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We will start momentarily at 2pm ET

All recordings will be available to only ACS Members
http://acswebinars.org/drug-discovery
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Have Questions? Wﬁgtswwe

Type Questions Box!

“Why am | muted?”

Don’t worry. Everyone is
muted except the presenter
j and host. Thank you and

4

enjoy the show.

Type question here

GoTo\Vebinar~

Or tweet using #acswebinars =& ¢
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ACS Webinars ~ e

CLICK * WATCH * LEARN * DISCUSS

If you enjoy ACS Webinars® every Thursday...
please support the program!

<

Not yet an TaY
ACS Member? WwWWw.joln.acs.org

—————— EACS Network
Join the world’s |argest Where Chemists Connect

society for chemical
professionals to start
enjoying the many
benefits of membership

ACS Network (search for group acswebinars)
WWW.communities.acs.or

Find the many benefits of ACS membership!

ACS
v Chemistry for Life”

www.facebook.com/acswebinars
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How has ACS Webinars"® ACS
benefited yOU? Y cremistryforlie”

“keeping me up to date with new technologies,
giving me tips to landing the perfect job, and
allowing me a weekly chance to feel like a chemist
again even though I am unemployed!”

Fan of the Weeks
Elizabeth Thompson,
unemployed chemist

Testimonial

Be a featured fan on an upcoming webinar! Write to us @ acswebinars@acs.org

ACS
W Chemistry for Life®

Travel Award to Summer 2014
London Science Forum

ACS International Center™

April 25, 2014; 3:00pm EDT www.acs.org/ic

Richard O’Kennedy, Ph.D.
Biochemist
President, London International Youth Science Forum

www.acs.org/ic_london

The London International Youth Science Forum (LIYSF) is a two-week
scientific conference with attendees from all over the world. Learn about
this summer's upcoming forum, July 23-August 6, 2014, and how you
can apply for a travel award to take you there.
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Q: “Hungry for a brain snack?”

A AsOWesINETs™ on YoulITH

“ACS Webinets " are 2 minute segments that
bring you valuable snippets from some of our
most popular full length ACS Webinars® ”

See all of our ACS Webinets™ on YouTube at
http://bit.ly/acswebinets

ACS Webinars < O

CLICK * WATCH * LEARN * DISCUSS

Beginning in 2014 all recordings of ACS
Webinars will be available only to current ACS
members.

We appreciate your patience while we work to
complete the migration of past and current
episodes, which we hope to have available as
soon as possible.

Live weekly ACS Webinars will continue to be
available to the general public.

Contact ACS Webinars ® at acswebinars@acs.org 8
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Upcoming ACS Webinars® ACS

www.acs.org/acswebinars. O Cremistyforie

Thursday, April 3, 2014

“Detecting Human Exposure to
Environmental Toxins”

Elizabeth Hamelin, Centers for Disease Control and
Prevention
Lucas Zarwell, Chief Toxicologist, District of Columbia

ACS WEBINARS Apr10 @ 2PMET

Thursday, April 10, 2014
A “The Chemistry of Cocktails: Bruising and

S
The Chemistry
of Cocktails: . .
Darcy J. Gentleman, Ph.D, Science communicator, ACS

Bruising and Office of Public Affairs
Louching and Kathryn Verona, ACS Office of Public Affairs
Fire Oh My!

Contact ACS Webinars ® at acswebinars@acs.org 9

Next in the 2014 ACS
Drug Discovery Series! R chemistyforife

=
=

&
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Session 3: Thursday, April 24, 2014
“Key Concepts in Identifying Drug Leads”

Chris Lipinski, Melior Discovery

Dr. Tudor Oprea, UNM School of Medicine, DTU Center for
Biological Sequence Analysis

Contact ACS Webinars ® at acswebinars@acs.org 1o
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ACS Webinars ACS

CLICK * WATCH * LEARN * DISCUSS W Chemistry for Life’

2014 Drug Discovery Series:

Session 2: Primer in Drug Target Classes

Dr. Molly Schmid Dr. John P. Overington
Tech Coast Angels EMBL-EBI

Slides Available Now! All recordings will be available to only ACS Members.
http://acswebinars.org/drug-discovery

Contact ACS Webinars ® at acswebinars@acs.org

Primer in Drug Target Classes

ACS webinars - 2014 Drug Discovery Series
Session 2: March 27t 2014

John P. Overington
EMBL-EBI

email: jpo@ebi.ac.uk
twitter: @johnpoverington

linkedin: uk.linkedin.com/in/joverington/

wellcomel'ust EMBL



http://uk.linkedin.com/in/joverington/

Different Types of Drugs

Drugs Approved 2013

Santos et al, unpublished

[N P P P g e

L

i

. Synthetic small molecule

Assigned USANs 2013

. Monoclonal antibody
. Other protein
e
Polymer
. Peptide
. Oligonucleotide
. Oligosaccharide
Inorganic

= Natural product-derived
small molecule

Other

Other

ChEMBL

https://www.ebi.ac.uk/chembl

The world’s largest

primary public

database of medicinal

chemistry data

— ~1.4 million
compounds, ~9,000

targets, ~12 million
bioactivities

* Truly Open Data - CC-

BY-SA license
ChEMBL data also
loaded into
BindingDB, PubChem
BioAssay and BARD

A. Gaulton et al (2012) Nucleic Acids Research Database Issue. 40 D1100-1107

4/1/2014
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Affinity of Drugs for their ‘Targets’

Ki, Kg, 1Cso, ECsp, & pA, endpoints for drugs against their ‘efficacy targets’

350 -
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Overington, et al, Nature Rev. Drug Disc. 5 pp. 993-996 (2006) Gleeson et al, Nature Rev. Drug Disc. 10 pp. 197-208 (2011)

SureChEMBL

https://www.surechembl.org

* New Public chemistry
patent resource

* ‘Acquired’ SureChem
product from Digital
Science

— Automatically extracted
chemical structures from
full-text patent

— ~15 million chemical
structures

— Updated daily

— Plan to add molecular
target, sequence, disease,
animal model, cell-line
indexing....

10



Antibacterial Drug Targets

ATC Drug class Target Target type | Number
of drugs

JO1A Tetracyclines, JO1G Ami ides, JO1XX Spectil in, JO4AB Capreomycin Ribosome 30S subunit Riboprotein
J01B Amphenicols, JO1F Macrolides, lincosamides, streptogramins, JO1XX Linezolid Ribosome 50S subunit Riboprotein
JO1XC Steroid antibiotics Ribosome 70S ribosome- Riboprotein
EF-G complex

J01C Penicillins, JO1D Cephalosporins, monobactams & carbapenems Penicillin-binding proteins Protein
J01C Bactams Beta-lactamases Protein
JO1E Trimethoprims DHFR Protein
JO1E i JO4AA Amil icylicacid, JO4AB Dapsone, aldesulfone Dihydropteroate synthase Protein
JO1M Quinolones Topoisomerase Il Protein
JO1XA i Jo1XB ins, JO1XD Imidazole derivatives, JO1XE Nitrofuran derivatives, JO1XX - -

Xibornol, clofoctol, methenamine, mandelic acid, nitroxoline, daptomycin, bacitracin, JO4AK Morinamide,
delamanid, JO4BA Clofazimine

JO1XX Fosfomycin UDP-N-acetylglucosamine Protein
enolpyruvyl transferase

J04AB Cycloserine, JO4AK Terizidone Alanine racemase + D-Ala- Protein
D-Ala ligase

JO4AB Rifampicin derivatives DNA-dependent RNA Protein
polymerase

JO4AC Isoniazid, JO4AD Thiocarbamide derivatives Enoyl-acyl carrier protein Protein
reductase

JO4AK Ethambutol Arabinosyl transferase Protein

JO4AK Pyrazinamide Fatty Acid Synthase | Protein

JO4AK Bedaquiline ATP Synthase Protein

n.b. includes all antibacterial active ingredients with assigned ATC code

Approved Tetracycline Structures

o OH

demeclocycline doxycycline

M
oH

"
HON

OH o OH © o OH o oH © o

metacycline oxytetracycline

z
o
2

22
1

85

23
27

22

rolitetracycline pipacycline clomocycline tigecycline

4/1/2014
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Tetracycline Binds 30S Ribosomal Subunit

Brodersen et al. Cell, 103 1143-1154 (2000)

Antibacterial Drug Targets (JO1 & J04)

N=223 drugs, 13 molecular targets — March 2014 ATC list

® Riboprotein ® Protein ® Untargeted ® Ribosome ® pep ® Topa2
& DHOPTS RNA polymerase ® Enoyl carrier protein reductase
. . AaD

® DHFR
© onolpyruvyl transforase = Arabinosyl transferase @ Fatty acid synthase
ATP synthase ® Untargeted/unknown

Santos & Overington unpublished

12
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Audience Question

What percentage of the human genome is a
drug target?

53%
35%
8%
1%

Only ~1% of Genome is a Drug Target

nplidratica @

VS

JRYRYEYRYK Y]

13



Drug Targets and Drugs

4/1/2014

Targets Drugs
Drug target Total Small- Biotherapeutic Total Small Biotherapeutics
Class targets molecule drug target drugs | molecules
drug targets
Human
315 243 86 1133 951 182

Protein
Pathogen

) 52 49 4 205 200 5
Protein
Other human

15 3 13 75 50 25

biomolecules
Other
pathogen 8 7 2 102 99 3
biomolecules

Santos et al, unpublished

Drug Targets Present in Model Organisms

\\)

Q /: -

P. faiciparum
Yeast
E. coli

Drug target
76-99% of targets have orthologues
51-75% of targets have orthologues
26-50% of targets have orthologues
1-25% of targets have orthologues
No orthologues/No protein target

Santos et al, unpublished
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Drug Target Classes and Therapeutic Areas
i/,/’/”——_-—_§\\\‘\f
© v\)——l-fl\(

>
4% Protease
8% Oxidoreductases
[] [] 10% Kinases.
\ 5% Hydrolases
& %/
4 41%
- —
—
14

Membrane Receptor
l Transcription Factor

Transporter
Protein other /E,

un
B ~

Bt ©

o

Santos et al, unpublished

Privileged Target Families

Rhodopsin-like GPCR lon channels Nuclear receptors Protein kinases
PDBe: 3sn6 PDBe: 4kfm PDBe: 3e00 PDBe: 4foc

22% of drug targets 12% of drug targets 6% of drug targets 13% of drug targets
33% of small mol drugs 18% of small mol drugs 17% of small mol drugs 2.4% of small mol drugs

Over 53% of all targets and 70% of drugs modulate these four target classes

4/1/2014
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Molecular Targets of Current Drugs

Frequency distribution of drug target families follows a
50 log Normal/power law distribution

Likely outcome of

40 Building on previous drug prototypes, exploiting

subtype selectivity
Rhodopsin-like GPCRs

Importance of lead matter

> 30

§ Challenging to ‘drug’ new families

=

o

L 20

Nuclear Hormone Receptors

Family (domain) class
Overington, & Al-Lazikani unpublished

Domains within human genome

10004, e » Frequency of drugged
ImmunoglobueVHO domains is very skewed from
odopsm-hk_eGPCR . . , . . .
s00 Ipmunogabui ke underlying ‘natural’ distribution

Zﬁ‘é‘;eke‘?a'ﬁﬁé“"‘w'e"“‘ in human genome
-like domain .. .
RNA-binding region RNP-1 — Clear empirical evidence of
P el subtype ‘privileged’/druggable domains
600 Proline-rich extensin
KRAB box
Calcium-binding EF-hand
Zn-finger, C2H2 subtype
SH3 domain
o
400 ATmyr:Enog\obu\in C-2 type
Homeobox

200

Overington, & Al-Lazikani unpublished
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Footprint of Target Classes Across Disease

Ligand-gated ion channels Protein kinases

9 o [
el .
: | X ‘;’v [w]
s o -
| B o
/ J=
L e
Bl
Q\
Nervous
system

Cancer and inflammation

Santos et al, unpublished

Privileged Target Families

ChEMBL17 Drugs

® 7M1 ® kinase @ protease @ nuclear receptor ® hydrolase ® CYP450 @ VGIC @ redutase
transporter electrochem @ LGIC ® PDE @ phosphatase @ lyase @ isomerase 7T™M2 @ 7TM3
® NTPase @ transferase @ TRP @ KR TLR ® SUR © ligase other

Santos, unpublished
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Clinical Kinome

Ll )
eSly /20
o .
Lons Yoa TKL
. ' 5 *
&
/
I/, ) <<STE
CMGC 1/
f ')
3
= CK1
L] {
; | °
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"/ % @ Approved
,«/ > ® Phase 3
- Phase 2
b o Phase 1
) ® AGC

CAMK
Overington, Al-Lazikani & Wennerberg, unpublished

Clinical Kinome

* 399 Clinical stage human kinase inhibitors
— 29 Approved small molecule kinase inhibitors

* 15 -tinib — tyrosine kinase inhibitors
* 5-rolimus — mTor inhibitors
* 4 -rafenib — Raf inhibitors
* 2 -anib —angiogenesis inhibitors
* 1 -metinib — met inhibitor
* 1 brutinib — Bruton tyrosine kinase inhbitors
* 1 -dil — Rho kinase inhibitor (Japan only)
— 38 Phase 3
— 143 Phase 2

— 189 Phase 1

* Phase 1:2 ratio is atypical due to many kinase inhibitor trials

being phase 1/2 oncology trials

4/1/2014
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Kinase Inhibitors in Clinical Development

Kinase Inhibitor Polypharmacology

Staurosporine Sunitinib Sorafenib Imatinib Dasatinib
(no trials)

: TS o DU S -
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> > . o >~
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Adapted from Ghoreschi et al, Nature Immunology 10, 356 - 360 (2009)
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Kinase Inhibitor Attrition

Kinase USANs Cumulative Kinase USANs
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Overington, [mpublished
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Kinase Inhibitor Attrition

USAN to approved fraction! —~0.2 is long term mean for all drugs across all classes
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Overington, unpublished
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Kinase Inhibitor Productivity

7 O Pfizer
6
5
g :
E 3 O Novartis
z
2 oo o BMS . O AstraZeneca
1 |oooo O Roche
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“o-O0-0o0-0000—00 "
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Number Pipeline

Overington, unpublished

Cancer Drugs and Targets

~250 FDA
approved

cancer
drugs

%

Overington, Al-Lazikani, Hopkins, Nat Rev Drug Discov. 6 2006 5:993-6 (2008) - +-®
canSAR

Updated in canSAR: Bulusu et al, Nucleic Acids Res. 42 D1040-7 (2014)
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Cancer Genes

. nature
Seience 29 March 2013: Sc1ence Mutational landscape and significance across 12

Vol. 339 no. 6127 pp. 1546-1558

DOI: 10.1126/science.1235122 major cancer types
Cyriac Kandoth, Michael D. McLellan, Fabio Vandin, Kai Ye, Beifang Niu, Charles Lu,
REVIEW Mingchao Xie, Qunyuan Zhang, Joshua F. McMichael, Matthew A. Wyczalkowski, Mark D. M.
Leiserson, Christopher A. Miller, John S. Welch, Matthew J. Walter, Michael C. Wendl,
ca ncer Ge nome La nd sC ape 3 Timothy J. Ley, Richard K. Wilson, Benjamin J. Raphael & Li Ding
author

Bert Vogelstein, Nickolas Papadopoulos, Victor E. Velculescu,

L N R - Nature 502, 333-339 (17 October 2013) | doi:10.1038/nature 12634
Shibin Zhou, Luis A. Diaz Jr., Kenneth W. Kinzler—

nature

Discovery and saturation analysis of cancer
Nature Reviews Cancer 4, 177-183 (March 2004) | doi:10.1038/nrc12589 genes across 21 tumour types

Review

Michael S. Lawrence, Petar Stojanov, Craig H. Mermel, James T. Robinson, Levi A.
Garraway, Todd R. Golub, Matthew Meyerson, Stacey B. Gabriel, Eric S. Lander & Gad Getz
P. Andrew Futreal, Lachlan Coin, Mhairi Marshall, Thomas I I authors

Down, Timothy Hubbard, Richard Wooster, Nazneen Rahman &

Michael R. Stratton Nature 505, 495-501 (23 January 2014) | doi:10.1038/nature12912

A census of human cancer genes

- 8 ‘b
*canSAR

Cancer Genomics and Targets

Genome sequencing Identifying cancer driver genes
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Workman & Al-Lazikani, Nat. Rev. Drug. Discovery Nov 2013 °

4/1/2014
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Cancer Targets

67 cancer drug targets

&

- 2
canSAR

Al-Lazikani et al, unpublished o

Genomic Data Integration
http://cansar.icr.ac.uk
Drug annotated target networks Network environment profiles
" ~L LTS
|\”
S ?/\\ = xRN
\.) : = agy
Rew= :
i it I Protein Affinity Profile (395 malecular targets)
Ifln. _Raus
# E y ’ ’ 4 r TN : ’ ; j
Mutation profiles p O E )
B labat st W el At | 0 &
B Aean lgand oty -

o e

Drug activities canSAR
.

Bulusu et al, Nucleic Acids Res. 42 Jan;42:D1040-7 (2014)
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Audience Question

What will the future of drug targets be
focused on?

* GPCRs

* Nuclear Receptors
* lon Channels

* Enzymes

* Non-Enzymes

Centre for Therapeutic Target Validation

* Collaboration to pinpoint processes in the
human body that impact on disease.
* Public-private initiative:
— GSK: expertise in disease biology and
translational medicine

— EMBL-EBI: expertise in life science data
integration and analysis

— Wellcome Trust Sanger Institute: expertise
in the role of genetics in disease

@GlaxoSmithKline EMBL-EBI

( wellcome trust
Ysanger
institute

24
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The ChEMBL-o0g

The Organization of Drug Discovery Data

Resources: ChEMBL | SureChEMB | ChEMBL-NTD | Malaria | SARfaris GPCR Kinase ADME | Uni m | DrugEBIlity
m Monday, 13 January 2014

The ChEMBL-0g ADME SARfari: A tool for predicting and comparing cross-
Stores and news from . species ADME targets

WWs work in Drug Discovery,

Bioinkormalics, Cheminformat,
Struchural Biokgy,
Pramax Patert
informatics, Towcology, Open Data,
a2 The Semantic Web Resourcss

o SLWCHEMEL - for chamical
strcures from puteens
UriChem - for chemical siruchre
Intogranon acroas & lare rumeer
of rasenross

+ Tho SARris - fo systems-devel
views of kinazes, GPCRS and
ADME biology

+ CHEMBLmsfrs and CHENBL-
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ADVE studies are focused on understanding the disposition of a compound within an organisn and the results of such studies play 3
vencouver critical role in the Grug development process. ADWE studies (more commanly referred to as pharmacokinetic or PK studies) are
focused on 4 main aress: Absorption, Distribution, Metabolism and Excretion. More information an the PX measurement types can
GChEmMBL be found here.

Twots o Fotow Comparisons of PK data across spocies i 3 potential problem érug researchers need ta deal with, a5 model organtsm studies are

the primary source of such data. For example, in an animal model study, which may be carried out on a compound as it passes
[ Py through the dnug development pipeline, & it meaningful to compare clesrance or bioavailability data from a mouse or rat to
. human? Clearty there are many differences (physical, metabolic, genetic,..), which make answering these types of questions
ﬂ difficult. Bulding tools which guide researchers to potential answers or provide a better understanding of the inter-species
differances are of great valu - leading us nicely to the focus of this blog post.
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Session 3: Thursday, April 24, 2014
“Key Concepts in Identifying Drug Leads”

Chris Lipinski, Melior Discovery

Dr. Tudor Oprea, UNM School of Medicine, DTU Center for
Biological Sequence Analysis
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How has ACS Webinars”® ACS
benefited you? G ey ot

“keeping me up to date with new technologies,
giving me tips to landing the perfect job, and
allowing me a weekly chance to feel like a chemist
again even though | am unemployed!”

Fan of the Weels
Elizabeth Thompson,
unemployed chemist

Be a featured fan on an upcoming webinar! Write to us @ acswebinars@acs.org *
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‘» ij www.twitter.com/acswebinars

Linked m LinkedIn (search group for acswebinars)

Email ACS Webinars ® at acswebinars@acs.orq
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V Chemistry for Life”
CLICK * WATCH * LEARN * DISCUSS

If you enjoy ACS Webinars® every Thursday...
please support the program!

<

Not yet an .
oy \WWW.J0IN.acs.org

W et ACS Network
Join the world’s largest Where Chemists Connect

society for chemical
professionals to start ACS Network (search for group acswebinars)
en]oylng the many Www.communities.acs.org

benefits of membership

Find the many benefits of ACS membership!
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ACS Webinars® does not endorse any products
or services. The views expressed in this
presentation are those of the presenter and do
not necessarily reflect the views or policies of
the American Chemical Society.
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