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ABSTRACT 
Within this study we underline the usefulness of studying bioinformatics both at 

secondary school and university levels. Also, we emphasise the need of training 

programs in bioinformatics allowing the secondary school teachers and 

udergraduate students to be able to utilise the actual resources such as to reflect 

current practices and state of the art in chemistry, biology and biochemistry. 

Furthermore, we describe some free available databases and basic bioinformatics 

tools and illustrate their use for the secondary school and university levels. We 

also mention the general and specific competences, attitudes and values that are 

formed to the pupils and students by the use of the bioinformatics resources.  
KEY WORDS: bioinformatics, databases, webservers, on-line teaching tools. 

 
INTRODUCTION 
The last few decades are characterized by the development of the internet, 

the growth of online resources and major advances in the field of chemistry, 
molecular biology, structural biochemistry and genetics. There also is an 
accumulation of chemical and biological data and informatics tools used to treat 
and comprehend them. Chemists, biologists and biochemists dispose today of 
three-dimensional structures of biological macromolecules and their complexes 
and also of imaging and animation tools allowing to explore nature at molecular 
level. Understanding of intensive chemical, biological and biochemical data using 
informatics tools, such as methods and services, is the object of bioinformatics. 
Unfortunately, the bioinformatics tools, chemical, biochemical and biological 
current resources are known today only by specialists.   

A simple search within the chemistry, biochemistry and biology curricula 
for both pupils and students in Romanian secondary schools and universities 
reveals that bioinformatics courses are largely absent. There are only a few 
bioinformatics courses within the curricula of master degree programs and 
similarly for the PhD level. This is also true for many other European countries, 
especially for the east-European ones. The absence of a computational element in 
secondary school and university chemistry, biology and/or biochemistry 
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classrooms provided to be a constant concern to the computational chemistry, 
biology and biochemistry community during the last years (Gallagher et al, 2011; 
McQueen et al, 2012; Wood & Gebhardt, 2013; Marques et al, 2014). 

Even if the secondary school curricula for chemistry and biology would 
contain bioinformatics or other relates topics, the teachers are not prepared to teach 
such subjects. At European level, starting to 2010, there were a few bioinformatics 
courses organized for the secondary school teachers by the European Molecular 
Biology Laboratory (EMBL) and the European Bioinformatics Institute (EMBL-
EBI) (Wood & Gebhardt, 2013). In the period 2010-2012 there were only 80 
participants to these courses, a very low number and Romania was not represented 
(Wood & Gebhardt, 2013).  

The aim of this study is to describe a few basic bioinformatics resources 
that are useful for high school and university levels and to illustrate how they equip 
teachers, pupils and students with the competencies, values and attitudes to be able 
to utilise the resources such as to reflect current practices and state of the art in 
chemistry, biology and biochemistry.  

 
METHODOLOGY  
The bioinformatics resources are enormously grown in the last decades and 

they cannot be explored in only one training course. Such a course may only 
specify and illustrate the basics of bioinformatics. So, first of all, we try to answer 
to the question ”What to teach?”. The other questions that we answer are ”Where 

can I find relevant biological and/or biochemical information?”, ”How to access 

various bioinformatics resources?”  and ”How to visualize and analyse  the three 

dimensional structure of a protein or of its complex with the ligand?”. In order to 
answer to these questions we enumerate, shortly define and describe how to access 
some basic resources for bioinformatics training programs. Then we illustrate how 
to extract the three-dimensional structure of a protein complex, visualize and 
exploit this data in order to obtain relevant biological and/or biochemical 
information.  

 
RESULTS AND DISCUSSIONS 
Taking into account the curricula for chemistry, biology and biochemistry 

for the secondary school and university levels, bioinformatics resources help to 
teach mostly the structure and functions of proteins and nucleic acids, genomics, 
mutagenesis.  

Within Table 1 we present a few basic bioinformatics resources, including 
webservers and databases free available for the academic community and we 
shortly describe them and designate how they may be used for training courses of 
secondary school science teachers and undergraduate students.  
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TABLE 1. Webservers and relevant databases for teaching biology and/or biochemistry at secondary school and university levels 
 

Bioinformatics 
resource and its 

web page 

Type of 
resource 

Short description When to use the 
facility in a 

secondary school or 
undergraduate 

classroom? 

Secondary school 
general and 

specific 
competencies, 

values and 
attitudes  

University level 
competencies  

Didactic 
methods 

The Universal 
Protein Resource  
(UniProt)  
(Appweiller et 

al, 2004 ) 
http://www.unip
rot.org/ 

database UniProt database 
contains freely 
accessible information 
concerning protein 
sequence and 
functional 
information. 

UniProt could be used 
in the classroom for 
studying the structural 
levels of proteins and 
mutations and for 
analysing the 
functions of proteins. 

Chemistry: 
- explanation of 
phenomena, 
processes, 
procedures; 
-assessment of  
consequences of 
action of chemicals 
on living 
organisms and the 
environment; 
- investigation  of 
the behavior of 
substances or 
chemical systems; 
 
Biology: 
-the reception of 
information about 
the living world; 
-interest in 

Chemistry: 
-determination of 
the composition, 
structure and 
physico-chemical 
properties of 
chemical 
compounds; 
 
Biochemistry: 
-identification and 
characterization of 
biochemical 
compounds present 
in living organisms; 
-exploring the 
biochemical 
processes of living 
organisms; 
-integration of inter/ 

 
 
 
 
 
 
 
 
 
 
 
 
 
enquiry-
based 
learning 
 
 
learning by 
discovery 
 

Protein Data 
Bank (PDB) 
(Berman et al, 
2000) 
www.rcsb.org/p
db/ 

database The Protein Data Bank 
is the single 
worldwide archive 
containing information 
about the three 
dimensional structures 
of  proteins and 
nucleic acids and/or 
their complexes.  

PDB is used in the 
classroom for 
studying the 
secondary and tertiary 
structural levels of 
proteins and nucleic 
acids. More than it, its 
website allows visitors 
to perform simple and 
complex queries on 
the data, analyse, and 
visualize the results. 

Chimera 
(Pettersen et al, 

visualizati
on and 

Chimera allows 
visualization, 

Chimera is used in the 
classroom for the 
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2004) 
http://www.cgl.u
csf.edu/chimera/ 
 

analysis 
toll for 
macromole
cules tool  

characterization and    
analysis of the  
structure of a protein 
or nucleic acids, 
illustration the 
interactions between 
the biological 
macromolecules. It 
may be free 
downloaded from the 
webpage.  

illustration of the three 
dimensional structures 
of proteins and nucleic 
acids and for analysis 
of their interactions. 
For the university 
level it may be also 
used for sequence 
alignment, molecular 
docking results 
visualization and 
analysis.  
 

achievements and 
discoveries in the 
sciences; 
-motivation for 
scientific 
information and 
documentation; 
-cultivation of 
receptivity and 
flexibility to apply 
biological 
knowledge in 
everyday life; 
-data collection 
from various 
sources of 
information/docum
entation about the 
organization of the 
living world; 
- corresponding use 
of the scientific 
terminology in 
description and 
explanation of 
phenomena and 
processes. 

transdisciplinary 
domain specific 
knowledge; 
-developing 
professional 
projects with the 
use of principles 
and methods 
consecrate in the 
field; 
-awareness of the 
need for continuous 
training;  
Biology: 
- investigation of 
molecular and 
cellular basis of 
organization and 
functioning of 
living matter; 
-efficient use of 
resources and 
learning techniques 
for personal and 
professional 
development. 

 
 project-
research 
theme 

BRENDA 
(Schomburg et 

al, 2013) 
http://www.bren
da-
enzymes.org/ind
ex.php 

database BRENDA contains a 
collection of  
molecular and 
biochemical 
information on 
enzymes. 

It may be used when 
we teach about 
enzymes, their 
functions, 
mechanisms and 
parameters reflecting 
enzyme activity.  

ZINC (Irwin et 

al, 2012) 
http://zinc.docki

ng.org/ 

database It contains a collection 
of commercially 
available chemical 
compounds and their 
properties.  

It may be used at the 
university level for 
analysis of the 
interactions of 
biological 
macromolecules with 
drugs and other 
xenobiotics.  
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Furthermore, we state the asked general competences, values and attitudes in 
chemistry, biology and biochemistry developed by using these resources for both 
secondary school and university levels. In addition to these webservers and 
databases, there are two international institutions providing freely available 
data, large multi-core computational clusters, training courses at different levels 
and diverse web services to support bioinformatics research in the field of 
chemistry, biochemistry and biology: European Molecular Biology Laboratory and 
European Bioinformatics Institute ((EMBL- EBI) (http://www.embl.org/, 
http://www.ebi.ac.uk/) and National Center for Biotechnology Information (NCBI)  
(http://www.ncbi.nlm.nih.gov/) respectively.  
 Further we illustrate the use of these databases and bioinformatics tools for 
a biochemistry application concerning the structure and function of one of the most 
known human proteins, haemoglobin. The use of UniProt database for extracting 
the sequence of the protein and some functional information gives the results 
presented in the Figures 1. The code entry of this protein for the UniProt database 
is P69905, as reflected in Figure 1A.  
 

 
A 

 
>sp|P69905|HBA_HUMAN Hemoglobin subunit alpha OS=Homo sapiens GN=HBA1 PE=1 SV=2 

MVLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHFDLSHGSAQVKGHG 
KKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNFKLLSHCLLVTLAAHLPAEFTP 

AVHASLDKFLASVSTVLTSKYR 

B 
FIG. 1. First part of  the access page of the subunit alpha of the human haemoglobin in the UniProt 

database with   some functional information (A) and its e sequence in FASTA format. 
 

 
 The use of UniProt database for studying human haemoglobin reveals that 
adult haemoglobin is a heterotetramer containing two alpha and two beta chains, 
that this protein contains heme as prosthetic group, its biological function being the 
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oxygen binding and transport. Its alpha subunit has 142 amino acids in sequence 
(Figure 1B). There also is other information concerning haemoglobin that may be 
used in specific applications and studies.  
 The Protein Data Bank is used to identify the three dimensional (3D) 
structure of the human haemoglobin and to extract the structural information. 
There are 39 structures concerning the human haemoglobin in the PDB, all of them 
being obtained through X-ray crystallography. We have chosen to analyse a 
structure of the human haemoglobin in the oxygenated form and obtained at a good 
resolution, 1.25Å. This structure has the code entry 2DN1 and its web page is 
presented in the Figure 2.  
 

 
 

FIG. 2. The access page of the human haemoglobin in the PDB   

 
 
 This webpage gives information about the experimental procedure used to 
obtain the structure, published data for this structure, related structures, ligand 
information and other relevant information. There also is a picture illustrating the 
spatial structure of the dimer (one alpha and one beta chain). The web page is used 
to extract the structural file. For this purpose we use Download file button and 
choose the PDB file (text) option to download the structural file to be used in 
windows applications.  

The use of Chimera tool for visualization and characterization of the 
structure of human haemoglobin is illustrated in the Figures 3-5. Figure 3 
illustrates the visualization of the backbone of the dimer (alpha and beta subunits) 
such as the alpha chain is coloured in dark grey, the beta chain in light grey the 
heme in black and the oxygen molecules in dim grey respectively. This picture 
allows the users to identify the secondary structure elements (helices) of the protein 
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and the ligand (the heme group and the oxygen molecule). Figure 4 illustrates the 
surface of the protein revealing cavities and pockets that may be targeted using 
drug molecules.  

 
 

FIG. 3. The spatial structure of the heterodimer of the human haemoglobin: the alpha subunit is shown in 
dark grey, beta subunits in light grey, the heme groups in black and the oxygen molecules in dim grey.  

 

 
 

FIG. 4. The surface of the heterodimer of the human haemoglobin: the alpha subunit is shown in dark grey 
surface, beta subunits in light grey surface and  the heme groups in black surface.  

 
In order to perform a detailed analysis of the interactions of the protein with the 
prosthetic group and oxygen molecule, Figure 5 illustrates the structure of the 
alpha subunit where the lateral chains of the amino acids interacting with the heme 
group are revealed.  
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 Information about the ligand (the heme group) is obtained from the ZINC 
database. Figure 6 illustrates the page of the heme within this database.   
 
 

 
 
FIG. 5. Visualization of the interacting residues (labelled, black) with the heme group (grey sticks) and the 

oxygen molecule (grey spheres).  

 

 
 

FIG. 6. The heme molecules page inside  ZINC database. 
  

Zinc database also contains useful information about the chemical molecule, 
its molecular properties being presented in the Table 2.  
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TABLE 2. Molecular properties of the heme group: logP- the partition coefficient, tPSA – topological polar 
surface area, MW – molecular weight. 

Property logP Net charge tPSA (Å2) MW 
(g/mol) 

Rotatable 
bonds 

value 7.70 0 140 562.67 8 

 
Data presented in Table 2 reflects that heme is a highly hydrophobic molecule (the 
logP value is positive and high), with a neutral net charge and a small topological 
polar surface area and also a flexible molecule having a big number of rotatable 
bonds. All these properties are important for judging the absorption, diffusion, 
metabolism, excretion and toxic (ADMETox) properties of the heme, that is used 
as a component of the Proferin, an iron supplement administrated to prevent or 
treat low levels of iron in the blood. 
 

CONCLUSION 
Within this paper we illustrated how a few bioinformatics resources may 

be used in the classroom for both secondary school and university levels. The use 
of bioinformatics resources facilitates the understanding of the composition of 
living matter at molecular level and the molecular interactions governing many 
physiological processes. Our experience in teaching and using bioinformatics 
resources at the university level in the last 12 years allow as to advertise that 
students appreciate these resources as actual, with a very attractive presenting form 
and extremely useful. Our experience refers to the master students and they always 
made the reflection that these tools would be extremely useful for them in the 
undergraduate level when they studied biochemistry and molecular biology.  

Moreover, due to a project for the development of the human resources, 
during the last year we had the opportunity to work with pupils from the secondary 
school. We presented them a few basic bioinformatics resources and they were 
very interested and they told as that this information helps them to understand 
better the living world and the connections between different topics studies at 
school.  
  The use of bioinformatics resources (both databases and web services) 
represents an ideal framework to develop classroom activities permitting the use of 
enquiry-based learning and learning by discovery. In addition, for the pupils in the 
last classes of the secondary schools and for the university level, these resources 
permits to use the project or/and research theme as a didactic method for 
chemistry, biochemistry and biology.   
 We underline the usefulness of studying bioinformatics at the secondary 
school and university levels and the necessity to prepare the secondary school 
teacher to be able to use the bioinformatics resources.  
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