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What is Bioinformatics (&*
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What is Bioinformatics

Bioinformatics is an Develops methods and software tools for
interdisciplinary storing, retrieving, organizing and analyzing
scientific field biological data (Bartlett et al., 2016).
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History

Polymerase chain
reaction developed

Insulin
sequenced

Protein data bank
created

DNA double helix
model proposed

Bioinformatics coined
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Application in Drug Design
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What is a Drug?
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A substance that, when absorbed, In pharmacology: FDA-approved for the diagnbsis,
alters normal bodily function treatment, or prevention of disease.
Classification
small Molecule Protein NecSis

/\I/LO .
I H
Aspirin C[éf

Lovastatin
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Different Terms Used in CADD

FORRRRERERRRIRRRAR R RRRRARRNE, JUNUNIRNEANRFEANTRNARNTIRRNENN,  pERRRRRARARCANRARRGRNRAREERRNN, FENERANARANIRANEIARARRRRRERERN,

Receptor-/ Host - Iar'ge molecule ........ %?.-’7?1'135:; ......... : ?....\:".‘fi‘..fﬁ'if.'.i?f.‘?.e.‘.‘fi‘:‘%‘....5
(protein) receiving ligand. ? |

: Docking

‘ .'(t\\;% 7
Ligand/Key - small molecule that blnds ' ‘&\‘
to receptor | \ — «.5{.%»,

Docking - Computational simulation of
a candidate preferred orientation tfo a
PQCQPTOI". Evaluation

...............................................................................

Binding mode - conformation of ligand- [Potentialdmgs J
receptor bound to each other.

Pose - a candidates binding mode.

April 20 BioCode and BioAfri 11



Terms...

e Scoring - evaluating a particular pose by counting the number of
favourable intermolecular interactions.
» Ranking - classify ligands most likely to interact favourably to a

particular relation based on AG of binding.
« Hit - Ligand with high rank.

» Lead - hit with biological activity.

April 20 BioCode and BioAfri 12



Drug Design

s the inventive process of It involves design of small
finding new medications molecules complementary
based on the knowledge of in shape and charge to
the biological target the bio-molecular target

(Liljefors et al., 2002). (Ghasemi et al., 2017).




Traditional Drug design

Random screening g Serendipity

Find a drug effective
against disease (2-5
years)

Ethnopharmacology
(2-5 years)

Scale-up

Preclinical testing
(1-3 years) Human clinical trials

(2-10 years)

(Naga, 2019) Formulation -7
',7~\'
FDA
approval
April 20 BioCode and BioAfri (2_3 years)
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« Drug discovery takes
decades and it is costly
(Mohs and Greig, 2017).

« To cut down the research
timeline and cost,
computational biology is

Imperative.

April 20 BioCode and BioAfri 15



Computer Aided Drug Design (CADD)

'.'

- represents  CcomputationaD
methods and resources that

are used to CFacilitate>the

desigh and discovery of new

therapeutic solutions (Yu and
MacKerell, 2017).
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GENOMICS, PROTEOMICS & BIOPHARM.

Potentially producing many more targets
and “personalized” targets

VIRTUAL SCREENING

—— Using a computer to
predict activity

COMBINATORIAL CHEMISTRY

Rapidly producing vast numbers
of compounds

MOLECULAR DYNAMICS
Computer graphics & models help improve activity

n \ (Naga, 2019)

IN VITRO & IN SILICO ADME/T MODELS Preclinical testing

Tissue and computer models begin to replace animal testing
April 20 BioCode and BioAfri 17



Approaches to CADD

Structure Based

Ligand Based

* Religspgonggknowledge pucimeiier « Relies on 3D structure of the

molecules that bind to the biological S
biological target :

target of interest. . X-ray crystallography, NMR

© UsedifioTideriveSamarmacephene spectroscopy and homology modelling

o guantitative structure-actiyity, . (Surabhi and Singh, 2018). 18
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Steps in Ligand Based CADD

ZD%SS:?EQ/ 3D i ] i gles]

Ligand CADD Virtual Labot::—:g;:oigins and T e e
g Ph h J Screeni ng literature data QSAR modeling Large chemical
armacopnore libraries

modelling

Lead

Lead In vivo assays

In vitro assays ;. o%

Op.hmlzaTlon hit-to-lead and lead-optimization t‘: %
Virtual screening
N 'l‘ |
Drug Candidate (L@
Synthesis of

prioritized compounds
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Steps in Ligand Based CADD...

* X1
Remdesivir | QSAR/3D QSAR . . O.
Ligand CADD  — Virtual Screening
| Pharmacophore J -
modelling ABVE
A L%a)d . Pf('l(llmfi.\'. “' j
J' Fasm?
- SARS-CoV-2
& Target
Lead
ptimization

Drug Cfnd idate
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Steps in Structure Based CADD

Phasesiof:aClinicalliriall. -

SARS-CoV-2 SARS-CoV-2 SARS-CoV-2 PHASE Il PHASE Ill PHASE IV
* evaluate safety * test effectiveness * confirm effectiveness * provide
* determine safe * further evaluate * monitor side effects additional
dosage safety * compare to other information
* identify side treatments after approval
Enzy me Enzyme Enzyme effects * collect information including risk,
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® Biointormatics . Target . Vnrtual screemng ‘ Scaffold ® In silico ADMET

(Yuan et al., 2017)

® Reverse docking druggability *® De novo design hopping prediction
® Computational prediction ® Optimization * SAR ®* DMPK simulation
chemical biology *® Computational analysis *® Computational
X-ray Crystallography system ® Insitu system biology
NMR Spectroscopy biology design
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Steps in Structure Based CADD..

SARS-CoV-2 SARS-CoV-2 SARS-CoV-2
J
* * G PhasesiofaiClinicalirial. -
. ' T
. / : : PHASE | PHASE Il PHASE IV
Enzyme Enzyme Enzyme ‘
(ACE2) (ACE2) (ACE?2) * testeffectiveness  # confirm effectiveness prowde
detelmmesafe » further evaluate + monitor side effects
safety * compare to other mfofmwon
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Computational Tools for Drug Designing

o Databases and Draw Tools

a Homology Modeling and Binding Site Prediction

6 Docking and Molecular Dynamics

a Ligand Design Screening and Target prediction
é ADME & Toxicity

April 20 BioCode and BioAfri
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Homology Modeling

Modeller

Program for Comparative Protein
Structure Modelling by Satisfaction
of Spatial Restraints

I-TASSER
LOMETS

mmmmmm SWISS-MODEL

Start a New Modelling Project @

+ Uplnad Tamet Sequence File . JIICY

SWISS-MODEL 26
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Molecular Docking
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Ligand Screening
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Some Uncomfortable Truths

This course will not make you a

Bioinformatician/Drug design expert

But practice will. . .

The best way to learn is to do ("I don't
know how to do this vyet, but T will
find out.")

April 20 BioCode and BioAfri
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What is Virtual Screening

« Computational technique used in drug discovery

to search libraries of small molecules

* To identify those structures which are most likely
to bind to a drug target, typically a protein

receptor or enzyme

* Mainly used when the ligand number is >10,000
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Steps in Virtual Screening
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Screening Library

Similarity Search
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Step1: Libraries for Virtual
Screening

« ZINC DataBase

* Maybridge

 Seleck Chem
e Asinex

ChemBridge
* Drug Bank
* Natural Compounds. Etc.



Step 2: Similarity Search

« Matching of Chemical, Biological and
Pharmacological Features of two compounds

Chemical | | CH,
1}

! '

The two structures on top are chemically similar to each other. This is reflected In their
common sub-graph, or scaffold: they share 14 atoms

~ .

CH,

[’ll.lllll.u (»])II()I«‘
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E-Pharmacophore Screening

« Set of features common to series of active molecule

 Hydrogen-Bond donors and acceptors, Positively and
Negatively charged groups and hydrophobic regions are

the general feature,

* These features are known as pharmacophoric groups

A®|O|

Aromatic

4/18/2020 BioAfri 38



Tools for Pharmacophore Screening

Catalyst

Ligand Scout
harner

HAFTS

narmaGist

nase- Schrodinger

o (Gl gAY o
TTUTWT




Step 3: Docking

* Docking is the study of how two or more molecular structures
(e.g., drug and enzyme or protein) fit together. In a simple
definition, docking is a molecular modeling technique that is

used to predict how a protein (enzyme) interacts with small

molecules (ligands).

Molecular Docking
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Concept of Docking: Lock and Key Model

noncovalent bonds

ligand

N

binding
site

protein
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Step 4: Cherry Picking
The identification of lead molecules

Selection, based on own criteria, from filtered collection of small

molecule structures, and also has a lower binding energy.

10° real compounds

Crnirial etan in idantifying Promising Drug like molecules

VY Al '
II 4 III' b I ' "I'll"'lll"l 'I| A -
1 II' | ] ]
. (& (s (i (i
10** possible compounds il
) 0
P} 0, A
- .I
T ] Ui |' o,
(el [Tl
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Types of Virtual Screening

All human
Virtual screening B F:Oteins in3D
, 7‘5,* efore 2030?
N .?’—;

O roy !
\/ Structure-base

+ vitro
Docking:
Stochastic
No Fragment-based
conflict Shape-based
between
vitro &
silico Scoring:

Force-field based
Knowledge-based
Empirical

Consensus
Target-based
Fingerprint
MM-PB(GB)SA, LIE
aQMm/Mm, QM
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Importance of Molecular Docking in
drug design

« Molecular docking is one of the most frequently used methods
in structure-based drug design, due to its ability to predict the
binding-conformation of small molecule ligands to the
appropriate target binding site

* Drug Designing is a long Process. Docking reduces the time

 Cost Efficient



Complementary approach to experimental HTS
|[dentifying hit molecules as a beginning for medicinal chemistry

Different approaches of VS have been created for lead discovery
depending each time on the availability of experimental information (SBVS
Ligand-Based VS, Fragment-Based VS, etc.)

Several successful examples of identifying low nM leads that show the

intended biological activity
A large number of docking programs and scoring functions

VS can use as input a desirable target structure complexed with a specific

ligand even if there are no experimental data, through molecular modeling
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