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ABSTRACT: Internet databases serve as an important source of information on
chemical compounds that students can readily investigate, including those studying food
science and food technology. This Activity provides a brief introduction to the
application of chemical information resources with a focus on conducting structure-based
searches.
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Courses in food technology, human nutrition, and other
areas of study offered by faculties of food science and

related fields utilize information about low-molecular-weight
organic compounds, in particular, bioactive food components.
Internet resources provide quick access to the relevant
information. Unlike in conventional handbooks, the informa-
tion found on the Internet can be continuously updated, which
is a major advantage. However, a Web search by compound
name has certain limitations, in particular, for non-native
English speakers. The number of compounds described in
English is greater than in other languages. Molecular structures
are the universal language of chemistry that are used in, for
example, chemical databases. Molecular structures can be drawn
in computer applications known as “molecular editors”. State-
of-the-art compound structures developed in molecular editors
have been reviewed by Ertl.1

Specialized databases are the most reliable sources of
information about chemical compounds. Their emerging role
in food and nutrition science has been emphasized in several
reviews.2−6

This paper proposes the simplest possible approach to using
chemoinformatics databases in the process of educating food
technologists in view of the limited time allocated to organic
chemistry courses. Databases such as PubChem7,8 are
presented as a source of information on the properties of the
searched compounds. First-year students will learn to use
chemoinformatics databases during a basic course in organic
chemistry. The relevant exercise is detailed in this paper.

■ BRIEF DESCRIPTION OF THE EXERCISE
During the exercise, students will draw molecular structures in
the molecular editor on the Chemical Structure Lookup Service

Web site,9,10 and they will translate the structures into
SMILES.11 Molecular structures translated into SMILES will
be used as queries in the PubChem database7,8 by running a
structure similarity search. By default, compounds identical to
the query will be searched. Alternative applications include the
molecular editor in the ChemMapper program12,13 and the
ChemSpider database.14,15 All of the above tools are available
on the MetaComBio Web site;16 they are freely accessible and
do not require registration. Before the exercise, the instructor
delivers a presentation and provides students with general
information about databases, SMILES language, and structure
search. The exercise includes supervised training in compound
structure development and the use different descriptors for
database screening.
The report summarizes the information on the physico-

chemical properties and biological activity of compounds,
translated from English (in our case, into Polish). An example
of classroom workflow is available in the supplement. The
organic chemistry course at the Faculty of Food Sciences of the
University of Warmia and Mazury in Olsztyn covers 30 h of
lectures and 30 h of tutorials. Students will have completed a
chemistry course in secondary school and a general chemistry
course (30 h of lectures and 30 h of tutorials) at university.
Tutorials concerning chemical information last 2 h, including
database presentation and training supervised by an instructor.
Students develop final reports outside class. The exercise was
first introduced in the 2013/2014 academic year. In autumn
2014, the exercise was expanded by allowing students to search
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for compound information using any query (e.g., SMILES,
InChI, or InChiKey) and any database.

■ DISCUSSION

We would like to discuss some issues that are related to the
proposed exercise and affect its application for educational
purposes.

Brief Explanation Of The Workflow Applied

The proposed activity contains intentionally inserted problems
that need to be solved by the students. Both PubChem and
ChemSpider databases have their own molecular editors. Those
editors and the Chemical Structure Lookup search engine are
not used in the exercise. Students are asked to develop the
compound structure and translate it into SMILES with the use
of one chemoinformatics tool (Chemical Structure Lookup
Service). They will use another tool (PubChem) to obtain
information about compound properties. This search scheme
demonstrates that a compound’s chemical structure may be
used to screen multiple databases. Students may also learn that
the Chemical Structure Lookup Service can be used to screen
multiple resources via a common search engine. The discussed
tool provides a wealth of information that cannot be fully
interpreted during the described exercise (due to short time),
but it may be recommended for future application. Flexible
search options are required to make the most effective use of
more than 300 open-access databases and other tools
supporting the identification and description of low-molec-
ular-weight compounds.16 SMILES is the most commonly used
machine-readable chemical code, and its rules are well
described. PubChem and ChemSpider contain information
about chemical compounds’ systematic and common names,
SMILES, Chemical Abstract Service Registry, InChi (IUPAC
International Chemical Identifiers), as well as InChi Key. The
latter one is recommended for Google searches.17 The above
identifiers constitute a “query set” for screening specialized
chemical and biological databases containing information about
chemical compounds.

Web Site Facilitating the Access to Databases

Links to other databases of low-molecular-weight compounds
are available on the MetaComBio Web site.16 MetaComBio
tools can be used during several courses in food technology or
relevant fields of study. For instance, databases of biochemical
reactions may be recommended for courses in biochemistry,
enzymology, or biotechnology, databases of metabolic path-
ways−for courses in biochemistry or nutrition, and databases of
toxic compounds−for courses in toxicology. There are also
specialized databases of food components. The information
found in various database categories should be sufficient for
writing a diploma thesis. It is still too early to evaluate the
significance of chemical databases for other courses. PubChem
citations are found in laboratory reports written by students
enrolled in chemistry or organic chemistry courses.

Student’s Experience with Exercise

Conflict management is a problem that is often reported by
students. Molecular editors require the most recent version of
Java. Problems with Java-based molecular editors were observed
between March and December 2014. Java blocks windows in
selected molecular editors (excluding PubChem and Chem-
Spider), and security extensions should be added in Java
configuration options.

Observations indicate that computer exercises are relatively
easy for the students. Students performing the exercise received
higher grades (average grade of 4.19 for 119 reports submitted
in the spring semester of the 2013/2014 academic year, on a
scale of 3 (satisfactory) to 5 (excellent) for reports with a
passing grade) in comparison with other exercises (average
grade of 3.72 for 476 reports). Those results are not surprising
because contemporary students belong to a generation that
develops computer skills in childhood. It should be noted that
most students used basic primitives to generate compound
structures for the first time. Compound structures developed
from those elements are commonly used in specialized
databases and other Internet resources18 but not in handbooks
for secondary schools.
Students encountered certain problems when describing the

biological activity of compounds in Polish. The above can
probably be attributed to the fact that chemical and biological
terms are not taught during English language courses in
primary and secondary school.
Final Remarks

In the described exercise, the use of chemoinformatics and
bioinformatics tools is presented in the simplest possible way
(with some intentionally inserted problems that need to be
solved by the students). Research into the biological activity of
food components involves more advanced in silico methods.19

Chemical space screening19 and modeling protein interactions
require advanced skills. Sophisticated chemoinformatic meth-
ods are introduced during chemistry courses.20 It should be
noted, however, that most students of food technology and
related areas will not need advanced algorithms that are
designed for chemists or biologists. More advanced methods
may be introduced as part of special, optional courses at
postgraduate level. The proposed exercise is addressed to future
users of chemoinformatics and bioinformatics tools at the
simplest level, including students with limited time for
chemistry courses. Students of food technology and other
fields of food sciences, such as gastronomy, culinary art, and
commodities, can take part in such exercises to expand their
knowledge of Internet resources concerning organic com-
pounds and the relevant data search options.
Students learn about databases of chemical compounds, such

as PubChem, and the relevant data search options. It should be
noted that search options may be used without previous
knowledge of specialist chemical terminology in English.

■ ASSOCIATED CONTENT
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The supplement contains an example of classroom workflow, a
summary of the instructor’s presentation, trouble management
protocol, and a brief description of the MetaComBio Web site.
This material is available via the Internet at http://pubs.acs.org.
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