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ABSTRACT

This study describes the use of molecular docking technique applied on MTiAutoDock
online server in teaching bioinformatics for students in chemistry, biology and
biochemistry. It also illustrates the use the online sever to predict the cytochrome P450
2C9 enzyme interaction with the drug ibuprofen. The benefits of using the online docking
server for teaching molecular docking to the students in chemistry, biology and
biochemistry and in a country where the powerful computing facilities are missing are
also discussed.
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1. INTRODUCTION

In the universities of Timisoara the students in chemistry, biology and biochemistry do
not have solid informatics skills as there are not topics of basic programming and statistical
knowledge in their university curricula. Also, with a very few exceptions, they have not any
knowledge concerning Unix or Linux operating systems. Taking into consideration these
features, the online bioinformatics tools are very useful and inexpensive teaching and learning
instruments allowing both the teachers and students to perform bioinformatics analysis.
Teachers have the opportunity to illustrate how the bioinformatics tools are applied and
students have the possibility to perform computational tasks in their own rhythm, to repeat the
tasks as many times as they need in order to have a detailed view of the process they analyze.
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Last decades are characterized by the development of the internet and increase of the on-
line resources. Also, the bioinformatics topics are now present in the university curricula for
biology, biochemistry and computer science, especially at the master degree level. In order to
better prepare students for master degrees and research activities there is a real need to teach
bioinformatics in the undergraduate classes of biology and biochemistry [1, 2] and even to
the high school level [3, 4]. Starting to 2011, PLOS Computational Biology's Education
section  introduced a new  collection  "Bioinformatics: Starting  Early"
(http://www.ploscollections.org/article/browselssue.action?issue=info:doi/10.1371/issue.pcol.
v03.109). This collection is dedicated to bioinformatics teaching in secondary schools and it
proves the great interest in introducing bioinformatics early in the study programs of pupils
and students.

Another characteristic of the last decades is the massive accumulation of data concerning
the sequences and structures of the biological macromolecules. These data are now structured
and deposited in data bases, most of them being free accessible for educational purposes. The
bioinformatics training help the students to access these databases, to efficiently use the
information and the proposed analysis tools [5]. All these illustrate the need of teaching
bioinformatics at least at the university level.

On-line facilities for teaching and performing bioinformatics analysis increase
continuously. Forming competences for using on-line facilities to the students in chemistry,
biology and biochemistry corresponds to the actual trend in modern chemical and biological
sciences teaching. Once the students become familiar to using the databases and a few basic
bioinformatics tools, such as to visualize and analyze the spatial structures of the biological
molecules and to simulate their interactions with different ligands through molecular docking
technique, they are able to explore new on-line bioinformatics facilities. Usually, tutorials and
illustrations are available online to help students to learn how to use every resource and
gather data that may answer their initial questions or can be use in further studies.

Besides the great diversity of the bioinformatics tools, the molecular docking is one of
the computational tools that help the students to understand the interaction between
biologically relevant molecules (proteins, nucleic acids, carbohydrates, lipids) at the atomic
level, as well as to clarify fundamental biochemical processes, especially those based on the
protein-protein and protein—ligands interactions. There are many servers allowing online
protein-protein (http://bioinformatictools.blogspot.ro/2011/12/protein-protein-docking-
servers.html) and protein-ligand (http://bip.weizmann.ac.il/toolbox/structure/binding.htm)
molecular docking, a comprehensive list of docking web services, databases and computer-
aided drug design tools being found on the Click2Drug server (http://www.click2drug.org/).

Molecular docking tools are an integral part of many actual structure-based drug
discovery studies. From this point of view, it becomes important for students to be able to use
docking programs for a particular study.

Studying science means that students learn to use the scientific methods, understand how
to develop a scientific theory, evaluate different data, test hypotheses and make predictions.
They must develop ways of thinking and acting in the practice of science and use the correct
language and different scientific methodologies to collect, organize, interpret, calculate and
communicate information. For example, to explain the correlations between the structure and
function of biologically important macromolecules and their involvement into cell processes,
the students must to understand first the specific characteristics of chemical substances and
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macromolecules utilized by living systems. By using bioinformatics tools, students have the
opportunity to broaden their competences in studying, understanding and communicating
science.

This paper illustrates the use the MTiAutoDock online server [6] to perform molecular
docking tasks in teaching bioinformatics for students in chemistry, biology and biochemistry
at master level. The illustrated molecular docking computation concerns the prediction of the
interactions of the cytochrome P450 2C9 (CYP2C9) enzyme with the drug ibuprofen.

2. METHOD

The topics of the bioinformatics course cover the followings: analysis of the protein's
sequences and sequence alignments, analysis of the global and local structural properties of
proteins (protein's backbone properties, surface properties such as electrostatics and
hydrophobicity, surface roughness, surface pockets, cavities and protrusions) and prediction
of the protein-ligand interactions based on molecular docking method. There are 28 hours of
teaching and 28 hours of practical activities for the bioinformatics course. For every student, a
distinct project concerning a bioinformatics study of the interaction between a protein and a
specific ligand is asked for the final examination. Information concerning the protein’s
sequences is retrieved using the UniProt database [7] and the facilities therein
(http://www.uniprot.org/). Information concerning the ligand structure and properties may be
retrieved from ZINC database (http://zinc.docking.org/) [8]. Sequence alignment is
illustrated using the Basic Local Alignment Search Tool [9] on-line
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) and multiple sequences alignment is also performed
on-line using CLUSTALW tool [10]. The structures of the proteins and protein-ligand
complexes are retrieved from the Protein Data Bank (PDB) [11] and the interactive
visualization and analysis of structures is performed using UCSF Chimera computational tool
[12]. Fpocket on-line tool is used for identification and characterization of pockets and
binding sites present on the protein surface [13]. The hydrophobicity distribution on the
protein surface is visualized and analyzed using UCSF Chimera tool. Prediction of the
protein-ligand interactions is performed using the molecular docking implemented under the
on-line docking servers. In the followings, the use of 1-Click Docking server is illustrated.

Molecular docking is a computational technique that predicts the binding orientation of
one small molecule at the binding site of a target macromolecule, usually a protein, and
estimates the binding affinity [14]. Molecular docking studies use one of the two approaches:
the geometry-based approach considering the surface complementarity of the ligand and
protein [15] and the energetic-based approach computing ligand-protein pairwise interactions
energies. There are both advantages and limitations for every approach.

MTiAutoDock is an online docking tool predicting the binding affinity of a single or
multiple ligands to a protein based on the energetic approach and allows the download and/or
visualization of the binding poses (http://bioserv.rpbs.univ-paris-
diderot.fr/services/MTiOpenScreen/). There also is a video tutorial for using it
(http://bioserv.rpbs.univ-paris-diderot.fr/services/MTiOpenScreen/#usage) that students must
follow before to use the server.
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3. RESULTS AND DISCUSSIONS

This part of our study illustrates the use of the MTiAutoDock online tool for predicting
the binding affinity of ibuprofen, an analgesic and anti-inflammatory drug, to the CYP2C9
enzyme. CYP2C9 enzyme is known to metabolize approximately 15% of the clinically used
drugs, such as antidiabetics, anticonvulsants, anti-inflammatories, anti-hypertensives, proton
pomp inhibitors and anxiolytics [17]. The three dimensional structures both for the unbound
protein and for its complex with the drug warfarine has been determined [18] and their codes
entry in the PDB are 10G2 and 10GS5 respectively. There also is a crystallographic structure
of mutated CYP2C9 in complex with the drug flurbiprofen [19], PDB code entry 1R90. In
our study we use the structural file 10GS without the ligands and prepared for docking using
Chimera computational tool [12].

The structural file for the drug ibuprofen is extracted from ZINC database [8]. The two
files are uploaded of the web page of MTiAutoDock tool (figure 1).

Figure 1: Upload the structural files on MTiAutoDock web page
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It is possible to perform a blind docking or to specify the binding site by its residues or by
the coordinates of a selected atom belonging to the binding site. Also, the user may upload a
ligand or may try one of the ligands that are found in a predefined compound library. The
ligand is taken randomly or selected by the physico-chemical criteria defined by the user.
After running the docking, the poses can be visualized or download for further analysis
(figure 2) and the binding energy is also delivered (figure 3). The best binding mode of
ibuprofen to the CYP2C9 has a binding affinity of -8.32 kcal/mol. Considering the
crystallographic structures of CYP2C9 in complex with flurbiprofen and warfarin, we also
perform molecular docking predictions for these drugs binding to the enzyme as a control.
The use of MTiAutoDock tool to analyze the binding of flurbiprofen to CYP2C9 predicts
the binding energy of -9.20 kcal/mol and the predicted binding energy of warfarin to CYP2C9
is -9.63 kcal/mol. These results suggest that ibuprofen binds to CYP2C9, but the interactions
with flurbiprofen and warfarin are stronger
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Figure 2: The best pose visualization for the binding of ibuprofen to CYP2C9
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Figure 3: The interaction energies for all predicted poses for the binding of ibuprofen to
CYP2C9
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As the crystal structures of CYP2C9 in complex with the anti-inflammatory drug flurbiprofen
and to the anticoagulant drug warfarin are solved, the residues identified as interacting to
ibuprofen may be compared to those interacting to warfarin and flurbiprofen and it informs
about the structural basis of drug binding to CYP2C9 .

4. CONCLUSION

In our faculty, the topic of bioinformatics is present in the study program of the master
students in chemistry, biology and biochemistry only since 4 years. During this period, about
80 students have benefited from mentoring to use online tools to study biological processes at
the molecular level. At the end of the semester students complete anonymous questionnaires
about their personal benefits obtained by completing the course. Most students appreciate the
totally new information and competencies regarding the use of bioinformatics methods to
study chemistry, biology and biochemistry, especially the use of the biological databases and
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of the bioinformatics tools for analyzing the biological interactions at the molecular level.
They also consider that a bioinformatics course at the license level would be beneficial
allowing them a better understanding of the structural levels of biological macromolecules
and of their structure-function relationships.

The results presented in this study illustrates that online molecular docking facilities can
be successfully employed as effective teaching tools to demonstrate the use of molecular
docking to beginners in the field.

Free available on-line bioinformatics tools may be accessed by students from home, they
only need their computers to be connected to the internet and they have the opportunity to
repeat the steps they performed in classroom as many time as they need and in their own
rhythm in order to obtain a complete understanding of both the bases of the bioinformatics
tool they use and the explored biochemical processes. This opportunity contributes to a better
understanding of the applications of bioinformatics tool and also may increase the interest of
students to explore other tools and to perform other kinds of bioinformatics research without
any cost.

The on-line teaching bioinformatics resources are important for both teachers and
students because they develop interest to the students by facilitating understanding advanced
studies and they promote quality human resource to undertake challenging research in the
field of modern chemistry, biology and biochemistry. They also contribute to the
interdisciplinary approach of the study of the physiological processes at the molecular level.
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