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FOREWORD

This Lab Manual on “BIOINFORMATICS” is prepared in accordance with
the updated syllabus under DBT Star College Scheme sponsored by the Department
of Biotechnology, Ministry of Science and Technology, MHRD, New Delhi to
fulfill the needs of students.

This manual could enable the students to retrieve protein, nucleic acid sequence
using different tools and to interpret the results. The protocols included in this
manual elaborate the step by step procedure with URL link and illustrations.

We thank the Department of Biotechnology, Ministry of Science and
Technology, MHRD, New Delhi for providing a good opportunity under Star
College Scheme (No.HRD11011/163/2020-HRD-DBT Dt.24.8.2020).

We hope this manual will definitely meet out the student’s needs to perform the
experiments that enhance their research skills in the drug development.

QoHAE R

Member Secretary/Coordinator Chairman/Principal




FOREWORD

Bioinformatics is an evergreen, emerging interdisciplinary field in life
science. It provides a medium for the exchange of information in the fields of
computational molecular biology and the post-genome era, with an emphasis
on the documentation of large data sets and databases that allow the progress of

biomedical research in a significant manner.

This lab manual presents a collection of twenty practical exercises, aimed at
providing standard protocols to access nucleic acid and protein sequence
databases, perform sequence alignments, predict secondary structure, and
visualize proteins. This manual introduces the theory and provides a systematic
procedure to facilitate students to carry out the practical exercises in an easy
manner. Overall understanding NCBI resources, accessing biological
sequences from GenBank, performing sequence alignments, and using protein
visualization tools will become easy if the students and researchers use this
manual effectively. I assure that this will become a handy tool and motivation

factor for the basic analysis of sequences.

When the readers finish practicing the exercises in this manual, they will
possess the knowledge to use the various online tools available for processing
the biological data and will have a platform to develop their skills in handling

bioinformatics techniques in the future.

P. Sugapriya Menaga

Reviewer

Assistant Professor of Biotechnology,
ANIJAC, Sivakasi.

PREFACE

The field of bioinformatics, which applies both information technology
and biological science make to prediction about biological processes using
bioinformatics tools. Moreover bioinformatics is an essential part of biological

research and has applications in different practical fields.

This bioinformatics manual helps the beginners to learn step-by-step
procedure that will make the learners to follow the experiments easily. This
manual covers the curriculum for the Biotechnology, Microbiology and

Biochemistry students at the undergraduate level.

I would like to express my heartfelt gratitude to the reviewer,
Mrs.P.Sugapriya Menaga, Assistant Professor, Department of Biotechnology,
ANJAC, Sivakasi for her useful suggestions to improve the quality of this

manual.

K.Sudha Rameshwari

Assistant Professor,

Department of Biochemistry,
V.V.Vanniaperumal College for Women,
Virudhunagar-626001,

Tamilandu, India.
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INTRODUCTION TO BIOINFORMATICS

Bioinformatics is a newly emerging scientific discipline for
the computational analysis and storage of biological data.
Bioinformatics is the field in which biology, computer science and
information technology merges into a single discipline for managing

and analyzing biological data using advanced computing techniques.

OBJECTIVES

e To organize data, to access existing information and to
submit new entries as they are produced.

e To develop tools and resources that aid in the analysis of data
e To analyze the data and interpret the results in a biologically

meaningful manner

SCOPE OF BIOINFORMATICS

Biological and medical labs use methods that produce
extremely large data sets, which cannot be analyzed for instance
sequencing human genomes. Thus, modern biological and
medical research and development cannot be carried out without
bioinformatics. In addition, bioinformatics plays an important role
in biomedical research. Research in the area of genetic diseases

and medical genomics is rapidly developing and the future of

personalized medicine depends on the application of
bioinformatics approaches.

This course focuses on employing existing bioinformatics
resources - mainly web-based programs and databases - to access
the wealth of data to answer questions relevant to the average
biologist, and is highly hands-on. Different types of career
opportunities are available for the students of bioinformatics like
Scientific Curator, Gene Analyst, Protein Analyst, Phylogenitist,
Research Scientist / Associate, Data Base programmer,
Bioinformatics software developer, Computational biologist,
Network Administrator / Analyst, Structural Analyst, Molecular
Modeler, Biostatistician, Biomechanics, Database programmer,

Cheminformatician, Pharmacogenetician, Pharmacogenomics etc.
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RETRIEVAL OF NUCLEOTIDE SEQUENCE FROM
GENBANK
AIM
To retrieve the gene from Genbank and to save the sequence in
FASTA format
INTRODUCTION
Entries of nucleotide sequence are stored in Genbank nucleotide
database. Each entry contains complete information about the particular
gene. Genbank website is accessible for anyone who is interested in
getting the entry for research.
PROCEDURE
e Type NCBI in the web browser and click search, click National
Center for Biotechnology Information, it directs to the URL :
https://www.ncbi.nlm.nih.gov/ (Figure 1) OR
e Type the URL https://www.ncbi.nlm.nih.gov/ directly in the

space for address in the address bar and press the enter key.

e NCBI homepage will appear.

e Click the All Databases drop —up menu and drag the bar and
select nucleotide (Figure 2)

e Search list will be displayed, click the suitable accession number

or any gene of interest (figure 4)
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CLICK
FAST

Figure 6: FASTA sequence in new window

o Click the gene of interest/accession number (Figure 4)
e Type Collagen in the search area and click (Figure 3)
e A new window will appear and shows the entry of the collagen
gene in detail (Figure 5)
e Click the FASTA, FASTA sequence appears in the new window
(Figure 6)
e Copy the FASTA sequence and paste it in note pad
e Save it for further investigation.
RESULT
The collagen gene was retrieved and saved as FASTA format in
notepad.

OUTCOME

Students acquire the knowledge to retrieve any gene from
Genbank. From the retrieved sequence flat file, details of sequences,
submitter’s details, biological significance, and the scientific name
and taxonomy of the organism is understood. A feature table shows
characteristics that indicate coding regions, transcription units,
mutation locations, etc. Retrieved gene sequence is useful for gene
analysis. It can be compared with other sequences to determine which

gene is mutant. It enlightens the diagnosis of hereditary disease.
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RETRIEVAL OF PROTEIN SEQUENCE FROM GENBANK

AIM
To retrieve the protein from Genbank and to save the sequence in
FASTA format
INTRODUCTION
Entries of protein sequence are stored in Genbank database.
Each entry contains complete information about a particular protein.
Genbank website is accessible for anyone who is interested in getting
the entry for research.
PROCEDURE
e Type NCBI in the web browser and click search, it shows
National Center for Biotechnology Information, click National
Center for Biotechnology Information, it directs to the url :
https://www.ncbi.nlm.nih.gov/ or home page of NCBI (Figure 7)
Or
e Type the url: https://www.ncbi.nlm.nih.gov/ web/Genbank/
directly in the address bar and press the enter key
e NCBI homepage will appear
e Click the All Databases drop —up menu, and drag the bar to
select protein (Figure 8)
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e Type collagen in the search area and press enter key or click
search

e Search list will be displayed (Figure 8)

o Select the suitable accession number that describes collagen

e Click the accession number of collagen

e A new window will appear and shows the entry of the collagen
gene (Figure 9)

e In display format, in place of summary choose “FASTA”

e Only sequences will be shown (Figure 10)

e Copy the sequence (Figure 11) and paste it on note pad (Figure
12) and save it for the further investigation

RESULT
The Protein sequence was retrieved and saved as FASTA

format in notepad.
OUTCOME

Students master the technique of sequence retrieval which is the
basic step in bioinformatics. From the retrieved sequence flat file,
details of sequences, submitter’s details, biological significance, and
the scientific name and taxonomy of the organism are understood.
Sequence retrieval is essential for the analysis of primary, secondary

and tertiary structure of any protein sequence.
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SIMILARITY SEQUENCE SEARCH USING BLASTN
AIM
To find the similarity of sequence for the given nucleotide or
protein sequence
INTRODUCTION
BLAST is Basic Local Alignment Search Tool. It is a
technique for finding homology and similarity. It is a tool for
searching of sequences that are similar to one another in databases. By
matching the novel sequence with previously defined genes, it
compares novel gene sequences with nucleotide databases. This tool
focuses on identifying areas of sequence similarity. It will provide
information on the structure and function of the novel sequence.
Instead of using the best alignments, it looks for areas of sequence
similarity. It produces ungapped alignments. It reports multiple local
alignments between the query and database. It is based on an explicit
statistical theory.
PROCEDURE
e Type BLAST in the web browser and click search
e Click the first link, BLAST (Figure 13)
e Go to Blast Home page (Figure 14)
e Click nucleotide blast BLASTN (Figure 15)

14
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Depending on the type of sequence, the programs in BLAST
differs. They are

> Blastp compares an aminoacid query sequence against a
protein sequence database

» Blastn compares an nucleotide query sequence against a
nucleotide sequence database

> Blastx compares a nucleotide query sequence translated in
all reading frames against a protein sequence database.

> tblastn compares a protein query sequence against a
nucleotide sequence database dynamically translated in all
reading frames.

» tblastx compares the six frame translation of a nucleotide
query sequence against the six frame translation of a
nucleotide sequence database.

e Paste the sequence (FASTA format) in the given box of

BLASTN or paste the accession number (Figure 15)

e Tick the box “results in new window” in the last line of

BLASTN Home page (Figure 15)

e Click BLAST (Figure 15)
e In the new window, format request display is shown, wait for

few seconds, it leads to result page

16




e In the result page, the blast results for sequence similarity
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SIMILARITY SEQUENCE SEARCH USING BLASTP

AIM

To find the similarity of sequence for the given protein sequence
INTRODUCTION

BLAST is Basic Local Alignment Search Tool. It is a technique
for finding homology and similarity of protein sequences. It is made
for the Windows platform and is employed to carry out DNA or protein
similarity searches. The source is NCBL It is a tool for searching for
sequences that are similar to one another in databases. This tool
focuses on identifying areas of sequence similarity. It is used to
compare a novel protein sequence against protein database by aligning
the novel sequence with previously characterized protein. The
emphasis of this tool is to find regions of sequence similarity. It will
yield functional and evolutionary clues about the structure and function
of the novel sequence. It finds out patches of sequences similarity
rather than best alignments. It produces un gapped alignments. It
reports multiple local alignments between the query and database. It is
based on an explicit statistical theory.
PROCEDURE

e Go to NCBI Blast page

e Chose the Blast program for proteins BLASTP (Figure 18)
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Login

e Copy the sequence from the notepad. Avoid the first FASTA line.

BLAST 5 blastp sute » resulsfor RID-SHFNYBIWO16 Home  Recent Resulls Saved Sraegies Help

S Paste the protein sequence in the search window of BLASTP.

© Howto read thisreport? @ BLAST Help Videos 'DBack o Traditonal Results Page

WTHe  qHAAREIRS| FilerResis (Figure 19)
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Pogam BASTPO Cizav [ exonee e Tick the box “results in new window”, in the last line of blast
Database o See gefais v
+ idioasn Home page

QueryID AMARETS6 1

Description moglobin [ y Evalie Query Coverage. .
Moleculetype  aminoacid I:ml: I:lwl: :‘mj e Click BLAST
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Figure 19a: Result page of Blastp
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https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_CAA77743
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Figure 19b: Graphical summary page
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OUTCOME

By learning BLASTP, students gain the knowledge to compare
the new protein sequence with the protein database by aligning the
novel sequence with previously characterized protein. From the
comparison, students can obtain functional and evolutionary clues

about the structure and function of the novel sequence.
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Protein Data Bank

Figure 20 : Web browser page

e =
e/

Enter the
interested

Click

protein
name or ID

Figure 22: Result summary page
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ACCESSING STRUCTURAL DATABASE AND
DOWNLOADING THE PROTEIN STRUCTURE
AIM
To access the PDB (Protein Data Bank) structural database and
to download the protein structure.
INTRODUCTION
The three dimensional structure of biomolecules plays an
important role in the functions and maintenance of the structural
features of an organism. These structures were deciphered by research
scientists and deposited in the databases, specifically designed for
structural submission, for worldwide use. Research Collaborator for
Structural Bioinformatics (RCSB), manages of the PDB. It provides
free resources to assist the fields of biology and bioinformatics. It
provides detailed information about sequence, atomic coordinates,
structure factors, and crystallization conditions etc.
PROCEDURE
e Type PDB in the web browser search field (Figure 20)
Click the RCSB page (Figure 20)

Go to the WWW.rcsb.org (Figure 21)
e  Enter the protein name of interest in the search box

Click Go
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http://www.rcsb.org/

A SPDEB fonuc- Bime oo

inicollagen-I from Hydra

e ED

the protein structure in PDB format

Figure 23: Download

e ——— - - i o [ \ |

Protein structure

downloaded in
pdb format

Figure 25: Downloaded protein structure is visualized in Molecular visualization
tool (Rasmol and Swisspdbv)
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e Choose the protein name of interest (Figure 22)
e Click the ID
e Click the download file (Figure 23)
e Click PDB format (Figure 23)
e Download file as PDB format (Figure 24)
e Save file
e View the protein structure in the molecular visualization
tool like RASmol, Swisspdbv (Figure 25)
RESULT
The protein structure was downloaded and their descriptions were
observed.
OUTCOME
Students get trained to retrieve any protein structure from
structural protein database and can understand the characteristics of

the protein structure.
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Figure 26: Google search page
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Figure 27: Ensembl home page
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WORKING WITH ENSEMBL

AIM

To retrieve the vertebrate genomic information
INTRODUCTION

Ensembl is one of the several well-known genome browsers for
the retrieval of genomic information. It is considered to be the
universal information source for the human genome. Data available in
Ensembl include genes, SNPs, repeats and homologies. Genes may
either be known experimentally or deducted from the sequence;
because the experimental support for annotation of the human genome
is so variable. It presents the evidence for identification of every gene.
Extensive linking to other databases containing related information
such as OMIM or expression databases is also available. Ensembl tools
include BLAST, BLAT, BioMart and the Variant Effect Predictor
(VEP) for all supported species.
PROCEDURE

e Type Ensembl in the web browser search field

e Click Ensembl genome browser 109 (Figure 26)

e Go to the home page, First choose the species of interest

and type gene of interest or disease name (Figure 27 & 28)
and click go
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BLAST/BLAT | VEP | Tools | BioMart | Downloads | Help & Docs | Blog

Tools BioMart > BLAST/BLAT > Variant Effect Predictor >
All tools Export custom datasets from Search our genomes for your DNA Analyse your own variants and
Ensembl with this data-mining tool or protein sequence predict the functional consequences
of known and unknown variants
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Select Search
Human ———>Human <] for
u diabetes

.9 BRCAZ o rat 5:62797383-63627669 or rs639 or coronary heart disease

19904 rasulis match diabatos whan resirictad to [ Epacies” Human 3¢ |

man Phenotype)

Figure 29: List of diabetes gene
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Figure 30: Details of diabetes were listed
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e List of genes were displayed (Figure 29)

e Select one and click

e Details of diabetes were shown (Figure 30)

e Click hyperlink one by one; the details of variant, genomic
location, reported genes, phenotype/genotype trait, annotation
source, submitter, and external reference were known. (Figure
30)

RESULT
The diabetic gene annotations were retrieved from the Ensembl

genome browser.

OUTCOME
Students can retrieve any vertebrate gene and its details from the

Ensembl genome browser.
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clustalw

s e 6048 UK » Toos

lustal Omega < Multiple Sequence Alignment < EMBL-EBI

Figure 31: Google Search

Multiple Sequence Alignment by CLUSTALW

© FAST/APPROXINATE  SLOW/ACCURATE

>AAC47544.1 hemoglobin [Daphnia magna)
MASFKIALLLGVIAFVNACSQAPGTTTTTVTTTVTTVSADDGSEAGLLSAHERSLIRKTWDQAKKDGDVA
[PQVLFRFVKAHPEYQKMFSKFANVPQSELLSNGNFLAQAYTILAGLNVVIQSLFSQELMANQLNALGGAH
QPRGATPVMFEQFGGILEEVLAEELGSGFTAEARQAWKNGLAALVAGIAKNLKKAEDLADPQTKLTPHQ
[RDVQRSWENIRNDRNALVSSIFVKLFKETPRIQKFFAKFANVAVDSLAGNAEYEKQIALVADRLDTMISA
IMDDKLQLLGNINYMRYTHTERGIPRAPWEDFSRLLLDVLGSKGVSTDDLDSWKGVLAVFVNGVSPIKK

>QJF11762.1 hemoglobin [Lasiopodomys mandarinus]
IMVLSGDDKTNIKNAWGKIGGHAGEYGAEALERMFAVYPTTKTYFPHFDVSHGSAQVKAHGKKVADALTTA
/GHLDDLPGALSALSDLHAHKLRVDPVNFKLLSHCLLV TLANHIPADFTPAVHAS LDKFLASVSTVLTSK

. Fiéure 33: sequences in the notepad
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MULTIPLE SEQUENCE ALIGNMENT
AIM
To study the closely related genes or proteins
INTRODUCTION
ClustalW tool isused for aligning multiple nucleotide or
protein sequences. It uses progressive alignment methods, which align
the most similar sequences first and work their way down to the least
similar sequences until a global alignment is created. A multiple
sequence alignment tools called Clustal Omega creates alignments
between three or more sequences by using HMM profile-profile
algorithms and seeded guide trees. Multiple sequence alignment is a
tool used to study closely related genes or proteins in order to find the
evolutionary relationships between genes and to identify shared
patterns among functionally or structurally related genes.
PROCEDURE
e Type multiple sequence alignment tool in the web browser
search field (Figure 31)
e Click Clustal Omega < Multiple Sequence Alignment <

EMBL-EBI Or
e Click  Multiple Sequence Alignment-CLUSTALW —
Genome Net ((Figure 31)
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Multiple Sequence Alignment by CLUSTALW
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alignment

||} g et FERCET ]

Figure 34: Paste the sequences in the box

CLUSTALW Result

[dusta ) ctstay dnresdme]
=

Faliee

mu

Choose tree
and click

o
o botstap

Figure 35: Result page
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e Go to home page (Figure 32)

e Copy the sequences from the notepad (Figure 33)

e Paste the more than two sequences in input sequences box
(Figure 34)

e Choose the sequence as protein or DNA (Figure 34)

e Click submit or execute multiple sequence alignment
(Figure 34)

e Result page is shown (Figure 35)

e Choose fast tree and click

e Phylogenetic tree was displayed (Figure 36)

RESULT

e The close relationship for this NP_001275068.1 (any one
Id which sequences are pasted in input sequence box) is
NP_001104966.1.

e The far relationship for this NP_001275068.1 (any one Id
which sequences are pasted in input sequence box) is
AAA29796.1.

OUTCOME
Using this multiple sequence tool, students attain the ability to
infer the evolutionary relationships between the sequences under

study.
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Figure 36: Phylogenetic tree
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Google

v @ PREDICTING PHYSIOCHEMICAL PROPERTIES OF
o PROTEIN SEQUENCE

AIM
To predict the physiochemical properties of protein sequence

using ExPASy resources.
Figure 37: search bar INTRODUCTION
With the help of the tool ProtParam, users may compute a

number of physical and chemical parameters for a specific protein that

rces have been added to Expasy: BepSucetines, Gvcolores, Gca@Exoasy, and Vriomes, Feel free to have

Expasy is contained in Swiss-Prot or TrEMBL, as well as for a user-entered

‘Swiss Bloinformatics Resource Portal

protein sequence. Molecular weight, theoretical pl (Isoelectric point),

B Genes & Genomes

amino acid composition, atomic composition, extinction coefficient,

SIB Resources ©

B E X wiE % assumed half-life, instability index, aliphatic index, and grand average

2n Yo cn o lroaton s T o = of hydropathicity (GRAVY) are among the calculated characteristics.
Figure 38: Home page of ExPASy

o - 8 % PROCEDURE
«E)(;a-s;zw - e s Hh -M r e Type ExPASy in the web browser search box (Figure 37)
el [C ] e Click ExPASy
- S . ¢ Go to ExPASy page, enter specific proteomic tool in search
L resoceloind o retearam e Dbox (Figure 38) Or
w e Enter the url: https://web.ExPASy.org/ProtParam/

e For predicting physiochemical properties, type ProtParam

and enter

s s of Bomtormates | Tems of Use B

Figure 39: Search Results Page
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https://web.expasy.org/protparam/

Expasy=

ProtParam

Figure 40:

What you can do with this

Browse these keywords in
Exi

Resource page

Escpasy = Prowaram

II Paste the sequence in the box |

L P P — « &

S C & wehepaen/potanny

Expasy * ProtParam

ProtParam tool

Pl o OGN 5 5L A5 ol o i o o gl S Tl O A e S 019 L T 8

theoratical pl, amino acid composiion, atomic compaosition, extinction coaficient, estrmated half-

e, meabiy dex. a P

Plcase note that you may only fil out one.of the following fieds at a fime.

Entera

5-ProUTIEMBL accession number (AC) (for or

o

rar DX EOXEDTEAPOVEKEDPGAQSPPOEKOKDS
OHGAPGAKGSNGD

W’@‘\-

B sy operateaty e s Suis sttt of Binfrmatics | Tems of Use

(D) for |_OROME)

Figure 41: sequence pasted in the ProtParam tool box
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Backio e 1op

e Select protoparm tool (Figure 39)

e Click “browse the resource website”, protoparm tool page is
opened in new window (Figure 40)

o Paste the protein sequence / accession number in the given box
(Figure 41)

e Click compute parameters (Figure 41)

RESULT
Using ProtParam tool, the physicochemical properties of protein

sequence were predicted as follows (Figure 42):

e Number of aminoacids:718

e Molecular weight: 72106.72

e Theoretical pl: 7.31

e Total number of negatively charged residues (Asp + Glu): 77

e Total number of positively charged residues (Arg + Lys): 77

OUTCOME
Students learnt the art of analysing the physical and chemical

properties for a specific protein.
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Atomic composition

Carbon C
Hydrogen  H
Nitrogen N
Oxygen 0
Sulfur 5

3158
4974
926
986
16

Formula: CyygottigrlsaeOassSis

Total number of ats

ons: 18852

Extinction coefficients:

Extinction coefficients are in units of M1 cml, at 280 nm measured in water.

Ext. coefficient
Abs 0.1% (=1 g/1)

Ext. coefficient
Abs 0.1% (=1 g/1)

34545
0.479, assuming all pairs of Cys residues form cystines

33920
0.470, assuming all Cys residues are reduced

Estimated half-life:

The N-terminal of

the sequence considered is £ (Glu).

The estimated half-life is: 1 hours (mammalian reticulocytes, in vitro).

Instability index:

30 min (yeast, in vivo).
»18 hours (Escherichia coli, in vivo).

The instability index (II) is computed to be 24.32
This classifies the protein as stable,

Aliphatic index: 55.43

Grand average of hydropathicity (GRAVY): -0.777

Figure 42: Result page of Protoparam tool
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Expasy?

Home  Aoout  SBNews

1 resource found for PeptideMass

A/l Tool opens in new window

PeptideMass B

2. BLAST, P10, MSH, Amn

ST o computs i Thetoolaso

What you can do with this
resource

Prof o analyss

rwegh

reluns theoreical soelectrc point and mass values for e protein o nferest. I desired, Pep!

5 andcan may be affected
palymarphisms or splice variznts

Protan isoslectic pont caculaton

Browse these keynorcsin
Expasy

Figure 44 : Peptide Mass resources site
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PREDICTING PEPTIDE MASS OF PROTEIN SEQUENCE

AIM
To predict the peptide mass of protein sequence using ExPASy
resource
INTRODUCTION
In the analytical method of protein identification known as
peptide mass fingerprinting (PMF), the unknown protein of interest is
first broken up into smaller peptides whose absolute masses may be
precisely determined with a mass spectrometer like the MALDI-TOF
or ESI-TOF.
PROCEDURE
e Type ExPASy in the web browser search field
e Click ExPASy
e Go to ExPASy page, Enter Peptide Mass in the search field
(Figure 43) Or
e Type url : https://web.ExPASy.org/peptide_mass/
e Click peptide mass tool
e It leads to peptide mass resource page
e Click the “Browse the resource website”, Peptide mass tools
site opens in new window (Figure 44)

e Paste the protein sequence of interest
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Figure 45: Peptide Mass tool site showing different enzymes for selecting to cleave
protein sequence

a . -
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O with melhionines oxidized
® M+H]' o O Mior O [M-HI or O [Ms2HIZ' or O [Ms3HI®!
O average o ® monoisolopic:
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Figure 46: PeptideMass tool site with pasted sequence and click to perform
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e Move the cursor to choose which type of enzyme to cleave the
interested protein sequence (Figure 45)

e Select "trypsin" from the drop-down box under "Select enzyme:
in the tool," if we want other enzyme use drop menu and select
the desired enzyme (Figure 45)

o Click perform (Figure 46)

e Result page shown (Figure 47)

RESULT

e The high molecular weight peptide mass sequence is
TGPPGKPGPPGPPGPPGIQGIHQTLGGYYNK, position 309-
339and its molecular mass is 3036.5689

e The low molecular weight peptide mass sequence is QELK,

position 174-177 and its molecular weight is 517.2980.

OUTCOME
Students can identify the molecular weight of peptide after

cleavage of protein using different enzymes or chemicals.
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The selected enzyme is: Trypsin

Maximum number of missed cleavages (MC): 0

Al cysteines in reduced form

Methionines have not been oxidzed

Displaying peptides with a mass bigger than 500 Dalfon.

L S e WH?

“The peptdemasses fom your sequence e

[Theoreical pl: 7.31 / M (average mass): 7210672/ My (monoisotopic mass): 72062.31]

mass  position #HC modifications. sequence
3036.5639 309339 0 ‘TGPPGKPGPPGPPGPPGIQG HATLGGYYNK
2972580 94 0 FRVLETWQVLNGONIPQISI WDGGK
25914806 562588 0 DGKPGLPGPPGOPIALPLLG DIGALLK
238218365768 0 GDEGLQGPGIPGAPGPTGP PGLMGR
BANBITAM 0 GDTGPPGPPALPGSLGIQGP QGPPGK
23372305 6989 0 LGISIQSQVISLYMDCNLIAR
21112 %5 0 WEFMFQATEGDVLNYIFR
22050029 145165 0 CPEQDGFGNIASSWVTAHAS K
204987212514 0 IYCSANLIAQETCCEISDTK
2038.0828 50455 0 GLPGVHGSPGDIGPAGIGIP GR
1845.8911 696715 0 (GSDGPPGKPGPPGPPYSCSR
1815.947 542561 0 GLPGLPGTPGTPGNDGVPGR
1148850206222 0 GEPGENGLHGAPGFPGQK
1667.8308 480497 0 SLPGEPGLDGNPGAPGPR
1627502 526541 0 TGAQGPAGEPGIQGPR
1437 A1 580607 0 NFCENCOASVPGI K
14207045 456471 0 GOPGGIIGPPGLPGRK
14257332204 268 0 GDPALAGLNGENGLK
1399 715 357371 0 GFTGI POIPGSVGIK
13226690 101201 0 GLAGLPGAPGSPSUK
1325161420431 0 GQQGSAGSMGPR

85796 259970 0 GDIGPHARPGK

1206055 390201 0 GEPGVIGSUGVK
125123343353 0 GNDEHEAGGLK
10484550 178985 0 DACACIPNK
0a 5089 5104 U ELRPLEDR

10355258 18 0 ETVPRAR

AT 47T 608516 0 GLLGGAGLPGK

9614625375383 0 GEPGEPFTK

BT 003 0 DTVDFHGR

9304214223201 0 GLOGFLGSK

924741683092 0 TGHPGPTGAK

ST 41T 64865 0 GYPGIPGFK

09,4545 166113 0 MSYLEAK

7501257630637 0 GPPGPGR

T4 MBBBITE) 0 YNSMAR

L3624 402409 0 GLAGHRGK

6604030 104-100 0 TVIRTR

5472005232243 0 CEQGEK

G286 Y U QIvEK

6202886 232:237 0 GETGEK

6143056 62620 0 GOIGPR

508.3006 6568 0 QUHK

17080174477 0 QFIK
907%, <500Dacr>

Figure 47: Result page of peptide mass
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Figure 48: Google search list with peptide cutter
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Figure 50: Paste the sequence and click to perform
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PREDICTING CLEAVAGE SITE OF PROTEIN SEQUENCE

AIM
To predict the cleavage site of protein sequence using ExPASy
resource (Peptide cutter).
INTRODUCTION
Peptide Cutter explores for protease cleavage sites in a protein
sequence given by the user, a protein sequence from the SWISS-PROT
and/or TTEMBL databases, or both. Users can use a protease, a group of
proteases, or the entire list of proteases and compounds. Different
forms of output of the results are available: Tables of cleavage sites that
are either ordered alphabetically by the names of the enzymes or
sequentially by the number of amino acids are available. A map of the
cleavage locations is a third possible result. The user can choose the
block size to print out the sequence and the cleavage sites that have
been mapped onto it.
PROCEDURE
e Type Peptide cutter in the web browser search field and press
enter
e Click Peptide cutter tool (Figure 48) Or Type url
https://web.ExPASy.org/peptide_cutter/
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https://web.expasy.org/peptide_cutter/

Expasy® Paptidacutiar

Nameof  No.of
i e Posions ofclavage stes
4567901121316 1721 2225 263031 3235 36 40 41 4346 47 48495051 54 55 606164 66676970 71 727374787983 84 67 90 9293 94 86 100101
102104 108 140 112 116 119121 124 126 127 136139 140 141 143 144 145 149 150 151 153 155 158 150 167 163 164 165 185 167 172 {73 174475 177 178 179 180
181182 183 184 185 188 189 100 191 134 195 196 199 200 202 203 208208 200 211213 214 215218 220 220 225 227 230 230 234 235 237 238 240 241 243 247 250
Proteinase m 201 260 53 254 265 266 259 60 260 263 265 266 214 275 276 278 262 264 265 267 266 290 295 297 269 301 307 308 309 314 316 317 118 321 12 24326329 30
K 331333 334 335 338 339 343 345 346 349 350 351 353 354 355 356 357 350 364 365 367 380 370 371 373 374 376 377 378 370 340 381 382 386 367 392 384 305 307
305 40 401 404 405 40 407 411 412414 417 415410 400 472 404 425 407 430 431 43) 433 435 436 430 44) 444 446 447 445 440 450 454 457 463 466 467 469 470
AT3ATA 46477 479 450 451 484 486 407 409 491 493 495 497 498 502503 503 506 512 514 513 517 519 520 521 522,525 506 28 529530 531 532 533 535507 539
54054 543 544 547 557 553 554 555 556 557 563 564 565 56 568 570571 575 578 570 584 585 586 560 590 597 593 504 595 599 600 601 602 603 60560 607 608

+ You have chosen a block size of 60 for tve map.

+ Please note that the cleavage occurs t fhe right side (C-{erminal direcfion) of the marked amino acid.

. fodspley te resits of icking on he espes he mep.

Figure 51: Result page
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* Go to the peptide cutter tool home page (Figure 49)

e Paste the protein sequence of interest in the given box

e Move the cursor to choose the enzyme type to cleave the
sequence of interest or select all available enzymes and
chemicals; Click perform, (Figure 50)

e Result page is displayed (Figure 51)

RESULT
Proteinase K enzyme (Specific enzyme choose) cleaves 328 sites

in a given protein sequence.

OUTCOME

Students can predict the potential cleavage sites cleaved by
proteases or chemicals in a given protein sequence. Peptide Cutter
returns the query sequence with the possible cleavage sites mapped on

it and /or a table of cleavage site positions.
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Figure 52: Google search list with secondary structure prediction tool
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Figure 53: Home page of SOPMA tool
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PREDICTING SECONDARY STRUCTURE OF PROTEIN
SEQUENCE USING SOPMA TOOL

AIM

To predict the secondary structure of protein sequence using
ExPASy resources
INTRODUCTION

Secondary structure predictionis a group of techniques

in bioinformatics that aim to calculate the secondary structures of
proteins and nucleic acid sequences based on the information from
their basic structures (primary structures). Through base pairing and
base stacking interactions, it predicts the formation of nucleic acid
structures like helixes and stem-loop structures while predicting the
formation of protein structures like alpha helices and beta strands for
proteins. The Self-Optimized Prediction Method with Alignment
(SOPMA) is a tool to predict the secondary structure of a protein.
Based on the query (primary sequence of a protein), SOPMA will
predict its secondary structure. Protein secondary structure prediction
offers insight into the activity, interactions, and functions of proteins
as well as serving as an important initial step toward tertiary structure
prediction. The polypeptide backbone of the local conformation

proteins is referred to as the protein's secondary structure.
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https://en.wikipedia.org/wiki/Bioinformatics
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Figure 54: sequence pasted in box
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Figure 55: Result page of SOPMA
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PROCEDURE

e Type SOPMA tool in the web browser search field and press

e enter
e C(Click the NPS@SOPMA secondary structure prediction
(Figure 52)

e Open the SOPMA secondary structure prediction tool home
page (Figure 53)
e Paste a protein sequence in the given box (Figure 54)
o Click submit (Figure 54)
e Result page (Figure 55) is displayed.
RESULT
e The secondary structure location present in the protein
sequence is predicted.
e The secondary structures present in the given sequence are
alpha helix, extended strand, beta turn and Random coil.
e Random coil is the most prominent secondary structure
(70.89%) in the given sequence.
e The lowest percentage of secondary structure in the given
sequence is Beta turn.
OUTCOME
Students learn how to predict the regions of different forms of

secondary structure from the protein sequence.
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QAl @images BNews [lviceos O Shopping i More Tools san

About 26,100 resuls (0.51 seconds)

Scholarly articles for chou fasman secondary structure prediction tool
Chou and Fasman secondary structure prediction - Kuriar - Cited by 116

Predicting protein secondary structure using . -Chen - Cid by 12

Chou-Fasman prediction of e secondary structure of . - Prevelge - Cied by 83

it biogemorg » toal chou-fasman v
@ff SSP: Chou & Fasman Secondary Structure Prediction Server

FSSP is 2 onine program which predcts secondary structure of the protein. n tis program
Chou & Fasman aigorthm is implemented.

People also search for x
chou-fasman algortim ppt  chou-fasman metnod example:

chou-fasman and gor method ~ gor secondary structure prediction

chou-asman code chou-asman homepage

Figure 56: Search list of Secondary structure prediction tool

CFSSP: Chou & Fasman Second=. X+

biogem.org/t

on Server.

This server predicts secondary structure of protein from the amino acid sequence. In this server, Chou &
Fasman algorithm has been implemented.

— Enter the protein sequence (in fasta format) —

Citation:

1. Ashok Kumar, T. (2013). CFSSP: Chou and Fasman Secondary Structure Prediction server. WIDE
SPECTRUM: Research Journal. 1(9):15-10.

Reference:
1. Peter Y. Chov, and Gerald D. Fasman. Prediction of protein conformation. Biochemistry. 1974 Jan;
13(2). pp 222-245.

2. Peter Y. Chou, and Gerald D. Fasman. Conformational parameters for amino acids in helical, p-sheet,
and random coil regions calculated from proteins. Biochemistry. 1974 Jan: 13(2): pp 211-222

Figure 57: CFSSP Home Page
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PREDICTING SECONDARY STRUCTURE OF PROTEIN
SEQUENCE USING CFSSP TOOL
AIM
To predict the secondary structure of the given protein sequence

through CFSSP tool.
INTRODUCTION

CFSSP (Chou and Fasman Secondary Structure Prediction
Server) is an online protein secondary structure prediction server. The
output predicts regions of secondary structure from the protein
sequence such as alpha helix, beta sheet, and turns from the amino
acid sequence. The method implemented in CFSSP is Chou and
Fasman algorithm, which is based on analyses of the relative
frequencies of each amino acid in alpha helices, beta sheets, and turns
based on known protein structures solved with X-ray crystallography.
CFSSP is freely accessible via ExPASy server or directly from
BioGem tools at http://www.biogem.org/tool/chou-fasman.

PROCEDURE

e In web browser, type Chou Fasman secondary structure
prediction tool, search list will be displayed and click CFFSSP
(Figure 56)

e Click CFSSP or http://www.biogem.org> tool » chou-

fasman
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http://www.biogem.org/tool/chou-fasman

CFSSP: Chow & FasmanSecondafy Structiure Predietion Server

e Open the CFSSP secondary structure prediction tool home

R —— page (Figure 57)

-r
e Sha

Co STk e s GO e Paste a protein sequence in the given box (Figure 58)

>AAA36358.1 collagen, partial [Homo sapiens] =
TR E VL QY NOON TP 0T STVVOGCKK YV EFHE QATECOVLIY IFRNRELAPLEDRQUHKLS
ISIQSQUISLYMDCNLIARRQTDE RTVIATRASDGKPVDIELHQLKTYCSANLTAQETCCET

R A L DO QTP GEAGL PeAPGSPGAKGIIGEP GEN : : -
LA P e SEaC P e KCET e KCEGOEKCDPALASLIGENCLKSOL PGP eCPKaEKeoTaPoS ° 1C redict (Figure
PPALPGS1 GTAGPAGPPGKEGORGARGKT GPPGRP GPPGE P ORKGNDEEAG -

ST ‘% e Result page (Figure 59) is displayed.
e

1. Ashiok Kumar, T. (2013). CFSSP: Chou and Fasman Secondary Swniiiee Prediction server. WIDE
SRR RS P LA 1S RESULT

Reference:
1.Peter Y. Chou, and Gerald D. Fasman of protein
1302, pp 222345

2. Peter Y. Chou, and Gerald D. Fasman. Conformational paramecters for amino acids in helical. p-sheet,
and random coil regions calculated from proteins. Biochemistry. 1974 Jan: 13(2): pp 211-222

e The secondary structures present in the given sequence are

alpha helix, beta sheet and betas turn.
Figure 58: Sequence pasted in the box

e Alpha helix is the most prominent secondary structure
(32.9%) in the given sequence.

e The lowest percentage of secondary structure (16.7) in the

given sequence is 3 turn.

IRIRR ]

OUTCOME

Students understand how to predict the regions of different

forms of secondary structure from the protein sequence.

Figure 59: Result page
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Expasy? b it b ot PREDICTING TRANSMEMBRANE REGION OF
PROTEIN SEQUENCE

AIM

Tpied" 1B daabas o -

To predict the transmembrane region in the given protein

1resource found for Tmpred sequence /1D.

INTRODUCTION

THPred
P
pioken

The orientation of membrane-spanning sections is predicted

by the TMpred software. The technique is based on a statistical

BB ey e s st ot st investigation of the transmembrane protein database known as
TMbase. A combination of various weight matrices for scoring are
Figure 60: ExXPASy home page L.
used to make the prediction.
A Thpred o PROCEDURE
R e Go to ExPASy page, enter TMpred in search box (Figure 60)
‘The Thipred program makes a predicion of mermbrane-spanang regons and thed oneniaiion. The algorim
70 & T o A RS 0] e Click TMpred

e e Go to the home page of TMpred tool (Figure 61)

Forfrher nfoaion s the Tbase documentaon,

e Paste the protein sequence in the search field

o Click Run TMpred (Figure 61)

s "R Thpne” bt

Outputfomt [enl v miimum 17 v maximam{ 33 v

L T e Results page is displayed (Figure 62)

LSRN [ et v

[DSHARKGIIEPRG : N
o ———
: e o I
Click o omcsat
Rartes] e

Figure 61: Home page of Mpred
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Figure 62: Result page of TMpred
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RESULT

e OQutside to inside helices : 1 found
from to score center
565 (568) 587 (587) 42 577
e outside->inside
"++" symbol indicates a strong preference of orientation

(565- 587 (23) 42 ++)

OUTCOME

Students comprehend the technique to predict the membrane-
spanning regions and their orientation. They also understand that the
transmembrane proteins act as gateways for transporting specific

substances across the membrane.
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Documentation - Amino acid scale: Hydropathicity - ProtScale Tool - Bulkiness.

hitps:/iwww.novoprolabs.com > protein-hydropathy

Protein Hydrophilicity Plot - NovoPro Bioscience Inc.
A hydrophilicity plot is a quantitative analysis of the degree of hydrophobicity or
hydrophilicity of amino acids of a protein. It is used to characterize or

hitps://www.peptide2.com > peptide_calc_note

Hydropathy Plot
Hydropathy plots allow for the visualization of hydrophobicity over the length of a peptide
sequence. A hydropathy scale which is based on the hydrophobic

hitps:/iwww.sciencedirect.com > topics » hydrophobicity

Hydrophobicity - an overview | ScienceDirect Topics
A hydrophobicity profile is a plot of the residue number versus residue hydrophobicity,
averaged over a running window. The only variables are the size of

Figure 63: Search list of Hydrophilicity plot
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Figure 64: Hydrophilicity home page
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PREDICTING HYDROPHILICITYREGION IN THE
PROTEIN SEQUENCE

AIM

To predict the hydrophilic region in the given protein
sequence
INTRODUCTION

The hydrophobicity or hydrophilicity of the amino acids in a

protein is statistically analysed using a hydrophilicity plot. It is used
to analyse or identify a protein's potential structure or domains. If the
protein fragment is sufficiently hydrophobic to interact with or
remain in a membrane can be predicted from the plot. The plot's x-
axis represents the amino acid sequence of a protein, while the y-
axis represents the degree of hydrophobicity and hydrophilicity. The
degree of interaction between certain amino acids and polar solvents
like water can be determined using a variety of techniques. For
instance, the Hopp-Woods scale assesses hydrophilic residues while
the Kyte-Doolittle scale identifies hydrophobic amino acids.
Understanding the plot's shape reveals the details of the protein's
partial structure. For instance, if a group of roughly 20 amino acids
exhibits positive hydrophobicity, then it is possible that these amino
acids are a portion of an alpha-helix that spans a lipid bilayer made

up of hydrophobic fatty acids.
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Figure 66: Hydrophilic regions in the protein sequence
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Position: 150

On the other hand, amino acids with high hydrophilicity show
that these residues are in touch with a solvent, such as water, and are
therefore likely to be found on the protein's outer surface. First, a
hydrophobicity rating between 4.6 and -4.6 is provided to each
amino acid. The highest hydrophobic value is 4.6, and the least
hydrophilic score is -4.6.

PROCEDURE
e Type hydrophilicity plot in the web browser and press enter
e Search list will be displayed, Click protein hydrophilic city
plot —novoprolabs (Figure 63)
e Go to the home page (Figure 64)
e Paste the protein sequence in the given field
e Click submit (Figure 65)
e Results will be displayed (Figure 66)
RESULT
The hydrophilic residues in given Protein sequence was
predicted.
OUTCOME
Students learn to predict whether or not the protein segment
has enough hydrophilicity to either interact with or reside in a

membrane.
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Figure 68: RADAR tool home page
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Figure 69: Result Page
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DETECTING ALIGNMENT OF REPEATS IN A PROTEIN
SEQUENCES

AIM

INT

To detect the alignment of repeats in a given protein sequence.
RODUCTION

RADAR stands for Rapid Automatic Detection and

Alignment of Repeats in protein sequences. RADAR identifies

gapped approximate repeats and complex repeat architectures

involving different types of repeats.

PROCEDURE

e Type Radar protein tool in the web browser and press enter

e Click the RADAR tool (ebi.uk)in the search list (Figure 67)
e Go to the RADAR home page (Figure 68)
e Paste the fasta protein sequence in the input box
e Click submit
e Result page was shown (Figure 69)
RESULT

The given sequence contains 2alignment repeats.

OUTCOME

Students can able to predict the number of alignment repeats

in the proteins sequences.
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Figure 70: Google search list
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Figure 71: Pepdraw home page

Peptide Structure

LN
Figure 72: Result page
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PREDICTING THE PEPTIDE STRUCTURE FOR THE
GIVEN PROTEIN SEQUENCE
AIM

To predict the peptide structure of given protein sequence
using Pepdraw tool
INTRODUCTION
Pepdraw tool is used to draw primary peptide and also
calculate the physico chemical properties.
PROCEDURE
e Type Pepdraw tool in the web browser and press enter
e Click the Pepdraw in the search list (Figure 70)
e Go to the Pepdraw home page (Figure 71)
e Paste the fasta protein sequence in the input box
e Click draw peptide
e Result page will be displayed (Figure 72)
RESULT

The protein sequence was converted into peptide chain.

OUTCOME
Students acquire the skill to draw the primary chemical
structure of an amino acid sequence and to predict chemical

properties for any protein sequences.
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Figure 73: translate Homepage
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CONVERSION OF NUCLEOTIDE SEQUENCES INTO
PROTEIN SEQUENCES

AIM

To convert the nucleotide sequences into protein sequences and to
identify the correct reading frame.
INTRODUCTION

Translate is a tool which allows the translation of a nucleotide
(DNA/RNA) sequence into a protein sequence. Translate accepts a
DNA sequence and converts it into a protein in the reading frame as
specified. Translate supports the entire [UPAC alphabet and several
genetic codes. A raw sequence or one or more FASTA sequences is
pasted in the text area. Input limit is 200,000,000 characters.
Determining is a complex process if a nucleic acid sequence actually
codes for a protein. Because, generally it is not known which strand is
the coding strand or which is the correct reading frame. Both these
questions are resolved by translating both strands in all three reading
frames and looking for the one that gives the longest amino acid
sequence before a stop codon is encountered. A stop codon is expected
to appear on average once for every 20 amino acids when reading a
sequence in the incorrect frame. It is possible for an out of frame
translation to extend over 100 amino acids before a stop codon is

reached.
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Figure 74: Result page of translate with nucleotide sequence with aminoacid
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PROCEDURE
o Select the nucleotide sequence, copy it and then paste it into the
translate sequence window in the ExPASy translate tool
e Under Output format, select "Compact" or nucleotide sequence
without space
o Click on Translate Sequence

e Result page is displayed (Figure 73 and 74).

RESULT
e Output compact is selected; it gives the amino acid sequence as
one letter code with stop codons indicated by a hyphen with
different frames.
o Output nucleotide sequence without space is selected; it gives the
nucleotide sequence with one letter code aminoacid with different
frames.

e Red colour indicates the open reading frame.

OUTCOME

Students gain knowledge to convert any unknown nucleotide
sequence into protein sequence and to identify the most correct reading
frame. They also acquire knowledge about the exons, pseudogenes, non-

coding region of DNA and regulatory functions.
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Figure 75 : Open the PDB file in RASMOL tool

PDB co-ordinate file

Figure 76: Protein structure open in molecular visualization tab
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MOLECULAR VISUALIZATION USING RASMOL

AIM
To visualize the tertiary structure of protein molecule in

graphic view and command line

INTRODUCTION
RasMol is free software for molecular visualization created by
Roger Sayle. It is a molecular graphics programme intended for the
visualization of proteins, nucleic acids and small molecules. The
programme aims at display, teaching and generation of publication
with quality images. The program reads in a molecule coordinate file
and interactively displays the molecular screen in variety of colour
schemes and molecular representations.
REQUIREMENT
RASMOL software, PDB molecule
PROCEDURE
e Open a molecular visualization tool (Figure 75)
e From the file menu open a PDB atom co-ordinate file
(Figure 76)

e Rotate the molecule
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e Try various options (Figure 77,78,79)

e Try different commands in command line and visualize the
changes in structure (Figure 80, 81)

e Save the required structural view

e Exit the application

COMMANDS
e Select
e Colour
e Zoom on
e Zoom off
e Label on
e Label off
e Spacefill
e Star on
e Background pink
e Stereo on
e Stereo off
e Pick angle
e Pick distance
e Label 250

e Star

e Rotate

Figure 77:Visualise the different forms of protein structure
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e Hbonds

e Wireframe
e Cartoon

e dots

e Quit

Other command reference:

Backbone| Background|| Bond Bulgarian|Cartoon || Centre Chinese || Clipboard

Colour ||ColourModg Connect||CPK CPKnew| Defer Define Depth

Dots Echo English ||Execute | Exit French HBonds ||Help

Italian  ||Japanese Label ||Load Map Molecule |Monitor |NoToggle

Ball&Stck

Ribbons

Soands Pause Play Print uit Record ||Refresh || Renumber|Reset
Restrict ||Ribbons ||Rotate |/Save Script |Select | Set Show
Slab Source Spacefill|Spanish | SSBonds| Star Stereo Strands
Structure ||Surface Trace ||Translate| UnBond | Wireframe| Write Zap
Zoom
RESULT

The tertiary structure of protein molecule is visualized in graphic

view and command line
Figure 78: Visualise the different forms of protein structure
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Figure 79: Visualise the different forms of protein structure
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OUTCOME

The students are imparted the ability to evaluate and interpret
molecular models. Students can interpret the complicated molecule
structure, properties, and interactions with the use of molecular
visualisation tools. These resources aid their study in the fields of

chemistry, pharmacology, biology, and bioinformatics.

88




ki RasMol - 1CRN - o x
File Cdit | Display | Colours Options Settings
Wireframe.
Rackhone

Cxport llelp

Sticks
Spacefill
Ball & Stick
Ribbons
Strands
Cartwons,

Molecular Surface

k% RasMol - 1CRN - o >
File Edit | Display | Colours Options Settings Export Help

Wireframe
Backbone

Sticks

Spacefill

Ball & Stick
Ribbons

Strands

Cartoons
Molecular Surface.

Figure 80: Visualise the different forms of protein structure
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Select carbon
Colour green

Figure 81: Various commands used in command line and visualize the
changes in structure
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Stereo on

Background green

Figure 82: Various commands used in command line and visualize the
changes in structure
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MEASUREMENT OF BOND LENGTH IN PROTEIN
STRUCTURE USING RASMOL

AIM
To measure the bond length of atoms in the protein structure
and to visualize it in graphic view and command line.
INTRODUCTION
RasMol is a free software for molecular visualization created
by Roger Sayle. It is a molecular graphics programme intended for
the visualization of proteins, nucleic acids and small molecules. The
program aims at display, teaching and generation of publication with
quality images. The program reads in a molecule coordinate file and
interactively displays the molecular screen in variety of colour
schemes and molecular representations.
PROCEDURE
e Open RasMol and import a file of Pdb atom coordinates
e Use the various menu options and get a composition of the
molecule
e Set the display style to “ball and stick” (Preferable, but works
with other displaying style as well)
e Use Shift+ mouse down to zoom in on the molecule to see the
bonds more clearly.
e Open the command line window

e Type set picking distance and press enter key
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Open the display Window and select the two atoms
participating in the bond formation by clicking on them
successively.

The command line window displays the bond length.

Record the results

Alternatively, to show bond and to measure the bond length
between two atoms, type set picking monitor in the command
line window.

Now click on the two atoms again.

A bond line appears (The bond is removed when a click on
the atoms is made more than once.)

Note the results from the command line window.

RESULT

The distance between two atoms is 90.0A.

OUTCOME

Students learn how to find out the distance between two atoms

using command line and directly picking atoms in structure.
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MEASUREMENT OF BOND ANGLE IN PROTEIN
STRUCTURE USING RASMOL
AIM
To measure the bond angle between the atoms in the protein

structure and to visualize it in graphic view and command line.

INTRODUCTION
RasMol is a free and most popularly used software for
molecular visualization created by Roger Sayle. It is a molecular
graphics programme intended for the visualization of proteins, nucleic
acids and small molecules. The program aims at display, teaching and
generation of publication with quality images. The program reads in a
molecule coordinate file and interactively displays the molecular
screen in variety of colour schemes and molecular representations.
PROCEDURE
e Open RasMol and load a file of Pdb atom coordinates
e Use the various menu options and get a feel of the molecule
e Set the display style to “ball and stick”(Preferable, but works
with other displaying style as well)
e Use Shift + mouse down to zoom in on the molecule to see the
bonds more clearly.
e Go to command line window.

e Type set picking angle and press enter key
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e Go to display Window and select the three atoms forming the
bond angle by clicking on them successively.
e The command line window displays the bond angle.

e Note the results.
RESULT
The bond angle between atoms is 25.0°

OUTCOME
Students acquire the skills necessary to find out the bond angle
between atoms using command line and directly picking atoms in

structure.
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