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Outline

 The evolution of drug discovery... A bird’s eyeview
« Computer aided drug discovery

* Disease-Health

* Disease Specific Web Portal Development (MPDS)

« Some thoughts on how things may evolve



Diffferent Stages in Drug Discovery
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Drug Discovery....the evolution
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Looking Back..A cursory look at how things evolved
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Computational Drug Discovery
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Conceptual map on experimental and computational
methodologies for drug discovery process
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Disease Pathophysiology

Disease
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Disease manifestation in any organism is inhenerently dependent on
number of factors: Unravelling the working strategy is key?




A drug development cycle
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CADD Service Providers CADD Service Providers CADD Service Providers

Distnbution by Year of Establishment Distribution by CADD Approaches’ Distribution by Drug Discovery Steps?
Ligand-based
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Given its potential to offer significant cost and Prominent examples of large companies that offer Lead optimization, hit-to-lead and hit generation are
gme-related benefits, many companies focused on services based on all the abovementioned amongst the most popular drug discovery steps that
providing a variety of CADD services for drug approaches include AMRI, Charles River can now be accomplished in silico; in contrast, target
discovery have been established in last decade Laboratories, ChemDiv, Evoree, Jubilant Biosys based drug discovery requires exrensive
(2008-2018) alone and Pharmaron experimental support

The market landscape is highly fragmented with several new entrants; majority
of the companies offer structure-based drug design focused on early stage drug
discovery.

Source: Computer-Aided Drug Discovery Services Market, 2018-2030 (2018).



CADD Services Market CADD Services Market CADD Services Market
Distribution by Drug Discovery Steps  Distribution by Type of Molecules Distribution by Type of Sponsor
2018 and 2030 2018 and 2030 2018 and 2030

USD Bilion USD Bilfon LISD Bilion

= Target |dentification

= Small Molecules Academic | Research
= Target Validation Institutes
Hit-to-Lead Biologi
- K = Pharmaceutical | f 4
Lead identification Biotechnology Companies
= Lead Optimizabion

- . .
2030 2018 2018 2030

The overall opportunity is anticipated to be well-distributed across the various steps of
drug discovery steps, type of molecules and the concerned sponsors

Source: Computer-Aided Drug Discovery Services Market, 2018-2030 (2018).



CADD Services Market
Distribution by Regions / Countries, 2018-2030

Emmm North America [l Europe W Asia-Pacdic
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Country C
i

Market Share (Mid Term)

The majority share is expected to be held by North America and Europe; however,
Japan, China and certain other emerging markets are likely to grow at faster rate.

Source: Computer-Aided Drug Discovery Services Market, 2018-2030 (2018).



Data Science - A Game changer in Drug Discovery???

| modified
that drug to
improve the
potency and
selectivity of
that cancer
drug

| identified a

drug to cure O
cancer

| applied network
pharmacology and
machine learning
methods to identify
potential drug targets
and small molecular
lead molecules for
cancer.




Bottlenecks in Drug Discovery - In recent times!
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Drug Product Profile & Challenges

— Delivery route
* Oral, parenteral, topical, inhaled....

Monitoring — specialist
use, liver function tests,...

Drug - Drug interactions

Differentiation from
current therapies
(Safety, Cost, Efficacy )

Dose adjustment in
pediatric patients

Drug Product Profile
&
Challenges

Safety in
pregnant/breastfeed
ing populations

Dosing frequency
(Every day, every week)

Tolerable side effects



Disease - A Perturbation in Health: A Mathematical Model

WHO Definition for Health

Health is a state of complete physical, mental and social well-being and not merely the
absence of disease or infirmity
Post-COVID WHO Definition for Health !

Health is a state of complete physical, mental, social, emotional and spiritual well-being and
not merely the absence of disease or infirmity

Disease = Health + Perturbation

Health = PW + MW + SW

E PW = Physical well-being }

MW = Mental well-being
SW = Social well-being

Disease # Sickness # Illness # Malady



Health- Ageing-Disease Relationship

Absence of disease

Free from disorders

Good mental health

Mental No mental disorders

Happiness
Metabolic )

Healthy interaction = Genetic )

Social adaption

Sense of social being /,f'{ Exercise )
-

e

Ability for social relations \( Lifestyle )

“Health is a state of complete physical, mental and social
wellbeing and not merely the absence of disease or infirmity”




Data driven, structural biology and molecular modeling
Unraveling the pathophysiology of degenerative diseases and disease progression
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Interactions between Genes and the Environment and
Their Effects on Health

» Chronological age
* Biological age
 Pschycological age

. Ge(?graphical Population Age
region

* Diet |mmune status

« Life style Nutrition H ealth Physical .
: g use
* Gut bacteria health ' .physical activity

* Pollutant exposure
* Parasites Env. Mental . Stress level

» Disease vectors factor health . | oneliness
* Grief
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Factors Connecting Rare Diseases, Metabolic Disorders,
Lifestyle Diseases, And Infectious Diseases

A large number of : * Diet -
ge num Metabolic + Obesity Life style
metabollc_ disorders disorders « Hypertension diseases
are rare diseases : .
ﬂ e Circadian clock
Rare * Overcrowding
Diseases . * Poor water,
Insufficient | Inizeiollt —— sanitation, hygiene
P diseases  NYg
nutrient intake « Inadequate shelter

 High exposure to
and/or proliferation of

e 6 6 O 6 0 o
’I"I"nl ln"n"m disease vectors

Small population Some infectious diseases are rare
diseases



Genesis of Molecular Property Diagnostic Suite: MPDS

MPDS idea was
conceived by GNS in
2004

While MPDS Team
started working in 2011

Core developers

More MPDS-Disease
specific portal for HIV,
Metabolic disorders,

etc., were under
development in the year
2017
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‘Volume 129 Number 5

Journal of

Various brainstorming MPDS CHEMICAL

workshops were held at,
CSIR- IICT, CSIR-NCL and
CSIR-NAL in the years
2014-2016

=

Co-developers

ANSHU BHARDWAT 1. crnmavee chouorury  17. beepak panorr - MAPDS-TB publls hed in the
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34. ANURAG PASSI
PI: Dr. 6. NARAHARI SASTRY MPDS-Covid-19 and
Co-Principal Investigators .
Dr. 6.P.S RAGHAV Dr. DEVESH KUMAR MPDS-MD developed in
Dr. ANSHU BHARDWAJ Dr. M KARTHIKEYAN 2020
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Dr. V SUBRAMANIAN Dr. ANDREW LYNN

MPDS disease-specific web portals are
aimed to gather, find & discover all
possible information on a particular
disease from all possible resources along
with CADD tools at one place.



Development of Open Source Drug Discovery '{:@Ef
Software =Lt

Molecular Property Diagnostic Suite (MPDS) is being developed with
the purpose of strengthening computational drug discovery in India.

Architecture of MPDS Disease-specific Web Portals MPDS modules
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APPLICATIONS NOTE "r.g.i7 7:s

PASS: prediction of activity spectra for
biologically active substances

Alexey Lagunin, Alla Stepanchikova, Dmitrii Filimonov and
Vladimir Poroikov

Laboratory of Structure-Function Based Drug Design, Institute of Biomedical
Chemistry RAMS, Moscow, Pogodinskaya str., 10, 119832, Russia

Received on November 26, 1999; revised on December 11, 1999; accepted on March 21, 2000

Abstraet
Summary: The concept of the biological activity spectrum
was introduced to describe the properties of biologically
active substances. The PASS (prediction of activity spec-
tra for substances) software product, which predicts more
than 300 pharmacological effects and biochemical mecha-
nisms on the basis of the structural formula of a substance,
may be efficiently used to find new targets (mechanisms)
for some ligands and, conversely, to reveal new ligands for
some biological targets. We have developed a WWW inter-
face for the PASS software. A WWW server for the on-line
prediction of the biological activity spectra of substances
has been constructed.

Availability: hitp://www.ibmh.msk.su/PASS/




A Knowledge based approach to drug repurposing
for socially important and rare diseases

RSF/DST Project # 16-45-02012/ INT/RUS/RSF/12

Co-PIs: G. Narahari Sastry, Ph.D. (CSIR - NEIST, jorhat)
Vladimir Poroikov, Dr. Sci. (IBMC, Moscow)




Web Portals Integration

Galaxy / MPDS 1.0.1
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Integrated Web portal
IBMC’

£ \
| || WAY2DRUG

Wayz D ru g PREDICTIVE

SERVICES

Molecular Property Diagnostic Suite (MPDS™

An Open Source Chemoinformatics Portal

RSF - DST Project # 16-45-02012 - INT/RUS/RSF/12

ABOUT SERVICES ACTIVITIES PUBLICATIONS

Already have an account? LOGIN~

LEISHMANIASIS TUBERCULOSIS
:  DISEASE
DIABETES EPILEPSY
CANCER @, MALARIA SH

Available at: http://www.way2drug.com/dr/dst/



http://www.way2drug.com/dr/dst/

Instilling the mindset to write and develop
software for drug discovery
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Machine Learning \
modules
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Libraries for
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Learning from Successful Open Source

People

Open
Source

Process

« Chemical and biological data
repositories

Developments
F e Linux OS
ew e The World Wide Web
SUCCESSful e Apache Software
Open Source Foundation
. e Android
PrO]ECtS e Python
Science
*Security
*Affordability Transforming the
features of Open
*Transparency

*Perpetuity
*Interoperability
*Flexibility

Source Software for
Tangible Benefits in
Computational
Sciences

« High performance computing
clusters

* Cloud computing

* Virtual Machine

* Containers



Architecture of MPDS
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Open source drug discovery tools in MPDS Platform

Hosted @ CSIR - NEIST
MPDS server
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Selected Publications of MPDS

Contents lists available at ScienceDirect
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Some thoughts...



> 5000 years of Knowledge/Wisdom
&

~ 100 years of Modern Science

 Ethnopharmocology
* Health-nutrition-traditional practices.

 Can we gain by looking back in the not so recent
past..(may be a few centuries of human
existance)

» Sustainability...Asking the right questions

*Doing things correctly vs. Domg
correct things ...



Modeling &
Compufaﬁon The invention of vulcanized rubber

is essential

The discovery of bronze led to the
creation of stronger weapons

g
AL

to design
novel
molecules
X 3 for unmet
Fibrous material made from Fertilizers, are essential to
carbon nanotubes ne.eds of modern food production
% Science &
Society
Anaesthetics enabling  Liquid crystals to control

advanced surgery light and images
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2WHERE?s:
HOW? WHO?

WHAT? HOW? WHY?

=HOW?*

better comprehension in
computational drug

What contributes to
understanding and analysing the

discovery results ?

Black Box

INPUT Mostly hidden OUTPUT




Computational Intractability

Reality can only be measured to the limit derived by Heisenberg.

We attempt to model the reality of an analog world with digital
computers.

Hence, our models, however accurate, will only be depicting the
epistemological (and not ontological) reality. In other words, our
models, however honest, will always be approximate.

Having said that, the innate motivation of any model has been to
mimic the objective reality, as closely as it can be perceived.



Computer Aided Drug Discovery
How disease and health can be subjected
to mathematics?

Need based

Diagnosis with modern testing
facilities to find what is the
problem :

Personalized health focusing
disease symptoms and
progressions at individual level:




“A Model must be wrong, in some respects, else it will
be the thing itself. The trick is to see where it is right”!
---Henry A. Bent







