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Abstract. - Molecular docking simulation
of small molecule drugs to macromolecules
is valuable in structural biology and medici-
nal chemistry research. Its spread is support-
ed by freely available software and databases.
Like many resources in the free domain, dock-
ing software is command-line based, which
comes to a limitation when defining the vol-
ume encompassing an active site, the so-
called docking box.

The box center and size, usually speci-
fied as cartesian coordinates, can be adjust-
ed to correctly cover the active site only with a
third-party molecular graphics program com-
patible with the docking input/output files,
which reduces the choice to a few options.
Moreover, the additional staff training may
hamper the adoption of such software, e.g., in
an enterprise environment.

We exposed the functionality of Autodock and
Autodock Vina into a graphical user interface
extending upon that of PyMOL. Both the func-
tionality of PyMOL and Autodock are merged,
synergizing the capabilities of each program.

To overcome such limitations, here we pres-
ent MAGI-Dock. This graphical user interface
combines the power of two of the most used
free software for docking and graphics, Aut-
odock Vina and PyMOL. MAGI-Dock is a free
open-source software available under the GPL
and can be downloaded from https://github.
com/gjonwick/MAGI-Dock.

The coupling of Autodock Vina with PyMOL
through a graphical interface removes the mo-
lecular modeling limitations that come with Aut-
odock. Therefore, MAGI-Dock could be condu-
cive to lowering the learning curve for molecu-
lar docking simulation, with benefits for trainees
in both academia and enterprise environments.
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Background

Molecular docking simulation of small mole-
cules to bio-macromolecules is a powerful tool
for structure-based drug discovery, which has re-
ached widespread use also thanks to the many
available resources in the free domain. AutoDock
Vina! is one of the fastest and most widely used
open-source docking engines in this field, pro-
viding flexible receptors, hydrated docking, sup-
port for macrocycle molecules, multiple scoring
functions, etc. Moreover, simultaneous docking
of multiple ligands and batch mode for virtual
screening allows for exploiting large, customized
virtual libraries of compounds and fragments”and
orphan drugs®. Once the macro-molecular target
and the ligands to be screened are defined, the
docking process is carried out in four steps: (1) the
preparation of the target and ligands (with setting
up of rotatable bonds for the latter) by conversion
into a suitable format (PDBQT); (2) the setting up
of a search box defining the binding site on the
target, including the set-up of flexible sidechains;
(3) running the docking simulation; (4) analysis of
the result. The command-line nature of Autodock
allows for automating the whole process in a high
throughput fashion* by, e.g., shell scripting, except
for the set-up of the search box on the target.
This step is usually carried out once and requires
user-supervised molecular graphics interaction wi-
th the target to fine-tune the box boundaries and
the flexibility of side chains forming the binding
site. The support for such box drawing is limited
to a few molecular graphics software’ or discon-
tinued®. Above all, a modern implementation is
missing in one of the most widely used macro-
molecular visualization tools, PyMOL'. Since Py-
MOL is written in Python, one of the most popular
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programming languages®, it can easily be extended
to Python plugins. Using this feature, we provide
MAGI-Dock, a free PyMOL plugin for setting
up ligands, search boxes, flexible sidechains, and
molecular docking. The installation steps can be
found in the section ‘Software requirements and
installation’ in the Supplementary File.

MAGI-Dock Program

MAGI-Dock was developed in Python and Py-
QT?. Tt uses a graphical user interface program that
runs on top of PyMOL and each functionality rela-
ted to molecular docking is delegated to the scripts
provided by MGLTools and Autodock Vina. The
program uses the Python interpreter and libraries
that come with PyMOL. PyMOL also provides its
own interface to PyQT, allowing for easy integra-
tion of user scripts to its interface. The Auto-Dock
Python scripts are run using the Python interpreter
that comes with MGLTools, and its path can be
specified when running MAGI-Dock.

Interface and Process

MAGI-Dock is a PyMOL interface to Auto-
dock Vina that fills the gap between the power
of the popular docking software’s text-driven
commands and the user interaction experience
given by the most widespread molecular graphics
software. The plugin provides a GUI for each
preparation and simulation command. In parti-
cular, it provides an interactive drawing of the
simulation box, a fundamental step needing user
supervision. With the convenient interface that
PyMOL provides, users can run docking effort-
lessly, without switching back and forth between
PyMOL and other molecular modeling software.
Moreover, such a feature allows users to use the
molecular modeling power of PyMOL and run
docking directly on customized structures. The
plugin is conveniently organized into tabs, each
managing a sequential step (Figure 1).

The first tab, Config, allows all configurations
required by Autodock to be set. The Receptor
tab deals with the generation of receptors (Sup-
plementary File). Once the receptor is ready,
the user may set selected amino acids as flexible.
The receptor selected in the generated receptor
list will also be automatically loaded into “me-
mory”, ready to be used as a docking target. The
Ligands tab deals with the preparation of ligands

(Supplementary File): similar to the Receptor
tab, users can choose the selections representing
the ligands and click the 4dd button. This noti-
fies the plugin about the ligands that are going to
be prepared. Users may select the wanted ligands
from the list and click the Generate button to
prepare the ligands. The successfully prepared
ligands will appear on the prepared ligands list.
In the main form, there is a convenient interface
to generate the docking box (Supplementary
File). Users can make a selection in the PyMOL
viewport, and by clicking the Generate box but-
ton, a box will automatically be created around
the selection; alternatively, the object name can
be typed in the Selection field, and a box will
be generated around it with the same button.
The box position and size can be finely tuned by
modifying coordinates and edge size fields in
the main form. Additional options are provided
for the docking box: step size of the movement,
useful for fine adjustment; hide/show the box
boundaries; color the faces of the box (default
transparent). In the Docking Tab (Supplemen-
tary File), the exhaustiveness, number of poses,
minimum RMSD, and other options for the Vina
run can be set by using the Parameters panel.
Finally, the simulation can be started by clicking
on the Run Docking Job button.

Discussion

As computational biology is becoming a popu-
lar approach to tackling biological problems, there
is a need for accessible software whose setup and
usage will not bottleneck scientific research. Mo-
lecular Docking is one of the most popular appro-
aches used in drug screening'*'?, with Autodock®
being a well known open-access software but wi-
th a rather limited 3D molecular modeling capabi-
lity. On the other hand, PyMOL is one of the most
widely used macromolecular visualization tools,
with great molecular modeling facilities. Other
works® have been important to merge these tools
together but are outdated and discontinued. The
coupling of Autodock Vina with PyMOL through
a graphical interface is conducive to lowering
the learning curve for molecular docking simula-
tion, with benefits for trainees in both academia
and enterprise environments. Therefore, in this
work, we developed MAGI-Dock, a modern im-
plementation of molecular docking into PyMOL,
allowing users to dock molecules to their custom
structures through the PyMOL interface.
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Figure 1. MAGI-Dock interface organized in tabs, and the simulation box drawn in different colors to identify the XYZ faces. The diagram indicates
the capabilities of the plugin.
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Conclusions

In conclusion, we believe that a tool such as
MAGI-Dock will be very useful to researchers in
the topics of Computational Biology, Drug Design,
Bioengineering, etc., due to its ability to couple
two of the most used software in these fields into
a rational and easy to use interface. MAGI-Dock
integrates all the steps needed to run molecular
docking into the interface of PyMOL, from the
preparation of receptors and ligands to running
molecular docking. It remains an open-source
software, and with the help of other developers, it
can be further improved and become an important
asset to the world of computational biology.
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