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COMPARISON OF FREE DOCKING TOOLS

Broto Santoso’
Faculty of Pharmacy Universitas Muhammadiyah Surakarta, Indonesia
"Corresponding author: Broto.Santoso@ums.ac.id

Database of natural medicinal compounds, primarily derived from plants are widely available, distributed and
can be accessed for free via the Internet. The protein database that is responsible for a particular disease in
molecular biology also has been established since 1971. Limited access of information on various results of
research in Indonesia, repeatability of objects and topics of research are often the case, extract and fraction
of medicinal plant resulted non-selective conclusion of target activity of disease, the lack of advanced
research that gained successful outcome due to a very few in number of pure isolates that obtained from
certain plants and many other difficulties that will be found in the development of Indonesian medicinal
compounds. The insufficiency of research funding given decreased the amount of research and increased
competition to getso as to the preliminary studies using prediction theory through computational chemistry is
needed to rise the accomplishment of research, one of them is the virtual screening using docking tools.
This study aimed to compare the docking tools is available for free. The parameters of comparison are
simplicity of use, easiness of access to information, advantages and disadvantages for the novice user, the
system that must be prepared, speediness for obtaining and analysing the results and the level of
confidentiality. MarvinSketch and OpenBabel are main software that needed for supporting Docking tools.
The selected docking tools must be available free for use online or offline. The use of online docking tools
that provided by a third-party does not meet the desired level of confidentiality. Dock6, Dock3.7 and
PLANTS are not stress-free in the installation or the docking procedure becauseit needs further experience
conceming computer systems. PyRx, Chimera, MarvinSpace or VegaZZcould be selected as a candidate
docking tools. They havean easy setup and operation as well as their trust worthy because they can be run
offline. Chimera and PyRx recommended as docking tool that have to be used because it has the following
advantages: both can be run on any operating system (Windows, Mac or Linux) and fulfil all the requirement.
Application of database of natural medicinal compounds and proteintargetsusing docking tool: Chimera and
PyRx should be recommended by the Indonesian government in order to become standard procedure of
research before performing a certain activity assay of the plant as early prediction approaching the results to
be acquired.

Keywords: Free Docking Tools, Chimera, PyRx, Dock6, PLANTS, MarvinSpace, VegaZZ, online, offline

P-MPP-011
CHROMATOGRAM PROFILE (FINGERPRINT) KATUK LEAVES (Sauropus androgynus (L.) Merr)
OF STANDARDIZATION AS A PLANT EXTRACT MATERIALS NATURAL MEDICINE

Erlinda* and Lince Yarni
The National Agency of Drug And Food Control Pekanbaru, Indonesia
"Corresponding author: erlindahasan@gmail.com

Katuk (Sauropus androgynus L.) is a vegetable plant that is widely used in natural medicine products. To
Prevent Counterfeiting Necessary components of the product to establish the standardization of quality
simplicia/extract. This study aims to obtain a profile of the chromatogram (fingerprint) katuk leaf as the basis
for standardization of extracts of natural medicine by identifying a mixture of natural medicines through the
fingerprint (fingerprint). Results chromatogram profile (fingerprint) TLC analysis of the documentary system
Obtained the best resolution to extract n - hexane, chloroform , ethyl acetate and methanol at A 254 nm and
A 366 nm, visible light and the apparition anisaldehid ie spots with the mobile phase: n - hexane - chloroform
- ethyl acetate (40:20:40) ; toluene - dioxane - acetic acid glacial (90:25:10), chloroform - acetone - formic
acid (75:16:8) and cyclohexane - diethylamine - ethanol (60:30:10). Analysis by TLC-Scanner Obtain the
best resolution of the ethanol extract, n -hexane, chloroform, ethyl acetate and methanol in the mobile phase
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Abstract

Database of natural medicinal compounds, primarily derived from plants are widely available,
distributed and can be accessed for free via the Internet. The protein database that is
responsible for a particular disease in molecular biology also has been established since 1971.
Limited access of information on results of Indonesian research, repeatability of objects and
topics of research are often the case, extract and fraction of medicinal plant resulted non-
selective conclusion of target activity of disease, the lack of advanced research that gained
successful outcome due to a very few in number of pure isolates that obtained from certain
plants and many other difficulties that will be found in the development of Indonesian medicinal
compounds. The insufficiency of research funding given decreased the amount of research
and increased competition to get so as to the preliminary studies using prediction theory
through computational chemistry is needed to rise the accomplishment of research, one of
them is the virtual screening using docking tools. This study aimed to compare the docking
tools is available for free. The parameters of comparison are simplicity of use, easiness of
access to information, advantages and disadvantages for the novice user, the system that
must be prepared, speediness for obtaining and analysing the results and the level of
confidentiality. MarvinSketch and OpenBabel are main software that needed for supporting
Docking tools. The selected docking tools must be available free for use online or offline. The
use of online docking tools that provided by a third-party does not meet the desired level of
confidentiality. Dock6, Dock3.7 and PLANTS are not stress-free in the installation or the
docking procedure because it needs further experience concerning computer systems. PyRx,
Chimera, MarvinSpace or VegaZZ could be selected as a candidate docking tools. They have
an easy setup and operation as well as their trustworthy because they can be run offline.
Chimera and PyRx recommended as docking tool that have to be used because it has the
following advantages: both can be run on any operating system (Windows, Mac or Linux) and
fulfil all the requirement. Application of database of natural medicinal compounds and protein
targets using docking tool: Chimera and PyRx should be recommended by the Indonesian
government in order to become standard procedure of research before performing a certain
activity assay of the plant as early prediction approaching the results to be acquired.

Keywords: Free Docking Tools, Chimera, PyRx, Dock6, PLANTS, MarvinSpace, VegaZZ,
online, offline

INTRODUCTION

Chemical compounds can be divided into two major groups. First, the natural
group which to collect them through the isolation process of natural resource. Last,
group of semi-synthesis that is produced by chemical synthesis or biosynthesis in the
laboratory, but still their starting material derived from natural sources. Rapid
developments of chemical technology have made more and more tools that are made
to meet the needs of the chemical sources. The tools are held with the highest

sensitivity, selectivity and toughness. Competitions of research for discovering new



entities compounds make scientists consciously collected millions of different
compounds from the previous two groups of compounds. The discovery of new
compounds from natural sources as a potential drug has attracted many investors to

commercialize these databases of existing compounds.

Fortunately, databases of natural medicinal compounds, primarily derived from
plants are widely available, distributed and can be accessed for free via the Internet.
Some of them are NuBBE Database (http://nubbe.iq.unesp.br), Universal Natural
Product Database (http://pkuxxj.pku.edu.cn/UNPD/), ZINC (http://zinc.docking.org/),
PubChem  (http://pubchem.ncbi.nim.nih.gov/),  ChemDB  (http://cdb.ics.uci.edu),
Chemspider (http://www.chemspider.com/), iScienceSearch (http://isciencesearch.com)
and DistilBio (http://distilbio.com). Actually, there is an Indonesian portal for natural
product database, but it is not quite satisfactory in supporting research. Indonesia has

many natural sources of native plants.

Thus the protein database that is responsible for a particular disease in
molecular biology also has been established since 1971, known as Protein Data Bank
(http://pdb.org). This protein portal has collected more than a hundred thousand
structures of protein, which are produced mainly using X-Ray Diffraction. Homology
technique can be used as a method to get three-dimensional structure if the protein
that needed was not found in existing database. A few of online service for protein
modeling are the protein model portal (http://www.proteinmodelportal.org/) and
SwissModel (http://swissmodel.expasy.org/). Modeller is one of many softwares that
can do protein modeling offline. It can be downloaded and used for free with education

license restriction.

Many Indonesian researchers have done good studies on topic of natural
product, but information about their research results has been limited for others to
access in real time. This occurred due to distance and lack of media to inform them as
soon as possible. The information problem has consequences in a repeatability of
objects and topics of research are often the case. In addition to the limitations of
instruments, extract and fraction of medicinal plant resulted non-selective conclusion of
target activity of disease. The lack of advanced research to acquire a successful
outcome due to a very few in number of pure isolates that obtained from certain plants
and many other difficulties that will be found in the development of Indonesian
medicinal compounds. The insufficiency of research funding given, decreased the

amount of research and increased competition to win so as to the preliminary studies



using prediction theory through computational chemistry is needed to rise the
accomplishment of research. One of them is the virtual screening using docking tools.
The first article about molecular docking has been published in year 1979. This study

aimed to compare the docking tools is available for free.

MATERIAL AND METHODS

Materials for testing are divided to hardware and software. MacBook Pro with
Mac OS X Mavericks 10.9 has been chosen as hardware. Other operating systems
(OS), i.e. Windows 7 and Linux (Ubuntu) have been built using virtualization
technology. MarvinSuite and OpenBabel as main software to be installed and used for
molecular docking. Both of them have the installer files for three kinds of operating

system.

Some online docking tools have been selected, that are DockBlaster
http://blaster.docking.org/); SwissDock (http://www.swissdock.ch/docking/); ParDock
http://www.scfbio-iitd.res.in/dock/pardock.jsp); PatchDock, FireDock and FiberDock

http://pyrx.sourceforge.net/), Dock6 (http://dock.compbio.ucsf.edu/DOCK_6/), Dock3.7
http://dock.compbio.ucsf.edu/DOCK3.7/), PLANTS (http://www.tcd.uni-konstanz.de),

VegaZZ (http://nova.disfarm.unimi.it) and MarvinSpace (http://www.chemaxon.com/)

(
(
(http://bioinfo3d.cs.tau.ac.il/). Chimera (http://www.cgl.ucsf.edu/chimera/), PyRx
(
(

have been nominated as offline docking tools. The parameters of comparison are
simplicity of use, easiness of access to information, advantages and disadvantages for
the novice user, the system that must be prepared, speediness for obtaining and
analyzing the results and the level of confidentiality. The selected docking tools must

be available free for use online or offline.

RESULTS AND DISCUSSION

Docking servers as the tools of molecular docking are available online and can
be used free of charge. The availability of support facilities and ease of use of the
docking server depends on the developer and docking software used. The user should
first read the terms and conditions imposed by the developer and approved it before
using the facilities of the docking server. The developers of docking servers usually
attach manual along with sample files for the docking process. DockBlaster is managed
by UCSF (University of California, San Francisco) using Dock3.5 program for
workstations. Tutorial of DockBlaster use has been existed and new users are required
to understand and be able to perform as required by the developer. The user should

perform data preparation prior to docking. DockBlaster has 6 stages of docking that are



Preparer, Scrutinizer, Target Prep, Calibration, Docking and getting the Results. Any
request of DockBlaster docking process uses a queue system (Figure 1). DockBlaster
has provided a security (PIN number) to those who need it, but data that has been
uploaded to DockBlaster is still opened and accessible to developers docking server
itself. DockBlaster is not recommended for anyone who just begins molecular docking

because the novice user must follow all the steps that are required without exception.

Page | Discussion Read | View source | View history [Search a
Prepareinput 3 g DOCK Blaster:Tutorials
¢ Introduction
Home .| |[ERTEM | Documentation .|| Mailing Lists 3
i ropresentave” “ilusrative" st . and

" Target Prep Calibration  Docking i Yol
Preparer Scrutinizer Q'd Run Done  G'd Run Done  Qd_Run Results “didactic",
not

Welcome to the DOCK Blaster Job Preparation Form! To start docking, please complete the form below. If you e
need help, please read the documentation. We urge you to attempt at least one tutorial using prepared data before take long. Scan the list and try to ety
attemping to use DOCK Blaster with your own data. Please see i
“big pture’. 9 recopor (MF)
Kinase, GPCR.
consider. i and excessive 4Dock enzyme (ACE)
information. Th leve of effort fr the tuorial s eiher easy, moderate, or hard. 50l
SNocrysta
Dock to human thyroid hormone beta-1 7 Muliple crys

By dlicking "DOCK" you agree to By — » Targetcategory: Nuclear reoaplor
the Terms and Conditions. (poa) Op A = ) « Effort: Easy

« Problem type: Minimal informaion
« PDB code: 1N4S

Dock to minearalocorticoid receptor (MR)

‘The aim of this calculation is...?
ated purposs.

[This Job bas 5o ot

« Targot catogory: Nuclear roceplor

Cofactor.par: (‘rowse.| No e selected. Expertar: [(rowse__ | No fle slected. Expert Help

Tems ofuse. Prvacy olicy
A DOCK!

Figure 1. The homepage of DockBlaster (UCSF) and its tutorial page.

SwissDock is managed by the Swiss Institute of Bioinformatics. Stages of its
molecular docking are simpler and easier to understand. SwissDock server is equipped
with the facilities of searching and assistance that is very user friendly. ParDOCK is a
docking server with a minimalist look. ParDOCK is a SwissDock lightweight version,

but the capacity of the server is not good for online access (Figure 2).

S Step 7: Generation
E @ SwissDock dggrees of fréedo
Swiss Institute o Molecular - 1 4

Bioinformatics Modelling Group
) Gommand Line A Help Forum Gontact
ParDOCK Il-atom energy based Monte Carlo,rigid protein ligand docking, implemented in a fully
Target selection Help automat ode which predicts the binding mode of the ligand in receptor target site[1]
Click h ocking Methodology adopted.

Search for targets:

otein bound with a ligand
on 226 protein-ligand

ParDOCK are of
ligand to

fe. PDB cods, pro
lick here to access the 226 protein ligand datas

or upload fie (max 5VIB)
Click here to see 'How to Use Tool'.

Ligand selection

Docking

‘Search for igands:

Search Complex(Protein along with Ligand)— —Candidate Molecule to dock:
2000, lomd name b orsacheies) ((Browse... | Nofile selected. Browse... | No file selected.
’ RUN
Description —
ot Formal Charge 0 Charge Format
Job rame (equired)

Job Id: 90507407
Please Specify Your EmailId : | (optional)

Get Job Status or Retrieve
| —
’7 Enter Job Id: Get Status

Figure 2. Graphical User Interface of SwissDock and ParDOCK for molecular docking

Wolfson's Structural Bioinformatics Group has also developed docking servers,
some of which are PatchDock, FireDock and FiberDock (Figure 3). The homepage’s
Display of three servers is very simple but steps that must be done should be clarified

very clearly. Among of these six examples that represent docking tools online, none of



them could convince users for the data that has been uploaded will not be abused for

the profit of the group or its developers.

PATCHDOCK

Molecular Docking Algorithm Based on Shape Complementarity Principles
[About PatchDock] [Web Server] [Download] [Help] [FAQ] [References]

‘ : ‘ 7
Type PDB codes of receptor and ligand molecules or upload files In POB format

FireDock

[——— (PDB:chainld e.g. 2Kal:AB) oF upload
. fie:

Ligand Molecule: (PDB:chainld e.g. 2kal:T) oF upload file: [

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

Clustering RMSD:

Be sure to give receptor and ligand in the corresponding order!

Figure 3. The front pages of PatchDock and FireDock from Wolfson's Structural Bioinformatics

Group

Application of molecular docking can be done offline. Many free software that

can be used and have the same quality calculations with existing commercial one.

Obstacles to be faced are the level of ease of installation, the number of molecular

docking steps that must be followed and the presence of other supporting software.

Chimera can be installed on all operating system platforms, available for both 32bit or

64bit (Figure 4). Actually, Chimera is not a docking software but it is only the tools to

run Vina, a real docking software. Docking steps in Chimera is a simple and guided

way (Figure 5). Vina is only run for one molecul each session in Chimera.

UCSF CHIMERA
an Extensible Molecular Modeling System

Download Chimera

Documentation
Getting Started
User's Guide
Command Index
Tutorlals and Videos
Gulde to Volume Data
Release Notes

« Daily Builds

« Snapshot Releases

« Unsupported Releases
« Old Releases

« Bug Tracking System
« Licensing Information
« Experimental Chimera Features
« Plug-ins on the Web

« Graphics Driver Bugs
« Benchmark Results
« Chimera Source Code

« Cyawin Source Code

Download
What's New In Dally Bullds Current Production Releases
Gallerl
,:!:: ::,,! « See the release notes for a list of new features and other information.
Animation Galle « For more recent changes, use the snapshot and daily builds; they are less tested but usually reliable.
Publications .
Related Databases and Platform Installer, Size, and Date Notes
Checksum
Software
Citing Chimera ; chimera-1.9-win32.exe Instructions
Contact Us Microsoft Size: 103443748 bytes May 13, | bocymentation
Windows m%::sabawczzgcsbmmcmms 2014 Runs on Windows XP, Vista, 7, and 8 or later.
. chimera-1.9-win64.exe Instructions
Microsoft Size: 108916378 bytes May 13, || 5o oumentation
Windows 64-bit MDs: 2014 Runs on Windo
d78a7373(e7a5e5672(6b5114b396412 uns on Windows 7 and 8 or later.
chimera-1.9-mac.dmg Instructions
Mac 0S X Size: 99396952 bytes May 13, || Documentation
MD5: 2014 Runs on Mac OS X 10.6, 10.7, 10.8, and 10.9 (Snow Leopard, Lion, Mountain
7da989fa523ce2ad3(a285029ab9566 Lion, Mavericks: Intel only) or later.
chimera-1.9-mac64.dmg e b %‘_
: Size: 99724690 bytes ay 13, | Documentation
Mac OS X 64-bit || e 2014 Runs on Mac OS X 10.6, 10.7, 10.8, and 10.9 (Snow Leopard, Lion, Mountain
5bbb0eOeac7d596814{668376e69c238 Lion, Mavericks: Intel only) or later.
chimera-1.9-linux.bin May 13 Instructions
Linux s"é;f 114083133 bytes 201y , " || Documentation
bd189208111d1d0306828d115bed5508 Compiled on Debian 4 (etch).
chimera-1.9-linux x86 64.bin May 13 Instructions
Linux 64-bit a'égf 116013121 bytes 201y ’, " || Documentation
0.44ARARAL4 44 ~AdLAONA 4Tk ARAAE S Compiled on Debian 4 (etch).

Figure 4. The download page of Chimera. The developer provides installer for all platform

operating system.
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Figure 5. Window appearance of Chimera for Autodock Vina feature. Vina must be installed first
if molecular docking will be done with offline session.
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\——~Z¢ Virtual Screening Tool

sourcesorge
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FAQ

Home >> Downloads

Search...

folder.

Troubleshooting - Startup Problems
Users with no admin privileges might get premission problems when starti
run the following command from a terminal window:

Downloads
PyRx Binary Distribution &
PyRx is open source software for Computer-Aided Drug Design distributed under Simplified BSD License.
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sudo chown $USER ~/.matplotlib/ ~/.mgltools/PyRx

¥ Source

Figure 6. The download page of PyRx. The developer provides installer for all platform of
operating system. Free version of PyRx that is available only till version 0.8.

Chimera weakness can be overcome by using PyRx. Molecular docking softwa-
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Figure 7. The workspace window of PyRx version 0.8 for Mac.
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Figure 8. The download page of Marvin Beans program. The installer is provided for all platform
of operating system. Blue box represents MarvinSpace’s workspace.

re provided in PyRx is more complete, that are Vina and AutoDock. The program runs

many compounds docking massively in one session. It is available free only up to



version 0.9 for Linux and version 0.8 for Windows and Mac (Figure 6). Its feature is still
not user friendly for the visualization of docking results and cannot involve water
directly with the software. Unfortunately, free version of PyRx does not offer the input
feature for the center gridbox and its size manually. These facilities can be enjoyed at

paid version of PyRx. The workspace of PyRx shown in Figure 7.

@) & www.msg.ucsf. _docking.htm

Molecular docking with VEGA ZZ and Fred

» Where we are
» Gallery
» Links e VEGA 22

» On-line services ¢ VEGA Command line
» User reserved area

Here you can download the VEGA-related packages: g

¢ Other downloads

VE@A VEGA 22

Here you can download the VEGA ZZ package for Windows that requires to be activated
Sitemap after the installation following the procedure shown at the first run. For more
Print Version information, see the activation page. At this time, the VEGA ZZ release is available for
Windows only.

£} VEGA ZZ 3.0.3.18 setup for Windows

* IBM PC compatible system.

e Pentium Pro (686) class CPU or compatible.
e Microsoft Windows XP/Vista/7/8.

* RAM 1 Gb.

e Graphic card with 3D acceleration.

Figure 9. The download page of VegaZZ installer. The installer is only provided for Windows
system.

Other tools that is good to try for docking are MarvinSpace and VegaZZ. Marvin
Space is free for any platform, but it is very simple command and has many other
limited features (Figure 8). VegaZZ can only be operated on one native platform
operating system as the same as DOCK and PLANTS. They have high level of
difficulty to operate. DOCK is intended to expert person who wants to run molecular
docking.

The use of online docking tools that provided by a third-party does not meet the
desired level of confidentiality. Dock6, Dock3.7 and PLANTS are not stress-free in the
installation or the docking procedure because it needs further experience concerning
computer systems. PyRx, Chimera, MarvinSpace or VegaZZ could be selected as a

candidate docking tools. They have an easy setup and operation as well as their



trustworthy because they can be run offline. Chimera and PyRx recommended as

docking tool that have to be used because it has the following advantages: both can be

run on any operating system (Windows, Mac or Linux) and fulfil all the requirement.

Table 1. Comparison of offline or online Docking Tools

oS Installation Usage
Name of docking tools Platform Step Step Notes Security
Online tools
DockBlaster all - expert Difficult to private but
understand not secure
SwissDock all - moderate Instruction is private but
easy to follow not secure
ParDock all - moderate - private but
not secure
PatchDock, FireDock, - moderate - private but
FiberDock not secure
Offline tools
Chimera (vina) all easy moderate  Good private and
with GUI  visualization secure
repeatable
PyRx (AutoDock-vina) all easy moderate Visualization is private and
with GUI  not good secure
Free version
cannot
repeatable
Dock6 unix expert expert Not recommend private and
without for novice user  secure
GUI
Dock3.7 unix expert expert Not recommend private and
workstation without for novice user secure
GUI
PLANTS all* moderate expert Not recommend private and
without for novice user  secure
GUI
VegaZzZ windows easy expert with Hard to private and
GUI understand secure
MarvinSpace all easy moderate Limited feature Private and
without secure
GUI

CONCLUSION

Application of database of natural medicinal compounds and protein targets
using docking tool: Chimera and PyRx should be recommended by the Indonesian
government in order to become standard procedure of research before performing a
certain activity assay of the plant as early prediction approaching the results to be

acquired.
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