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What is Bioinformatics?

• Interdisciplinary field : computer science and biology

• General Definition: A computational approach ,Solves the biological problem.

• Bioinformatics: “The collection, classification, storage, and analysis of biochemical and biological 
information using computers especially as applied in molecular genetics and genomics.” 
(Dictionary.com)

• Bioinformatic = computational biology

• Bioinformatics, A logical and technical means by which not only solve the Biological problems but 
also can predicts the new aspects.

• Usually confirm whit experiment

•



Why bioinformatic is important

30% science
30%  $$$$$
40% private data



HISTORY AND SCOPE OF BIOINFORMATICS

• By 1938, the United States Navy had developed an electromechanical analog 
computer small enough to use aboard a submarine.

• 1859 – The “On the Origin of Species”, published by Charles Darwin that 
introduced theory of genetic evolution – allows adaptation over time to produce 
organisms best suited to the environment.

• 1953 - Watson and Crick propose the double helix model for DNA based on x-ray 
data obtained by Franklin and Wilkins.

• 1955 - The sequence of the first protein to be analyzed, bovine insulin, is 
announced by F. Sanger.



HISTORY AND SCOPE OF BIOINFORMATICS

• 1981- first modern computers

•  1990 - Human Genome Project launched

•  2001 - The human genome (3,000 Mbp) is published.

• 2010 :Completion of the 2010 Project: to understand the function of 
all genes within their cellular, organism and evolutionary context of 
Arabidopsis thaliana.

???? 2050: To complete of the first computational model of a complete 
cell, or maybe even already of a complete organism.



1st Eukaryotic Genome Sequence:  S. 
cerevisiae 

1st Animal Genome Sequence:  C. 

elegans 

w





Interpreting the Human Genome Sequence
• Junk DNA
• Snps and haplotype 

(hapmap pr)
• Comparative genomics



ENCODE Project 

• ENCODE: Encyclopedia of DNA Elements

• The goal of ENCODE is to build a comprehensive parts list of functional elements 
in the human genome, including elements that act at the protein and RNA levels, 
and regulatory elements

• Initial pilot projrct:1% of human genom

• ENCODE investigators employ a variety of assays and methods to 
identify functional elements.





Market of NGS sequencers





NGS DATA Processing (HGS)



NGS DATA Processing (RNA seq)



Cancer genomics databases



SYSTEMS BIOLOGY

• Gene gene interaction

• Protein gene interaction

• Metabolite ( drug) –biomolecule interaction

• Dynamic of gene regulation

• Triggering- gene

• Hub-genes



In silico structural biology



In silico structural biology

• INPUT: (PDB FILES) from pdb database

• RNA

• DNA

• LIPIDS(membrane)

• PROTEINS

In silico methods, ranging from bioinformatics analysis of primary sequences, through 
computer simulations of tertiary structures, to the prediction of novel structures by 
de novo design, wind through the platforms aimed at constructing optimal 
biocatalysts



PROTEIN FOLDING

1. Primary structure: amino acid sequence

2. Secondary structure: local arrangement of 
peptide backbone

3. Tertiary structure: three dimensional 
arrangement of all atoms, peptide backbone and 
amino acid side chains

4. Quaternary structure: spatial arrangement of 
subunits



What is structural biology?

• Structural biology is the study of how biological molecules are built. Using a 
variety of imaging techniques, scientists view molecules in three dimensions to 
see how they are assembled, how they function, and how they interact (Structure 
and function relationships )

crystals of proteins:
University of California, Irvine. 

Cryo-EM: Bruce Stillman, 
Cold Spring Harbor Laboratory. 900 megahertz NMR Systems.



Can scientists view how proteins act?

• New technology is beginning to allow researchers to progress from 
creating static pictures of proteins and other molecules to making 
movies of their actions.

• Images provide snapshots of what these cellular elements are doing 
at specific points in time.

❖ Although they supply valuable information, these still pictures don’t 
capture how proteins and other molecules inside cells are constantly 
moving and changing, folding and unfolding as they interact.



How can proteins fold so fast?

• Proteins fold to the lowest-energy fold in the microsecond to second 
time scales. How can they find the right fold so fast?

• It is mathematically impossible for protein folding to occur by 
randomly trying every conformation until the lowest-energy one is 
found (Levinthal’s paradox)

• Search for the minimum is not random because the direction toward 
the native structure is thermodynamically most favorable



two main approaches  to design proteins

• two main approaches are used to design the novel proteins or enzymes: rational 
design and directed evolution

• rational design via site directed or saturation mutagenesis and directed evolution 
via random mutagenesis are used as key tools in protein engineering.

• The preliminary knowledge of protein structure is not required in directed protein 
evolution



RATIONAL DESIGN

• PROTEIN FUSION: domain and motif shuffeling ((FRANKSHTAIN 
PROTOCOL) 

• Novel function 

• STABLE PROTEINS

• PEPTIDE DESIGN (anticancer peptides , antimicrobial peptides) 

• anticancer peptides : tumor homing – penetrating

• Vaccine design : epitope mapping  - humanized antibody

• Receptor based drug discovery



Big problem: Homology or and novo 
modelling

crystallography or NMR IS impossible

• Mutagens vs wildtype

• Humanized antibody

• Domain extraction

• Fusion and Tags

• Rifine whit MD 



DRUG DISCOVERY



Target 
discovery

ligand 
discovery

Lead 
optimization

Pre-clinical Clinical marcketing

DRUG DISCOVERY

~14 years  ~6 years

1 billion $$

Receptor based or QSAR



Target discovery ligand discovery
Lead 

optimization

bioinformatics C0mputer aided drug design (ccad)

Molecular dynamic simulation
homology modeling

System biology 
genomics
proteomics 

pharmacophore
Identification

target
identification

Structural 
study

Ligand  
database 

enrichment

Virtual 
screening

Refinement 
and 

optimization 
drug

Ligand database enrichment
QSAR

ADME properties
Md simulation

Protein-ligand
docking

DRUG DISCOVERY



• Molecular docking studies are used to determine the interaction of 
two molecules and to find the  best orientation of ligand which would 
form a complex with overall minimum energy

What is Docking?



• Can be applied to many systems:

• Protein – small molecule

• Protein – protein

• Protein – DNA

• Small molecule – DNA

• auto assemble ( virus capsid)

Docking



Rigid docking

❖Key & lock

• Six degree of freedom:

• Protein and ligand both treated 
as rigid

• 3 rotation/3 transition

Solution : Rotamer library 

• Just like docking  the space shuttle whit satellite



• Very valuable for understanding the dynamic behavior of proteins at 
different time scales ,from fast internal motions to slow 
conformational changes or even protein folding processes

• Possible To Study the effect Of Explicit Solvent Molecules On Protein 
Structure and stability to obtain time-averaged Properties Of The 
Bimolecular system

• X-ray or NMR or models methods have been refined using MD 
methods

MD Simulations



• first protein MD simulation(bovine pancreatic trypsin inhibitor; 58
residues and 450atoms) was done  in vacuum and for only 8.8 psec

• nowadays permit simulations of systems comprising 10000–
10000000 atoms and simulation times in the order of nsec to 𝓂sec 
Simulations of more realistic systems, including explicit water 
molecules

• descriptors for non-standard molecules, such as ligands, might be 
missing

MD Simulations



• Fast and inexpensive docking protocols can be combined with accurate but more 
costly MD techniques to predict more reliable protein–ligand complexes

• The strength of this combination lies in their complementary strengths and 
weaknesses

• One the one hand, docking techniques are used to explore the vast conformational
space of ligands in a short time

• On the other hand ,MD simulations can treat both ligand and protein in a flexible 
way, allowing for an induced fit of the receptor-binding site around the newly 
introduced ligand. 

• In addition, the effect of explicit water molecules can be studied directly, and very 
accurate binding free energies can be obtained.

Combined Docking and MD Simulations



MM-QM

• Molecular mechanic vs Quantom mechaic

• Schrodinger eq

• catalytic mechanism

• electrons



other topics 

• DATA mining : statistic , programing skils, machin learning 

• Systems biology

• Proteomics

• Metabolomics and chemometrics

• Lipidomics

• Chemoinformatics

• And……………………….



Brief Answers to the Big Questions

What kind of bioinformatics analysis need supercomputers and whit kind just need laptops

Best laptop for bioinformatics?

CPU and GPU base computing

Cloud computing

Rent a server



Brief Answers to the Big Questions

• Linux, mac or windows?

• CLI vs GUI



Brief Answers to the Big Questions

• which programing language should i learn first?

• Perl

• Python

• R

•BASH



Some learning boosters

• Git and git-hub

• Anaconda and byoconda

• Bioconductor

• Maling list and 

• DOCKER



Learning materials

• Books

• Websites (tutorials)

• Git-hub

Online courses

Coursera

edX

• YOUTUBE



• Linux course

• R course 

• Python course

• Protein design

• Drug discovery

• NGS

• Data mining

• Metabolmics and ……..



Thanks…


