type this command (blue arrow):
sudo mount -t vboxsf -0 uid=1000 share /home/user/share
Now if you open the /home/user/share' folder you have a direct link to the Yhome/rui' folder from the host
system (orange arrow). You can use this folder as any other folder from the system. What this means is
that you can select the input files for your VS project from on a PROJECT folder on the the host hard-

disk drive instead of on a USB-flash drive. And of course the results files will also be recorded there.

Mola [Em execucdo] - Sun VirtualBox
na Dispositivos
P | . share - File Manager & user@pelican: ~ - Shell - ..,
. =

user@pelican: ~ - Shell - Konsole

Session Edit View Bookmarks Settings Help
7 user@elican:~$ sudo mount -t wboxsf -o uid=1000 share /hnme/user/shareﬂ &

™o share - File Manager

File Edit \View Go Help

ial] user 4 ||l user share‘
@ Trash [ —

B Descr o

[=5§ File System Fotografias
H Floppy Drive

Q PelicanHPC 7 |i

(©) vBOXADDITIONS 3....

LimeWire

-
=

|59 items (7.6 GB), Free space: 210.0 GB

16:42

BOPH @ | @ @ cu Direito
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15. Only one step is missing. Open the 'Devices>Network Adaptor...' menu (green arrow). Check if
'Adaptor 1' is linked to your host ethernet device (usually 'eth0') and that the 'Bridged adaptor' option is
selected (yellow arrow). Click 'OK". This creates a virtual link to your ethernet connector that will control

the cluster.

O0®

@ =
PelicanHPC B File System 7 B Activar Adaptador de Rede
I Associado a: | Bridged Adapter | v
Nome: | etho

}  Advanced

Adapter Type: | PCnet-FAST Ill (Am79C973)

Mac Address: ‘ 0800273072ED

Cable connected

O & L@ | @ 3 cul Direito

16. At this point you are ready to start PART 2 and 3 of this tutorial and use MOLA. The difference is
that you can launch your VS project with MOLA inside a Virtual-Box while using your computer for
other tasks. Also with the link(s) we set up to the host we can select the input files and record the output
result files directly to the host hard-disk drive. The downside of this system is diminished performance as

the computer resources are divides by the host and the guest (MOLA) system.
Important! If you're host system has DHCP connection enabled, please disconnect it when using MOLA,

or at least it shouldn't be connecting automatically (red arrow). The reason is that when assembling the

cluster (PART 1) the host will be detected as one slave node and the system will not work.
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