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From Genes to Proteins




REVIEW

Assembly of Cell Regulatory Systems Through
Protein Interaction Domains

Tony Pawson'** and Piers Nash’

Science 2003, 300, 445-452
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A new grammar for drug discovery

Mark C. Fishman and Jeffery A. Porter

To realize the potential of the genome for identifying candidate drugs we must move beyond individual
genes and proteins. The signalling pathways in cells provide the right level for such analyses.

e Target!

 Why has the deciphering of the 25,000 or so
genes in the human genome not swelled the
ranks of new targets?
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Science 2009, 326, 1220-1224



The human genome
encodes
120 SH2 domalins

embedded
In a variety of
Proteins!

523 kinases and
138 phosphatases

encoded by human
genome!

Science 2009, 326, 1220-1224 8



76 amino
acid

At least 20
structurally
distinct ubiquitin-
binding

domains (UBDs)
are embedded in
a variety of
proteins.

(mM bindings)

There are ~600
ubiquitin

E3 ligases and
more than 90
deubiquitinating
proteinases
encoded by the
human genome.

Science 2009, 326, 1220-1224
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Taken from Ensemble Discovery



Cell Signaling Biology
(Biological Questions/

Modern Organic Synthesis Novel Assays)
Novel Chemical Toolbox Cellular/Zebrafish Studies
Biologically Relevant In Vivo Studies

Chemical Space

Natural Product-like

Biophysics, -
Natural Product-inspired arlwdp YS! Translational
Hybrid Natural Products Structural Biology Path!
Understanding! SPR
Protein NMR

Computational Tools
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Emerging Translational Research Culture
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A Few More Examples...

Ontario Inst of Cancer Research
(OICR) Toronto
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Nat Rev Drug Disc, Jan 6, 2007, 29-40



Disappointingly, only five leads were identified from a total of 70 high-throughput
screens using the GSK compound collection, which suggests that in vitro target-
based screening of traditional compound libraries biased to follow Lipinski’s ‘rule
of five’60 is an ineffective way to identify new antimicrobials.

However, GlaxoSmithKline’s experience does suggest that future efforts at
antimicrobial identification will need to include screening of libraries that sample
a wider diversity of chemical space with potentially differing physicochemical
properties (possibly diversity-oriented synthesis) and screening of natural
products, which as yet have not been exhaustively mined for new antimicrobials.

Nat Chem Biol, 3(9), 2007, 541-548
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Map large surface area
Shallow surface

Combination of several weak
interactions

Extended hydrophobic
interactions

Possible hot spots

May 14, 2014 Issue
Theme: Chemical Biology of Protein-Protein Interactions

March 31, 2016 19



Complex 3D architectures!
Dense display of stereo-defined groups
Challenges to place them onto the drug discovery path! 20
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Bioactive
Natural Products
Natural Product-

Building Macrocyclic Inspired Sub-structures

Diversity-based
Chemical Toolbox

Natural product-like 3D architectures

Sufficient complexity with a few chiral functional groups
Incorporation of stereochemical and skeletal diversity
Synthesis in a reasonable time-scale

Easy to carry-out follow-up medicinal chemistry studies
Aim for an enhanced cell-permeation

From Arya Research Team:

Chem. & Biol.163 (2005)
March 31, 2016 Curr. Opin. Chem. Biol. 247 (2005)
Chem. Rev. 1999 (2009)



Large 3D surface area
Numerous binding interactions
Excellent track record in finding
bioactives

Functionalized pre-organized
dynamic Shapes

Rich in chiral display of functional
groups

Nat. Rev. Drug Disc. 2008, 7, 608-624

March 31, 2016 22
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 |solated from Red Sea sponge
Negombata magnifica

» Potent G-actin Inhibitors

» Latrunculol A is more potent compared
to other family members

March 31, 2016 J. Med. Chem. 2008, 51, 7234-7242
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Madhu Aeluri
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Aeluri, Dasatri, Arya, Org. Lett. 472-475 (2015)
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March 31, 2016 Aeluri, Dasari, Arya, Org. Lett. 472-475 (2015)
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Jimmidi, Krishna Reddy, Arya Org. Lett. 468-471 (2015)
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Jimmidi, Krishna Reddy, Arya Org. Lett. 468-471 (2015)
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Dr. Satish Kitambi Dr. Kiranam Chatti
e IDs.pt ‘;f . DRILS Hyderabad
edical Biochem an -
Biophysics Dr. Subhadra Dravida (Zebrafish /
: ! : : Cytoskeleton
Karolinska Institutet ~ Tran-Scell Biologics Signaling)
Hyderabad

www.tran-scell.com
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Dr. Prasenijit Mitra
DRILS Hyderabad
(Mitochondria
Signaling)
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Nat. Rev. Drug Discovery
July 2014
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Nat. Rev. Drug Discovery
July 2014
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Kitambi Lab @ Karolinska
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Taken from Verastem, a Cancer Stem Cells, biotech company in Boston
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Verastem

novel drugs targeting cancer stem cells




| 5

Isolation of Cancer Stem Cells
(CSCs) from human brain tumor.
Validation of Cancer Stem Cells.

Cell survival assays using CSCs vs
cancer cells.

Cell survival, proliferation and
migration assays with CSCs in
zebrafish.

|dentification of small molecules
as highly selective killers of CSCs.

Understanding of specific
pathways affected by small molecule hits!
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Cell Viability Apoptosis

Black spots — DMSO as control
Red spots — Staurosporin as a control
Blue spots — Compounds from our group @ 10.0 nim

In collaboration with
Satish Kitambi Lab @ Karolinksa

March 31, 2016 39
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Lateral view of 2 days old zebrafish
larvae with DAPI (stains all the nucleus
as blue) and the newly transplanted
CSCinred

$ >

Dorsal view of approximately 1 month old
zebrafish transplanted with CSCs labelled red

Cancer Stem Cells

Kitambi Lab @ Karolinska
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Arya Academic
Research Team in
Canada (past) and
India (2009-present)

NRC Canada
Genomics and
Health Initiative

Chemical Biology
McGill University

Chemical Biology
Program

Broad Institute of
Harvard and MIT

Science and Technology Park
University of Pune



