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Abstract

Searching, retrieving, and analyzing chemical information is one of the main tasks faced by students and
professionals in chemistry-related scientific disciplines. Currently, freely available modules developed in
programming languages, such as Python, allow efficient data management and facilitate obtaining
information and knowledge from the data. This manuscript describes an electronic handbook generated
on the GitBook platform to introduce the Python programming language and the Analysis, computational
representation, and visualization of chemical data. This manual explores the most common molecular
representations of low molecular weight organic compounds and their applications in various contexts. It
also illustrates the acquisition of chemical information from large public molecular databases such as
ChEMBL and PubChem and the Analysis and visualization of chemical information using concepts such
as chemical space. The GitBook is freely available and is expected to foster open science and facilitate
learning for chemistry students at the undergraduate and graduate levels and professionals interested in

chemical data analysis and visualization.
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Abbreviations: ADME, absorption, distribution, metabolism, and excretion; ECFP, extended connectivity
fingerprint; EDA, exploratory data analysis; MACCS, Molecular ACCes System; SAR, structure-activity

relationships; SPR, structure-property relationships; QSAR, quantitative structure-activity relationship.
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Introduction
Chemoinformatics is one of the independent disciplines that has become a pillar during the development
and design of new drugs and, therefore, indispensable in pharmaceutical chemistry. This area of
knowledge allows solving problems in the management and presentation of information in chemistry by
integrating different computational techniques and methods.! Chemoinformatics merges chemistry and
informatics to solve tasks in chemistry. Figure 1 illustrates schematically the broad applications of
Chemoinformatics in drug discovery and many other chemistry areas.?
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Figure 1. Overview of applications of Chemoinformatics.

One of Chemoinformatics's most widely acknowledged accomplishments is its contribution to
providing access to chemical information within databases.® The vast volume of data related to chemical
compounds, encompassing their physical, chemical, and biological properties, has promoted the creation
of databases designed for the efficient storage and electronic dissemination of this information. To further
enhance the utility of these databases, various computational methods have been devised. These
methods facilitate more effective information retrieval by enabling comprehensive searches based on
complete structures, substructures, and similarity. This approach streamlines data mining and enhances

the overall efficiency of database searches.
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In the same context, different types of molecular representations have enabled improved searches
and expanded applications in various areas of chemistry. Examples include the development of new
chemical compounds (de novo design),*® properties prediction such as absorption, distribution,
metabolism, and excretion (ADME),® structure-activity relationships (SAR), and structure-properties
relationships (SPR),” and development of new chemical descriptors.® Notable examples of molecular
descriptors commonly employed in drug discovery applications include structural fingerprints and
molecular properties. Fingerprints encode a molecule's molecular fragments or functional groups, such
as Molecular ACCes System (MACCS) Keys® and extended connectivity fingerprint (ECFP).*° Typical
molecular properties calculated are whole molecular properties of pharmaceutical interest that are part of
empirical rules to assess drug-likeness.**

Chemical space analysis, molecular docking, and applying similarity concepts are prominent topics in
computer-aided drug design (CADD). These topics are widely utilized in the pharmaceutical industry,
universities, and research centers, demonstrating high-frequency drug discovery and development
applications. The chemical space is the conceptual basis of Chemoinformatics.™ Several definitions of
chemical space are reviewed elsewhere.'® Recently, the notion of the chemical multiverse has emerged,
representing a collection of chemical spaces for a given set of compounds, each characterized by a
distinct set of descriptors.™® This concept finds applications in drug design, encompassing diversity
analysis, SAR and SPR analysis, and the design of molecular libraries.*®

Applications of the similarity concept, such as SAR/SPR analysis and activity landscapes, have been
very useful in describing changes in biological activity associated with changes in chemical structures
and the subsequent design of new compounds with improved activities.'® Often, these differences can be
confirmed with tools such as molecular docking, which take into account the mechanism of action at te
structural level. However, their application is limited to the availability of information related to the
therapeutic target.

In order to explore the topics mentioned above further, the following is a Spanish handbook that
addresses concepts and tools of Chemoinformatics with applications in drug design. In recent years,

16-18

there have been several contributions to teaching Chemoinformatics and machine learning for

chemists'® in an organized and formal manner. However, it is still necessary to improve the teaching and
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dissemination of the applications of Chemoinformatics in Latin America.?® This is to promote international
collaboration and technological competence by equipping professionals with advanced skills in handling
computational tools for chemical data analysis. This not only benefits academic research but also the
chemical and pharmaceutical industry.

In this context, the goal of developing an electronic handbook on Chemoinformatics in Spanish is to
strengthen the understanding of its basic principles in chemistry students and professionals and to
contribute to the ability of users to handle and interpret computational techniques associated with this
scientific discipline in the context of bioactive compounds. This, in turn, will contribute to the formation of
students and researchers who want to learn and benefit from the appropriate use and implementation of

computational methods for their professional development.

GitBook structure and content

The Chemoinformatics handbook is implemented within the GitBook platform, and it is organized into
nine chapters that seek to promote the acquisition of basic concepts of Chemoinformatics and to develop
competences for the search, acquisition, and analysis of chemical information employing programming
and open access computational tools. The handbook covers a broad and diverse range of topics,
including a general introduction to Python concepts and packages and basic commands on Linux. It also
covers the search and analysis of chemical information using different databases and software for
bibliometric visualization. It guides users on the applications of different molecular representations of low
molecular weight organic compounds and further provides proficiency in utilizing databases pertinent to
drug research through the use of Application Programming Interfaces (APIs), and instructs on building
compound databases annotated with biological activity. Additionally, it introduces Exploratory Data
Analysis (EDA) for examining physicochemical properties, exploring correlations within datasets, and
visualizing the chemical space. The concept of a chemical multiverse is introduced and exemplified
through a chemical art gallery.”* Applications of the similarity concept to conduct structure-activity
relationships, such as quantitative structure-activity relationships (QSAR) and activity landscape
modeling, are also covered. The GitBook also exemplifies published examples of chemical library

enumeration in more detail.”**® This can prove highly beneficial for investigating proposed methodologies
4
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in chemical synthesis, facilitating the exploration of an affordable chemical space through the utilization
of open-access Chemoinformatics tools. Finally, a general overview of molecular docking is provided,

including steps to conduct protein-ligand molecular docking studies using open-access programs.
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Figure 2. Snapshots of the nine main chapters of the GitBook.

Table 1 summarizes the contents and main objective of each handbook chapter. In each chapter, the
general and specific objectives are mentioned, followed by an introduction of the most essential concepts
of each topic and their relevance. Subsequently, procedures are developed with 'applicable’ examples in
research. The chapters end with exercises to reinforce the topics learned. The related Notebooks to

explain each topic were developed on Google Colaboratory.
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Table 1. Contents of the Chemoinformatics GitBook.

Chapter Content Objectives
1. Search for e Scifinder-n. e Enhance the skills of students and professionals in the
chemical e Web of Science. chemical field to seek scientific information proficiently.
information. e Scopus. e Become familiar with diverse scientific information types
e CAS Source Index and various tools or engines employed to search for
(CASSI). chemical information.

e Bibliometrics: Tools and
Software.

Evaluate and choose information based on distinct search
criteria.

Recognize the varied forms of scientific publications,
understanding their structure and content.

Acquaint oneself with tools and software employed in
bibliometric Analysis and visualization.

2. Introduction to
Phyton, Linux, and
Google
Collaboratory.

e Fundamentals of
programming.

e Data cleaning.

e Installation of the
environment in local and
WSL-based.

e Basic commands on
Linux.

Introduce basic Python definitions and functions.

Introduce the concept of packages.

Learn how to import, manage, and clean existing datasets.

Introduce basic commands in Bash programming language
for Linux interaction from the terminal.

Introduce Bash basic commands for managing, processing,
and analyzing data from the Linux terminal.

3. Molecular e SMILES e Introduce the most common molecular representations of
representation. e SMARTS low molecular weight organic compounds and their
e InChi/Inchi keys applications in various contexts.

e To learn how to convert compounds between the different
molecular representations as appropriate.

e Introduce the use of RDKit, py3Dmol, and smilesDrawer
packages to manage chemical structures.

e Apply the knowledge learned to compare structures, filter
databases, and visualize molecules with specific
characteristics.

4. Molecular e PubChem e Acquire proficiency in utilizing databases pertinent to drug
databases. e ChEMBL research, including ChEMBL, PubChem, DrugBank, and
e DugBank ZINC.
e ZINC e Identify the specific categories of information accessible

e ChemSpider

within each resource, enabling streamlined and efficient
information retrieval.

Become familiar with using Application Programming
Interfaces (APIs) to access information from public
databases programmatically.

5. Construction and
curation of
molecular
databases.

e Construction of
compound databases.

Build compound databases annotated with biological
activity.

Acquire knowledge about the molecular characteristics
necessary for subsequent in silico studies.

Identify and eliminate molecules that could potentially alter
computational calculations.

Curate compound databases using RDKit and Molvs
modules.
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6. Analysis and
visualization of
chemical
information.

e Calculation and Analysis
of molecular descriptors.

e Visualization of chemical
space.

Introduce Exploratory Data Analysis (EDA) for chemical
data.

Employ visual methodologies to examine physicochemical
properties crucial to pharmaceutical applications, along
with descriptors linked to molecular complexity.

Explore potential correlations among various variables
within the dataset.

Utilize chemical space visualization methods to generate
comprehensive profiles of chemical databases.

Introduce the concept of a chemical multiverse and
showcase it through a Chemical Art gallery.

7. Chemical
similarity.

e Molecular representation
(fingerprints).

e Similarity functions.

e QSAR.

e Activity landscapes.

Introduce the concept of chemical similarity and its
applications in drug design.

Acquire a fundamental understanding of the critical
components used to assess the similarity between
chemical compounds.

Study structure-activity relationships through QSAR and
activity landscape modeling.

8. Chemical library

e Using known synthesis

lllustrate examples of virtual chemical library enumeration.

enumeration. reaction schemes and Gain proficiency in employing SMARTS and SMIRKS for
available reagents. encoding chemical reactions and transformations.
e Using transformation
rules retrieved from the
literature.
9. Molecular e | edock. Give a general, non-exhaustive overview of what a
docking. e AutoDockVina. molecular docking study is.

Explain the steps for a protein-ligand molecular docking
study with two open-access programs.

Implementation and discussion

A free

online

workshop  was

recently

conducted on the UAMedia platform

(https://lwww.uamediadigital.com/cursos-online) to use and disseminate the GitBook among chemistry

students and professionals. The workshop lasted 20 hours and covered the content summarized in Table
1, excluding molecular docking, which was subsequently included based on attendee requests. The
participants came from 11 Mexican academic institutions and 14 universities in Central and South
America. Of 67 attendees who answered the survey, most of them were academics (35.8%) and
graduate students (31.3%). In Figure 3, the demographic distribution of attendees is presented, along
with some responses to questions related to GitBook implementation. Notably, for most participants,
while possessing fundamental knowledge of Chemoinformatics, the workshop, and the handbook were

their first approaches to programming with Python.
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An inquiry was made regarding the viability of autonomously implementing the material presented in
GitBook without instructor guidance. Additionally, the feasibility of utilizing GitBook as a teaching
resource was explored for respondents who identified themselves as teachers. The responses indicated
a positive outlook for both queries. It is important to mention that since the GitBook content is at an
introductory level, it can be incorporated into any undergraduate or graduate chemistry program. While
most examples during the course focused on drug design, its application extends beyond and can be
effectively utilized in diverse fields such as materials science or food chemistry, among others.

As for the perceived difficulty in understanding the concepts and related codes in the GitBook (Figure
4), this increases as practical applications such as chemical space visualization, similarity applications in

a drug design context, and chemical library enumeration are implemented.
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Other
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28.4% 50 @

40

Professional in Academia

35.8% 30

20

Professional in the Industry Post graduate student
1.5% 31.3%

C) On a scale ranging from 1 to 5, assess your prior D) On a scale of 1 to 5, assess your prior level of

level of familiarity with Chemoinformatics. experience with Python.

20 20

15 15

10 10

. . . o (R

1 2 3 4 5 1 2 3 4 5

E) Do you believe that it is F) Do you contemplate the G) If you are a teacher, would
feasible to implement the feasibility of implementing the you consider integrating
contents of the GitBook knowledge acquired from the  GitBook into your courses or
independently,  without the GitBook in your research project?  instructional subjects?

guidance of an instructor?

Does not relate to my field Maybe, | would make changes

I am not developing any 44% 23.5%

research project 4.4%
| perhaps include it

No 17.8%
Yes
64.4%
Yes
1 will definitely include it 76.5%
73.3%

Figure 3. Information about attendees at a Chemoinformatics Workshop and answers to questions about
implementing the Chemoinformatics GitBook. A) Pie chart indicating the occupation of attendees; B)
Demographic distribution of attendees. C) Distribution of previous knowledge concerning

Chemoinformatics, and D) Python language. E), F), and G) Pie charts indicating answers to questions
related to implementing GitBook.
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E) On a scale ranging from very easy to very difficult, assess the level of complexity in comprehending the
concepts associated with each topic.

-Very easy mm Eeasyiw Regular M Difficult WM Very difficult w1 did not attend

AL L L nhh

Introducction MDIe“‘ ar PubChem data ChEMBLdata Constructionand  Data analy5|s of  Chemical space chemical similarity ~ Chemical library
to Python representation acquisition acquisition curation of chemical enumeration
molecular databases information

F) On a scale from very easy to very difficult, evaluate the level of complexity associated with
comprehending the code related to each topic.

I Very easy mm Eeasy Regular W Difficult WM Very difficult W | did not attend

o dodh oo ol

Introducction Molecular PubChem data  ChEMBL data Constructionand  Dataanalysisof  Chemical space Chemical similarity Chemical library
to Python representation acquisition acquisition curation of chemical enumeration
molecular databases information

Figure 4. Perceived difficulty in understanding the concepts and related codes for each topic.

Conclusions

Chemoinformatics is a scientific discipline that has emerged in response to the need to manage, classify
and interpret chemical information efficiently. One of the main applications of Chemoinformatics has
been in drug development since it has facilitated the integration of chemical and biological data to
generate information and, ultimately, helpful knowledge (for instance, predictive models of biological
activity). The herein Chemoinformatics handbook, constructed within the GitBook platform and organized
into nine chapters, is a valuable educational resource for Spanish-speaking students and professionals
entering the Chemoinformatics field, showcasing real drug design applications. The fundamental
concepts and applications can be adapted and extended to various chemical-related disciplines.
Evaluation within a group predominantly comprised of teachers and graduate students indicated a
positive perception of the handbook's utility for implementation in undergraduate and graduate chemistry
programs. The emphasis on teaching Chemoinformatics through open-access tools and the fact that the
manual is published in Spanish aligns with the broader goal of democratizing science and cultivating
interest among students and professionals in the chemical field. This approach facilitates learning in
programming, machine learning, and computational techniques and contributes to optimizing drug
development costs through informed prioritization and rationalization of various drug development

processes.
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