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Abstract

Dark Suite is a complete interactive software pipeline aiming to exploit the advantages of free software and
modern programming. Besides two commands (installation and opening) on the command line, the handling and
the program operation is done through a user’s friendly interface. This platform has a central graphical interface

which allows the user to choose in what computational tool to work. Each computational tool has an interface.
Dark Suite combines the functions of other programmes to create a pipeline for high-quality secondary effects
through a friendly user interface. It is made to run on GNU / Linux distributions and its interface was built using
JAVA to seamlessly integrate scientific tools written in Perl, Java, R and Python.

Introduction

The discovery and development of a new drug is still
a time and cost consuming process, estimating for
approximately 10-15 years for a new drug to enter
the market (Paul et al., 2010; Pan et al., 2013). In
pharmaceutical research, computational methods are
being employed to reduce the cost and time of drug
development, while enabling the synthesis of large
component drug libraries (Clark et al., 2010; Szymariski
et al., 2012). Computer-aided drug design (CADD) is
based on the combination of computational techniques
that can enable the simulation of molecular interactions
between proteins and target molecules and predict the
effectiveness of a new lead molecule (Veselovsky et al.,
2014). Structure-based and ligand-based drug design
are the primary methodologies for drug discovery and
lead optimisation; depending on the available biological
information.  Ligand-based  approaches  generate
SAR models based on known active and/or inactive
molecules, whereas structure-based approaches use
the structural information of the protein target to
discover lead molecules as potent inhibitors. Molecular
Dynamics, Quantum Mechanics and Linear Interaction
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Energy (LIE) are included in the drug discovery process
optimisation to evaluate in silico the effectiveness of the
lead molecule.

CADD approaches have led to many successful
applications, through lead discovery or drug
repurposing. However, conventional CADD has its
limitations and their results have to be validated in real
biological systems, as numerous molecules that have
been recognised in silico, do not eventually exhibit
the predicted activity and efficiency. Apart from the
complexity of the biological systems and the difficulty in
interpreting and simulating them in silico, an additional
limitation of CADD applications is that the tools used
to discover and design a new drug are based on specific
algorithms and each tool has its limitations. For that
purpose, it is considered necessary to continually update
the tools and algorithms to improve the accuracy and
the provision of new drugs. The employment of CADD
applications is an integral part of pharmaceutical
research and novel approaches need to be implemented
(Baig et al., 2018).

Herein, we describe a novel solution for computer-
aided drug design through the Dark Suite application.
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The suite is designed to facilitate the drug discovery
process by introducing freely available tools that have
been shown to outperform conventional approaches. In
the first step of the structure-based drug design and the
discovery of homologous proteins, an enhanced sequence
similarity search can be performed by exploiting
secondary structural elements and the hydropathy
profiles of the proteins. Homology modelling can then be
achieved using additional restraints based on the shape
and size similarity of the homologous proteins, leading
to a refined 3D model structure. In the next step, the lead
discovery is approached by a fully integrated platform
set to automate the drug design through efficient
algorithms for protein preparation, energy minimisation,
pharmacophore elucidation, building and growing new
drug-like moieties, and molecular dynamics simulations.
Additionally, the suite includes tools for protein
clustering based on gene ontology annotations, and for
enhanced prediction of protein interactions based on
protein-protein interaction networks.

Description of the program

The Dark Suite is a complete interactive platform that
integrates free software and modern programming
solutions for a high-quality research pipeline in
computational drug design in the drug discovery
research. It is a UNIX based software, compatible with
all major GNU/LINUX distributions and its interface
was built using Java language programming. The
integrated tools are written in Perl, Java and bash. It is
easily installed through the command line and can be
downloaded freely at www.darkdna.gr.

The platform includes 2D, 3D and 4D protein
analysis tools, an automated drug design platform and a
3D structure viewer (Figure 1).
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Figure 1. The front-end window of Dark Suite.
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Namely, the Dark Suite integrates the PSSP tool
(Figure 2), TAGGO, Space, GIBA, Drugster and Jmol that
are described below. Each of the tools can be assessed
through its autonomous interface after installing and
running the suite. Noteworthy, the suite enables the user
to run all biological tools in parallel. In such a manner,
the drug design pipeline can be adjusted to the user’s
needs.

Integrated tools

1. 2D analysis

The protein secondary structure profile (PSSP) tool is
developed to perform fast, efficient similarity searches
based not only on the protein sequences but also on the
secondary structure profile of the proteins (Vlachakis et
al., 2017). PSSP first performs a conventional blast search
for the query protein sequence and then uses a custom
made hydropathy substitution matrix by which the entries
are re-scored and re-ranked. The hydropathy profile
is constructed for each protein using the hydropathy
index from IMGT (Lefranc et al., 1999). Moreover,
PSSP exploits the secondary structural information by
searching against the RCSB PDB secondary elements
database and is also able to predict secondary elements if
the query protein is not crystallographically determined.

2. 3D analysis

TAGGO module is designed for an automated clustering
of a set of proteins based on Gene Ontology (GO)
resources (Roubelakis et al., 2009). The module has a
5-step interface, in which the user has to select: the
path for the input file that includes a list of proteins to
be annotated, the appropriate GO file and its respective
format, the organism for which the clustering is
performed, the Evidence Codes to be considered, and
the path to the output directory. TAGGO then evaluates
the Information Content (IC) of each ontology term
assigned to each protein of the input set for all three GO
aspects; Molecular Function (MF), Cellular Component
(CC) and Biological Process (BP). The most general
terms (with lower information content) are considered
and the proteins in the dataset are assigned to categories.
The overall output of the process is the percentage of the
annotated GO categories of the protein dataset, for each
GO aspect. A directory called “Results” is created that
includes Venn lists for each aspect, a visualisation of the
results in pie and bar charts, and text files describing the
parameters and annotation steps throughout the process.

Space represents a novel, efficient methodology
for homology modelling that improves the quality
and credibility of the resulting model compared to
conventional approaches (Vlachakis et al., 2013). Space
can be implemented in cases of low sequence identity
by considering the proteins’ shape and size similarity.
Based on the fact that structure is more conserved than
the sequence in nature, Space performs 3D modelling
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PSSP: The Protein Secondary Structure Profile Search Tool
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by setting additional constraints determined by the
conformational shape of the template protein.

3. 4D analysis

GIBA is an effective and user-friendly tool for the
identification of accurate protein complexes through
clustering of protein-protein interaction (PPI) networks
(Moschopoulos et al., 2009). GIBA encompasses two
different clustering algorithms, the MCL (Enright et al.,
2002) and the RNSC algorithm (King et al., 2004) and
a set of different user-defined parameters for clustering
and filtering. Once the workflow is executed, the output
is a set of the final clusters with the interacting proteins
predicted. GIBA surpasses other methods in quality
approximations of protein complexes.

4. Drug Design

Drugster is a freeware platform aimed to assist scientists

in the field of computer-aided drug design (Vlachakis

et al., 2013). Drugster integrates the algorithms of

PDB2PQR v.1.8 (Dolinsky et al., 2004; Dolinsky et al.,

2007), Ligbuilder v.1.2 and v.2.0 (Yuan et al., 2011),

Gromacs v.4.5.5 (Hess et al., 2008) and Dock v.6.5 (Lang

et al., 2009). It is designed to automate the process of

structure-based drug design and lead optimization
through an easy to use interface. The complete workflow
consists of five steps:

1. Input preparation; the 3D structure of a PDB file is
refined and problems are automatically fixed;

2. energy minimization; the receptor is optimized
using the Gromacs suite;

3. de novo structure-based drug design; the Ligbuilder
module is used for ligand building after a
pharmacophore preparation and the determination
of a 3D scaffold to generate novel moieties;

4. ligand optimization; all the candidates are docked
to the receptor using the Dock module and ranked
after energy minimization, and

5. complex optimization; the ligand-receptor complex
is energetically minimized and the system undergoes
molecular dynamics simulations.
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5. PDB viewer

The structures can be visualised through the PDB viewer
that uses Jmol' (Jmol: an open-source Java viewer for
chemical structures in 3D), a free, open-source molecule
viewer.

Platform compatibility:

Dark Suite has been tested on the following GNU / Linux
distributions:

«  Ubuntu 14.04.4 LTS (32&64 bit);

«  Ubuntu 15.04 LTS (32&64 bit);

«  Ubuntu 16.04 LTS (32&64 bit);

o Kubuntu 14.04.4 LTS (32&64 bit);

+  Debian 8.0 (32&64 bit).

Dark Suite Installation steps:

Open a terminal and initially go in the Dark Suite
directory and then in the medical directory located
inside the Dark Suite that contains all files.

eg cd DarkSuite/medical/

Within the medical directory, you can locate the

allation file.

Run the command: <. /install.sh>

Installation process:

Run ./install.sh and your password will be
prompted. Press “enter” to begin the installation.
You will be asked again to press “enter” after a bit to
continue. Installation continues normally for some time
and all necessary tools and libraries are being installed.
Drugster application will be installed through a dedicated
interface, after following instructions. You will be asked
to choose the Linux distribution you are using. Choose
and press “enter’; and you will be prompted to the
graphical installation environment of Drugster. Follow
the instructions until completion.

Dark Suite Operation steps:

1. Run the command: <java -jar darksuite.
jar> and Dark Suite will load;

2. press the button TAGGO to execute TAGGO;

3. press the button SPACE and choose the pdb file

you want; a separate window is used to display

information about file which was selected;

press the button PSSP to execute PSSP;

press the button Drugster to execute Drugster;

press the button GIBBA to execute GIBBA;

press the button Run Viewer to open a window

to insert the pdb file you want to view; Then after

selecting and pressing “ok’, you will see the 3D

protein structure hat selected;

8. press the button Cloud to create a new directory in
the directory with the executable file on a cloud file
location.

N oo
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Key Points

* An innovative solution for computer-aided drug
design to facilitate and refine the drug discovery
process.

* Quickly installed, fully interactive platform
integrating state of the art protein analysis tools.

* Efficient pipeline and novel approaches for
structure-based drug design.

* Dark Suite is compatible with all major GNU /
Linux distributions and is freely downloadable at
darkdna.gr

Conclusions

Dark Suite is a stand-alone application for computer-
aided drug design performing all fundamental steps
for the process of lead discovery and optimisation, in
a user-friendly environment. The Dark Suite pipeline
introduces novel and efficient methods for surpassing
the limitations on homologous protein discovery based
on the primary structural information, traditional
homology modelling and drug design approaches.
Moreover, it encompasses tools for refined gene ontology
annotations and predicted protein-protein interactions.
Dark Suite is freely available for the scientific community
and allows for a user-defined workflow by selecting the
appropriate tools for use.
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