
 

Lesson Plan 

Program Ph.D. in Systems Biosciences 

Course MBSB 502 Applied Systems Biosciences 

Lecture topic Protein Database and Protein Visualization 

Lecturer  Dr.Duangrudee Tanramluk     E-mail: duangrudee.tan@mahidol.ac.th 

Date/Time    Thursday 26 March 2020 (9.00 am -12.00 pm)  

Via  Skype ID (duangrudee) or  

 Webex (https://mahidol.webex.com/meet/duangrudee.tan) 

 Learning Objectives: 

 At the end of this lecture, students should be able to   

 1. describe about protein structural database characteristics and applications 

2. query sequence and structure data retrieval using structural database query forms 

3. become familiarized with protein structure molecular visualization tools 

Lesson contents in brief: 

 Structural database characteristics, structure data retrieval, Gene Ontology, structure 

visualization, creating molecular graphics and animations 

References:  

1. Lesk, A.M. (2008) Introduction to Bioinformatics. Oxford University Press. 

2. Bourne, P.E. and Weissig, H., eds (2003) Structural Bioinformatics. John Wiley & Sons. 

Learning organization: 

  1. Lecture 

  2. Hands on practice 

  3. Questions and answers 

Learning materials provided: 

  1. Powerpoint slides (https://ajarnwi.wordpress.com/) 

  2. Handout 

Student Assessment: 

  Assignment 
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Protein database  

 

Database is a kind of electronic filing cabinet i.e. it is a repository or container for a collection of 

computerized data. In this lecture, I will give a set of practical problems for an understanding of 

structural databases of biomolecules which previously introduced in MBMG500 Bioinformatics 

lecture, but will be more focus on the ones that are related to Protein Data Bank. 

 

Structural databases can be characterized by the nature of the contents, the ontology, the 

interrelationships among the data, the format and the routes of data retrieval. The primary data 

sources will be responsible for gathering the data and curation  of the structural data such as RCSB 

protein Data Bank and PDBe. In addition, there are many derived databases, which normally take 

data from primary data sources to recombined, reformat, reannotate and re-present, such as CATH, 

SCOP and MANORAA. Most of the time structural databases are used for finding the structure 

that correspond to a given protein sequence or ligand to allow further detailed analysis. Therefore, 

it should enable fast & flexible query, data mining and should be regularly maintained to allow 

integrity among several databases. 

 

Introducing the repertoire of protein fold 

Students will be given a hands-on practice on  how to use a 

simple molecular visualization tool, i.e. Biovia Discovery 

Studio.  An exercise on eyes and hands coordination by using 

the 3 button wheel mouse to create the physical model 

structure of cytochrome 256B will be given. Students are 

allowed to browse through CATH database to explore the 

vast amount of protein folds and craft metallic ribbon will be 

given for students to make physical model of their choice. 

 

Figure 1 Example of a physical model of 
proteins made by metallic ribbon 

 

 



Protein structure which affects the body function 

 

An example of genetic codes for hemoglobin 

beta chain will be used for a discussion of how 

aberrant genetic information can lead to a 

severe disease and organ failure. Sickle cell 

anemia causing protein will be used as an 

example query for analysis of a protein with 

one point mutation that affects the wellbeing of 

the patient. This disease is characterized by 

abnormally shaped red cells resulting in chronic 

anemia and periodic episodes of pain, serious 

infections and damage to vital organs.  

 

 

 
Figure 2 Normal red blood cells are round and 
flexible and flow easily through blood vessels, but 
in sickle cell anemia, the abnormal hemoglobin 
(called Hb S) causes red blood cells to become 
sickle shape and stiff. These stiffer red blood cells 
can led to microvascular occlusion thus cutting off 
the blood supply to nearby tissues. The disease is 
caused by genetic mutations affecting the beta 
hemoglobin gene. (Reference: 
http://omim.org/entry/141900#0243) 
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Hemoglobin Beta 

Nucleotide Sequence (444 nt):  

ATGGTGCATCTGACTCCTGAGGAGAAGTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAACGTGGATGAAG 

TTGGTGGTGAGGCCCTGGGCAGGCTGCTGGTGGTCTACCCTTGGACCCAGAGGTTCTTTGAGTCCTTTGG 

GGATCTGTCCACTCCTGATGCTGTTATGGGCAACCCTAAGGTGAAGGCTCATGGCAAGAAAGTGCTCGGT 

GCCTTTAGTGATGGCCTGGCTCACCTGGACAACCTCAAGGGCACCTTTGCCACACTGAGTGAGCTGCACT 

GTGACAAGCTGCACGTGGATCCTGAGAACTTCAGGCTCCTGGGCAACGTGCTGGTCTGTGTGCTGGCCCA 

TCACTTTGGCAAAGAATTCACCCCACCAGTGCAGGCTGCCTATCAGAAAGTGGTGGCTGGTGTGGCTAAT 

GCCCTGGCCCACAAGTATCACTAA 

 

The fifth, sixth, and seventh codons of normal Hemoglobin are CCT-GAG-GAG; in Hemoglobin 

S, they are CCT-GTG-GAG.  

A good repository to obtain protein sequence and function information  is called the UniprotKB 

database. Below is what can be obtained when query for hemoglobin. 

Hemoglobin Beta 
        10         20         30         40         50         60  

MVHLTPEEKS AVTALWGKVN VDEVGGEALG RLLVVYPWTQ RFFESFGDLS TPDAVMGNPK  

 

        70         80         90        100        110        120  

VKAHGKKVLG AFSDGLAHLD NLKGTFATLS ELHCDKLHVD PENFRLLGNV LVCVLAHHFG  

 

       130        140  

KEFTPPVQAA YQKVVAGVAN ALAHKYH 

 

Students will retrieve the sequence of UniprotID HBB_HUMAN in the FASTA file format and 

then mutate the sequence with Notepad and choose the highest %matching scores given by 

PDBsum.  The ribbon model and space-filling model can be created for protein-protein complex 

formation using Biovia Discovery Studio. 

 

 



Ontology for the study of biomolecules 

Gene Ontology is a set of controlled vocabulary to describe biological processes, molecular 

function, and subcellular location, which have relationships from parent to child  in the tree-like 

format. These sets of terms are limited, explicit and carefully designed for distributing queries 

among several databases that are related to genes and proteins.  With Gene ontology IDs, batch of 

proteins with the same function can be  downloaded with ease. Student will batch download a set 

of Cycling-Dependent Kinases (CDK) with high resolution and observe ligand and protein 

interactions inside the pocket.  

 

  

Figure 3 Gene Ontology of Protein kinase (GO:0004672) with molecular function called protein kinase 
activity  



Protein Visualization  

CRISPR-cas9  protein  is selected because its of importance to modern molecular biology studies 

and its capability to bind to both RNA and DNA in the same structure. Student will create a half 

ribbon, half surface model coloured by pKA gradient and doing detailed selection of various amino 

acid segments to represent different functional parts of the molecules. I will describe the use of 

background, shading, surface materials, so that students can learned a set of molecular graphics 

functions to create a figure for publication and molecular animations for presentations. Student 

will be making poster using pictures generated from Biovia Discovery Studio and also making 

molecular animations from still pictures using Photoscape. 

 

  

Figure 4 Example of CRISPR-Cas9 molecular graphics artwork I taught in 2016 
 


