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{4 Let’s Get Social!

Follow the American Chemical Society on Twitter, Facebook,
Instagram, and LinkedIn for the latest news, events, and
connect with your colleagues across the Society.
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@AmerChemSociety @AmericanChemicalSociety @amerchemsociety american-chemical-society
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E All Registrants ACS Members w/Premium Package
E Watch the unedited recording Visit the ACS Webinars® Library
— linked in the Thank You Email to watch the edited and

for 24 hours. captioned recording.
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Explore the new and improved ACS Webinars® Library!
1 ] |
Familiar search, sort, and filtering g
tools have been added to help find
the recording you are looking for

Accurate captions for accessibility

Improved granular topics and
collections

Exclusive for ACS Members
with the Premium Package

Visit www.acs.org/acswebinars to discover hundreds of recordings!
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< ACS
Chemistry for Life®
ChemIDP.org
Create a roadmap to help you
Start your achieve your professional
|
career on the : goals!
right path.
— Questions, comments, or you
= @ Q would like a workshop?
e ! ; Contact us!
b Ve -, '. " ChemIDP@acs.org
American Chemical Society 6
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ACS
chemidp.acs.org/my-vitae Y Cremistryfor e

NEWEST FEATURE!

A Better Way to Track and
Update Your Career Progress

My Vitae is a comprehensive
curriculum vitae (CV) for all your
personal and professional
achievements, experiences, and
competencies. Easily organize and
select components of your vitae to
begin drafting a resume, CV, cover
letter, and much more!

MY VITAE

Get started on yours with

ChemlIDP.org
7
Career Consultant Directory &F Chemistryfor Life®
Find a Career Consultant
Academia Government Industry
% ?E Sl
Nonprofit Independent Retirement
* ACS Member-exclusive program that allows you to arrange a one-on-one appointment with
a certified ACS Career Consultant.
* Consultants provide personalized career advice to ACS Members.
* Browse our Career Consultant roster and request your one-on-one appointment today!
www.acs.org/careerconsulting 8
8
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ACS
ACS Bridge Program G Chemistry forife

Promote Successful d devel
Increase PhD’s Awarded culture of graduate program components and career development
education opportunities

Being a part of the ACS Bridge program has benefited me in several
ways. | was able to pursue fully independent, fascinating research at
a top institution, but even more importantly, | was exposed to a
number of opportunities (such as conferences, career events, etc.) |
never would have known about otherwise. The best thing

about Bridge in my opinion, are the people at ACS who have worked
to make it happen. Their dedication to helping me develop
professionally and supporting me in good or bad times | will

forever be grateful for.

A

Hanin Sarhan, Bridge Fellow at Indiana University roup pieture from 2022 CKS 2t ACS HQ In Washington, DG

American Chemical Society 9

ACS Scholar Adunoluwa Obisesan

BS, Massachusetts Institute of Technology, June 2021
(Chemical-biological Engineering, Computer Science & Molecular Biology)

“The ACS Scholars Program provided me with monetary
support as well as a valuable network of peers and mentors
who have transformed my life and will help me in my future
endeavors. The program enabled me to achieve more than |
could have ever dreamed. Thank you so much!”

Sl GIVE TO THE

L. SCHOLARS
PROGRAM

Donate today at www.donate.acs.org/scholars

10
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https://www.youtube.com/c/ACSReactions/videos 11
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o
ACS Sam Jones, PhD
Chemistry for Life® fe) _ Science Writer & Exec Producer
/1
Looking for a new science podcast
to listen to? Deboki Chakravarti, PhD
‘ p Science Writer & Co-Host
T * I\I TO SUBSCRIBE
visit http://www.acs.org/tinymatters or
MATTE RS scan this QR code
Check out Tiny Matters, from the American Chemical Society.
12
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ACS on Campus is the American Chemical . Acs
Society's initiative dedicated to helping students ‘
advance their education and careers. CAMPUS

Share your science with confidence - w! essential tips
for becoming a better writer. reviewer
communicatoc

Get Ahead.

Develop your careet. network with local professionals.
and learn how 1o leverage your ACS membership.

acsoncampus.acs.org

ACS
ACS Career Resources Y ChemistryforLife”

Virtual Office Hours Personal Career Consultations Linked[l] Learning

Jim Tung

https://www.acs.org/careerconsulting.html https://www.acs.org/careerconsulting.html https://www.acs.org/linkedInlearning
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ACS Advocacy <7 f;egfww

See your influence in action!

The impact and results of ACS member advocacy outreach and efforts by the numbers!

1739+ 49

Members participated ACS Advocacy Years of Public

In Act4Chemistry Workshops p”artlmpants Policy Fellows
or enrollees

2000

Letters sent to
Congress

Get Involved Enroll in a workshop Become a Fellow Take Action

American Chemical Society httDS://VV\NVV.aCS.OrqlDOliCV 15
15
ACS T.EChR‘HiC{ﬂ P\V[sion AC__S_Committee
A complete listing of ACS Safety Programs and Resources
CHEMICAL SAFETY
Resources to Support Laboratory Safety
Education and Practice
Download it for free in the “Projects & Announcements” Section! www.acs.org/ccs
B D lsmuse [ams,  e——
16
16
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ACS OFFICE OF DEIR

Advancing ACS' Core Value of Diversity, Equity,
Inclusion and Respect

Resources

Inclusivity Style Guide

ACS Publications DEIR Hub

C&EN Trailblazers

Quick Guide: Inclusion
Moments

17

ACS Webinars on Diversity

ACS Volunteer and ACS
Meetings Code of Conduct

NEW! Download DEIR
Educational Resources

Quick Guide: How to host
inclusive in-person events

ACSPublications

Most Trusted. Most Cited. Most Read.

Diversity, Equity, Inclusion, and Respect

**adapted from definitions from the Ford Foundation Center for Social Justice:

Equity**

Seeks to ensure fair treatment,
equality of opportunity, and

fairess in acc nformation
and resources for all. We believe
this Is only possible in an
environment built on respect and
dignity. Equity requires the
identification and elimination of
barriers that have prevented the

full participation of some groups.

Diversity**

The representation of varied
identities and differences (race,
ethnicity, gender, disability, sexual
orientation, gender identity,
national origin, tribe, caste, socio-

economic status, thinking and
communication styles, etc.),
collectively and as individuals. ACS
s to proactively engage,
understand, and draw on a variety

of perspectives.

Inclusion**

Builds a culture of belonging by
actively inviting the contribution
and participation of all people.
Every person's voice adds value,
and ACS strives to create balance
in the face of power differences. In
addition, no one person can or
should be called upon to represent

an entire community.

Respect

Ensures that each person is treated
with professionalism, integrity, and
ethics underpinning all
interpersonal interactions.

https://www.acs.org/diversity

Most Trusted. Most Cited. Most Read.

ACS Publications’ commitment to publishing high-quality content continues to attract impactful resear
addresses the world’s most important challenges.

Browse Content

Publish with ACS

18

New Products & Services

Materials
Science &
Engineering

ACS Open Science

https://pubs.acs.org

Organic-
Inorganic

NEW & NOTEWORTHY

Follow your favaurite journal or newsletter
through the Email Preference Center

Open Access for everyone - no matter your
institution

Find the latest virtual, hybrid and in-person
events hosted by ACS Publications

Explore ACS Solutions

18
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Acs PROGRAM [ BOX

#ACSPIB is Back!

Featuring the chemistry of photography and

imaging as part of National Chemistry Week

+ Afree and easy event during the week of
Oct. 20-26 for your students and
early career chemists

Sign up below to be notified when
registration begins in August 2024

Go to www.acs.org/pib to
pre-register for the event

AMERICAN CHEMICAL SOCIETY

19

ACS
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BECAUSE PEOPLE
LIKE YOU CREATE [t
GREAT CHEMISTRY IS — s ==

20

$ R b
You belong here 160 = bars & Sociaty 80
Affiliates s40 R Geadh o
S80  recent Graduatess @
s55 Graduate Students
Have a Different Question? $25  undergrad g
Contact Membership Services
s80 Retired
Toll Free in the US: 1-800-333-9511
s0 Emi

International: +1-614-447-3776

service@acs.org

20
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Wednesday, June 12, 2024| 2pm-3pm ET Thursday, June 13, 2024| 2pm-3pm ET Thursday, June 20, 2024| 11am-12pm ET

Talking Science: Communicating Your Chemistry and the Economy: One Door Revealing Mona Lisa’s Secrets Through
Research to Diverse Audiences Closes as Another Opens Advanced Analytical Chemistry

Co-produced with ACS Industry Member Programs and

Co-produced with ACS Productions ACS Division of Business Development and Management

Co-produced with ACS Publications

Register for Free ~ Browse the Upcoming Schedule at www.acs.org/acswebinars
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Pharmacology for Chemists

Terry Kenakin, PhD BRYAN TWEEDY, PhD

Assistant Director, ACS Education,
Office of Career and Professional
Education, American Chemical Society

Professor of Pharmacology.
UNC School of Medicine

This ACS Webinar® is co-produced with ACS Office of Career and Professional Education.
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Pharmacology for Chemists

Terry Kenakin PhD
Dept Pharmacology, University of North Carolina, School of Medicine. Chapel Hill, NC

Course Outline

Terry Kenakin Ph.D.

.
BS Chemistry, PhD Pharmacology
University of Alberta, Edmonton, Canada
,' 7 Yr. Burroughs-Wellcome Co.

25 yr GlaxoSmithKline

13 yr University of North Carolina
School of Medicine

P S T L R M S e A T B I S Y]

6 weeks / 1 hriwk

H H » Early Safety Studies / Translation of Drug Activity In Vivo
Recorded / slide pdf provided - Clinical Testing

24

24
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Pharmacology for Chemists

Terry Kenakin PhD
Dept Pharmacology, University of North Carolina, School of Medicine. Chapel Hill, NC

Course Outline

*  Whatis Pharmacology? (Historical Perspective)
* Pharmacology for Drug Discovery (Biologist / Med Chemist
Interface)

2 * Drug Discovery: Target-based vs System-based Projects
; \ Drug Targets and Drug Target Validation
( *  What Molecules make Good Drugs? (Small molecules / Biologicals)
Biologist 2

« Screening for New Drugs
’
« Agonists, Antagonists and Allosteric Modulators
* The Lead Optimization Process (Binding / Function)

« Demonstrating Target Engagement In Vitro
» Development Properties (Pharmacokinetics, Safety Pharmacology)

6 weeks / 1 hr/wk

; : « Early Safety Studies / Translation of Drug Activity In Vivo
Recorded / slide pdf provided » Clinical Tosting

Pharmacology for Chemists

Terry Kenakin PhD
Dept Pharmacology, University of North Carolina, School of Medicine. Chapel Hill, NC

2 \
Bi‘“’;é \'

s

Course Outline

\

Terry Kenakin Ph.D.

BS Chemistry, PhD Pharmacology
University of Alberta, Edmonton, Canada

7 Yr. Burroughs-Wellcome Co.
25 yr GlaxoSmithKline

13 yr University of North Carolina
School of Medicine

RS IS ST IS S SO S S B U S IS S S SIS EE SRS S SRS

6 weeks / 1 hr/wk

; : « Early Safety Studies / Translation of Drug Activity In Vivo
Recorded / slide pdf provided » Clinical Tosting

6/3/2024
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What is
Pharmacology?

a mixed
breed...

chemistry &

toxicology




L]

Pharmacology is Unique and * ‘Drugging’ Targets :The Art of
Essential to Drug Discovery Finding Molecules

* The Pharmacology / Med Chem + Applying the Tools: How do Drugs
Interface Work?

* Drug Discovery: State of the Art « What is Drug Efficacy?

* Tools of the Trade: « How Do Drugs Interact with
Pharmacologic Assays Targets?
* Tools of the Trade: Biological * In Vivo Testing and Drug
\ Drug Targets Development

B~ e —— =7

/

6/3/2024
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There are basically four properties of a molecule that can be used to
predict activity in all physiological systems:

1. Affinity: what concentrations of drug are

needed to engage the drug target?

. ;an 97 2,

v wz A wE

o S Efficacy,
4

L N
What a Drug Does When it Binds to the Receptor

3. Does the ligand bind in an orthosteric or
allosteric manner with the target in terms

of the natural agonist(s).

Receptor Occupancy

Efficacy: What pharmacological effect will be
observed upon target engagement and to what
extent are they biased toward some pathways
over others?

Allosteric Interaction
P —

o

ST

e W BRRe

4. What are the kinetics of interaction of the
molecule with the target, i.e. rate of offset.
This defines target coverage in vivo.




W
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Pharmacology is Unique and
Essential to Drug Discovery

+ The Pharmacology / Med Chem
Interface

* Drug Discovery: State of the Art

* Tools of the Trade:
Pharmacologic Assays

+ Tools of the Trade: Biological
Drug Targets

‘Drugging’ Targets :The Art of \

Finding Molecules

Applying the Tools: How do Drugs
Work?

What is Drug Efficacy?

How Do Drugs Interact with
Targets?

In Vivo Testing and Drug

Development

What a drug does...and what a drug is...

E

E
Full Agonist ém
O feee #

100
&0
o0

2 K ] 8
Log [Prenalterol]

7/ New synthetic agonist prenalterol

(" On Tuesday you said it was a full
agonist... on Thursday you said
partial agonist...this Monday its

now an antagonist..how can you be

so wrong so often?

')4

* Agonist: Drug that produces a cellular Response

10

6/3/2024
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Chemists are from-enus Mars and
Biologists are fromMars-\Venus

Physical Sciences have Biological Sciences have
absolute scales moving scales

The Protean Nature of
Drug Activity....

(Drugs change their activity profile
in different physiological systems)




|

Drugs interact with living-
breathing physiology and [,

. = n . -
their activity can change ‘1 -
in different physiological o — -

systems

If Biologists persist in giving chemists
system dependent data
(drug behaviors)... f‘[ Bl

Medicinal .« |/

. P
0 E X LY
- - m "_._.-‘“h )
e \ ; £ 1 ._"|
o 3 \ \ " ) \. l b

I“L_ \-

14
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mical Scales for Biological A
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Fundamentals of Pharmacology
Characterizing Drug Action

Pharmacologically Answerable Questions....

our compound is
Answer: NO....these are = a full agonist
behaviors, not molecular :
Your compound is a

properties partial agonist

16



Fundamentals of Pharmacology
Characterizing Drug Action

Pharmacologically Answerable Questions....

your compound produces
competitive antagonism

Answer: NO...these are
kinetic behaviors, not
molecular properties

non-competitive
antagonism

Your compound produces W

Biolegist 2 ,

17

Fundamentals of Pharmacology
Characterizing Drug Action

Pharmacologically Answerable Questions....

your compound is an allosteric

Answer: YES....these are two
modulator

separate molecular
mechanisms of action and
both can't be correct.

Your compound is an
Each comes with a separate orthosteric antagonist
and different set of

therapeutic behaviors

18
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What someone does...and what
someone is...

Painter

19

Aim of Receptor
Pharmacology

What something does....

Snapshot of behavior in time..

What something is...

Predictor of Spectrum of Behaviors...

20

6/3/2024
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Aim of Receptor
Pharmacology

-

.

Pharmacologists should be telling medicinal
chemists what their compounds are,,,,,,

not just what they do...

~

)

21

Aim of Pharmacology in Drug Discovery

/

-

Recreate
Physiology?

Receptors

Glucose \
(o]

% El I ﬂjﬂ] 2
>
% —‘w
] > J
ATP [Respiration |«
ij r—coa
HCO5™
Na* cr [~

H* HCO3 +H*<CO02 Lactic
Acid

A

H* Lactate

LAP Sensor — Response

22
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‘Pharmacology can

-

What a molecule
\ can and can’t do

3 Separate Structure-Activity
Relationships

Primary Target Efficacy
Drug
N

A.D.M.E. Properties Safety Profile

24

12



Independence of Drug SAR

Primary Target SAR
@ |GF-1RpKi 8 -
ADME SAR
O CYP1A2 73 7
O cYp3a4
7 1° Target
e} 6= SAR
5 -
L y NH —
2 5 4
?:IN" N\ 7 ro
HN .
pie]
HO ADME SAR
5 -
al 2 i
IGF-1R Inhibitor 3- 4 —
(1H-benzoy! [d]imidazole-2-yl) : i
idin-2 (1H e i
pyridin-2 (1H) R_ 5

25

Lead to Drug: Maraviroc (Pfizer) for HIV-1 Entry

A\
=

( > 1000 cmpds + hERG ]

Screen HIT

No therapeutic .
activity1;«©
P
QPN

O Unstable, lipophilic

Dose >1 g/day ¥
X
NH
- N@ F N%\Nx
U
v AN
g NM Gain of therapeutic T TN
activity (HIV blockade) P —
o LU‘;%;: 1.9
Caco =2.6x10%

HLM =51 min
F (dog) = 41%

J

Blocked chemokine binding but not HIV
Dorr et al (2005) Antimicrob. Agents Chemotherap. 49:4721

26
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13



Fundamentals of Pharmacology
Affinity and Efficacy are Different

7..we knew thar the recéptor bound histamine. so it
was a matter of keeping affinity and losing efficacy... "
Sitr James Black. 1996

Metiamde

9.0 7E7(ﬂicﬂ¢y] CHy, c-t,ﬁ:h,ra,m«l:mu-
— i :
8.5+ =] el \n 1'% Sirlames W.
8.0 CGuamdine 1sostere . Black F.R.S.
CHy,_ FHSCHCH I b, CHSCHCHMMENHMe
- —\ o == WO
7.55 I M }a — I ",‘,."'
m — { \ 5

X 6.5 m{‘ ,}1 e ‘"{. : /_4_.’" =05 E

2 a 5 Burinamide
8.0 EHCHCH b
5.5 [\ 4
5.0 SKFOISE]
4.5 Y 5 - 5 5 Jdoo
4.0 T T T T T 1

o LAffinity 3 a 5 8 7

Compound #

27

Drug Discovery
iIs Hard.....

Successis the ability to go from one failure to
another with no loss of enthusiasm.....

Winston Churchill
(1874-1965)

28

6/3/2024
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Pharmacology is Unique and + ‘Drugging’ Targets :The Art of
Essential to Drug Discovery Finding Molecules

The Pharmacology / Med Chem Applying the Tools: How do Drugs
Interface Work? =

Drug Discovery: State of the Art « What is Drug Efficacy?

Tools of the Trade: « How Do Drugs Interact with
Pharmacologic Assays Targets?
Tools of the Trade: Biological * In Vivo Testing and Drug

Drug Targets Development /
* Drug does what it is supposed to do '
in the disease indicated

50% Atlrition Rate.

Candidates due to
lack of Efficacy”

* Drug does what it is supposed to do
in the disease indicated

for New'Drug =~ -

6/3/2024
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Why do we need to Know our
Molecule?

(Pharmacological Examination of the properties of Molecules Advanced to Drug
Candidate Status)

Gain insight into disease state and what is required (of
next molecule)

Avoid pitfalls and not follow failed candidates with another
copy of the same thing

16



Strategic

Efficacy

Pharmacokinetics
/bioavailability 1%
Safety

BioBusiness Briefs (2011) Nature Rev Drug Disc. 10:1

33

What efficacy is needed to
treat the disease?

» Was the wrong biological target
chosen?

» Was the wrong chemical target
chosen?

* Were the true efficacies of the
candidate molecule adequately
known?

Pharmacokinetics

/bioavailability 1%

BioBusiness Briefs (2011) Nature Rev Drug Disc. 10:1

34

6/3/2024
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The Drug Discovery Process
'Fail Early / Fail Fast™

molecules

[ Emphasis on early testing to weed out high risk ]

22y

; - -
environment

receptor

+ Varied
Surrogate environments/
response stimul/

element multiple targets

Drug interacting with
integrated human system
under pathological control

*NCE's that fail in Phase IIT have incurred 90% of their
development costs - Price-Waterhouse-Coopers, 1997

35
* Pharmacology is Unigue and » ‘Drugging’ Targets :The Art of \
Essential to Drug Discovery Finding Molecules
+ The Pharmacology / Med Chem + Applying the Tools: How do Drugs
Interface Work?
* Drug Discovery: State of the Art « What is Drug Efficacy?
* Tools of the Trade: * How Do Drugs Interact with
Pharmacologic Assays Targets?
* Tools of the Trade: Biological * In Vivo Testing and Drug
Drug Targets Development /
2 A S N >
36

18



Two Fundamental Properties of All

Assays
Sensitivity Comprehensiveness
What is the lowest Are all the components present in
level of signal that the the assay to correctly reflect drug
assay can detect? activity?

\

P -
37
Assay Technologies Explode.......
Recombinant-Natural? | 27 messenger?
Cell Type? <z \ [ , _ GTRyS?
ool Timo? N —— l — e
r \ B-Arrestin?
Label Free? '/.—'
*
Binding? \/ MAPK signaling?
Calcium?
38

6/3/2024
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39
’ el epe
Pharmacology’s Responsibility to use the
i(D; U4
Right” Assay
I predict no progress in | The surge will come when ] WHAT THAT'S LOHERE
our lead optimization we realize we've been using | | ABOUT
program for 2 years and the wrong assay to ACBC%%NF YOU COMEIN.
then there'll be a sudden measure activity and we
surge... change it... ABILITY?
| P
;\_.i -
— pharmacologist
phqrmacologisf =
40

20
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o

s « Sensitive
Compound Detection (Screening) . Robust

Selective

Compound CharacteriZatiof True reflection of compound
(Lead Optimization)# pharmacology
i » Verisimilitude to Models

 Mechanism of Action
SAR

41

Does your Assay Accurately Reflect
your Compound’s Profile?...

42

6/3/2024
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BINDING

FUNCTION

Most Simple

\

Advantages
Simple
Low Cost

Disadvantages
Incomplete information
Miss efficacy (agonists)
Under-estimate ligand
activity

Misinterpret alloste
Yes/No output for \ P ry/

ligand/receptor
interaction +
strength of effect

Most Comprehensive
Functional
P assays

Detect much wider range of
Effect(s)
Gauge intensity of Effect

GPCR Assays: The Eyes to See
Evolution of Detecting Primary and Secondary Ligand Effects

( Advantages \

= Detect Agonism

= Detect Allostery (+/-)

» Detect Functional
Antagonism

Disadvantages
= More complex

» Bias mis-translation /

44

6/3/2024
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K Pharmacology is Unique and » ‘Drugging’ Targets :The Art of \

Essential to Drug Discovery Finding Molecules

* The Pharmacology / Med Chem + Applying the Tools: How do Drugs
Interface Work?

* Drug Discovery: State of the Art + What is Drug Efficacy?

* Tools of the Trade: * How Do Drugs Interact with
Pharmacologic Assays Targets?
* Tools of the Trade: Biological * In Vivo Testing and Drug

\ Drug Targets Development /

* Currently Industry and Academia pursue = 240-280
gene targets

from Hopkins and Groom (2002) Nature Rev. Drug Disc.1:727

45

Target Selection for Drug Discovery

Human Genome = 30,000 genes

Drug Targets = Disease-modifying
600-1500 genes* genes = 3,000 genes

Druggable Genome
= 3,000 genes

* Currently Industry and Academia pursue = 240-280

BN from Hopkins and Groom (2002) Nature Rev. Drug Disc.1:727

46

6/3/2024
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Wargets IN"Diseasé

-

Identification through Mutation (CCRS)

Identification through Reverse Pharmacology (Orphan
Receptors)

Unique Knowledge of Physiology

Phenotypic Screening

Protein Replacement / Correction

Protein Elimination (PROTACs, CRISPR)

Palliative Treatment

Target Fine-Tuning

Complex Targets

24



Pharmacology is Unique and
Essential to Drug Discovery

The Pharmacology / Med Chem
Interface

Drug Discovery: State of the Art

Tools of the Trade:
Pharmacologic Assays

Tools of the Trade: Biological
Drug Targets

‘Drugging’ Targets :The Art of
Finding Molecules

Applying the Tools: How do Drugs
Work?

What is Drug Efficacy?

How Do Drugs Interact with
Targets?

In Vivo Testing and Drug
Development

6/3/2024

25



*Unique
ractable
Scaffolds o

Function of Pharmacologists

Biologically Active Molecule

Chemical Space

Compound Library

i
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Screening as a source of new drugs

54
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Target ‘Drugability’
(Finding Ligands for Drug Targets)

» ‘Conventional’ Highthroughput Screening
» Fragment-based Screening

» Phenotypic Screening

 Ultilization of Target Crystal Structures

* Docking and Virtual Screening

* Orphan (Constitutive) Screening)

55

A <

Pharmacology is Unique and * ‘Drugging’ Targets :The Art of \
Essential to Drug Discovery Finding Molecules

The Pharmacology / Med Chem « Applying the Tools: How do Drugs
Interface Work?

Drug Discovery: State of the Art « What is Drug Efficacy?

Tools of the Trade: » How Do Drugs Interact with
Pharmacologic Assays Targets?

Tools of the Trade: Biological + In Vivo Testing and Drug
Drug Targets Development

56
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57
Characterizing Agonists
Molecular Mechanism of Efficacy
Conformational Selection : Drugs enter the
Conformational Cafeteria
Native Ensemble A lgardd Ligandedrlgrls_e_rr_ltzlg\ Bl
*n E . ~ .:.l:. e |Ih ° :  (iB151673)
R Q 8o :. ‘ l;b ¢ :: e ¢ E Le Chatelier’s Principle
_H. ‘If a dynamic
4 g 5] g 'I" 0 4 0 I - : ¢ 'f i equilibrium is disturbed
a g quh g 0 ":F: 0 .. T ¢ f' i l;;;lchanging thgt_
. |1 conaitions, the position
I i of the equilibrium moves
¢ g BT 0 o¢ "
e & ’ to counteract the
\ change’ /
58
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Fundamentals of Pharmacology
Value of Predictive Data

System Ind dent .
What We See F’harnz:cirlggri]caelpsgra?eters What We Predict
Derived from Mathematical
Models

Predictive Data
(Activity in Al
systems —
including the
Therapeutic
. -one)

59
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Fundamentals of Pharmacology
Determining Mechanism of Action

We Link What We See as Mechanism
Through Models

-

61

Fundamentals of Pharmacology
Comparing Data to Models

-~ > 4

Some Models are Better than Others....

The best models have rules ...
(mathematical models)

‘What is it that breathes fire
into the equations and
makes a universe for them
to describe?...’

“I think you should be more explicit here in step two.”

Stephen W. Hawking (1991)

62
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ACS
W Chemistry for Life®

www.acs.org/acswebinars

THE LIVE Q&AIS T s S S 0L -...' -
ABOUT TO BEGIN! : S o ) AN e

, G N
Keep submitting your questions R ' ¢ d ! A e 04 .
in the questions window! X

93

AC S www.acs.org/acswebinars ACS WEb'na rS
W Chemistry for Life®

CLICK - WATCH - LEARN -

Thursday, June 13, 2024| 2pm-3pm ET Thursday, June 20, 2024| 11am-12pm ET
Talking Science: Communicating Your Chemistry and the Economy: One Door Revealing Mona Lisa’s Secrets Through
Research to Diverse Audiences Closes as Another Opens Advanced Analytical Chemistry
Co-produced with ACS Productions Co-produced with ACS Industry Member Programs and

ACS Division of Business Development and Management Co-produced with ACS Publications

Register for Free ~ Browse the Upcoming Schedule at www.acs.org/acswebinars
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@ Do the VTR Determining

| v 73 #4 [ Mechanism of Action

Make a
Prediction

Do _Another
Experiment

63

chemist whatdo 1 Yernal Checks (Predicting the Movie)

consider activity? : qxt
Elevated base”neg pr [ Allosteric Modulator of Muscarinic Receptors BQCA)

Through the Cellular Veil

I Drug Cellular Response I

i:> @gwwy - f

Drug Stimulus

Snapshot
in vitro Assay)

\ )

% \_ (in vivo) Y

Log[ACh]:M Log[ACh]:M

64
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Know Your Molecule (BQCA Allosteric potentiation)

Effects of a PAM-Agonist on

Acetylcholine Response / \
1.0 = »BRE —» R Functional Allosteric
’ =15
E =2 ‘ E Model
> ki Ty= DAt S Sockon-EMert Binding Mode + BlackLeff perationl Model
< Ke= 5 1M A + BR ABR—»ABRE—»p :
A L
- ot
Q 04 1 3 Tormsaca . s e N e B
. % 105 BaCA A +R 5 AR —»ARE—»S K, Bt ) B 1
’ + .
0.0 = - B B Kenakin, TP /.’U@ Natwe Reviews Dg D«mm’{j‘ 490901
Pricetal (1005) Mol Phamacol. 68: 4841495,
e . = = o et FJ 00051 Phormacol. B Ther 315: TS,
LoalAChL:M \ Binding Model p /
65

Know Your Molecule (BQCA Allosteric potentiation)

") Sensitive Cell Line ® Less Sensitive Cell Line

1.0 - o

. 0.8
>
Z o6 =06
= Of course... my molecule has
Q y
(&_) a2 0.4 micromolar affinity, increases
E 0.2 w 0.2 agonist affinity by x15, efficacy by
x2 and has 1.4% direct efficacy
0.0 4
-12 =10 -8 -6 al -
Log[ACh]:M Log[ACh]:M

(c) )

Less Sensitive Cell Line Low Sensitivity

0.9
% o7
=
5' 0.5
® Contol < 03
) 10°MBaCA Y
A 10°MBQCA |
4 105MBOCA 0.1 ® Control
© 100 uM BQCA
-0.1
-10 -9 -8 -7 -6 =l 2 8 - 6 5 4 -3 -2
Log[ACh]:M Log[ACh]:M

Bdioui et al (2019) J Recept Signal Transd. 39: 106-113
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Pharmacology is Unique and
Essential to Drug Discovery

The Pharmacology / Med Chem
Interface

Drug Discovery: State of the Art

Tools of the Trade:
Pharmacologic Assays

Tools of the Trade: Biological
Drug Targets

6/3/2024

‘Drugging’ Targets :The Art of
Finding Molecules

Applying the Tools: How do Drugs
Work?

What is Drug Efficacy?

How Do Drugs Interact with
Targets?

In Vivo Testing and Drug
Development

34



The Multiplicity of Efficacy

_ wm._ij GPCRs are
o O & W %7 Pleiotropically
L , '\,.m
- oy m,m ¢ # Qoup_led to many
| o | T Signaling Pathways
4 e MEKK3 — KK o
QY / t-!'Qﬂmsks s F'\chcaﬁmrsamj/ In Ce"S
& o 8

\\\EHK‘ NFAT

69
Fundamentals of Pharmacology
Efficacy: Do All Drugs Activate Pathways Uniformly?
Not All Agonists Activate All
A angiotensi Pathways Equally
& Receptor ——
70
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Pharmacological| 7 ITransmembrane Receptor Sig na.-ng
Sci Terry Kenakin, Robert Lefkowitz, Michel Bouvier, Jonathan Violin,
Genevieve Oligny-Longpre
A

N

S

G-protein

S o
RN

S
w

B-Arrestin

Fraction Maximum

o
e

-11-10 -9 -8 -7 -6 -5 -4
Log [Angiotensin]

from Violin et al 26003) Proc. Natl.

i 100: 10782

ZTransmembrane Receptor Sig%

Terry Kenakin, Robert Lefkowitz, Michel Bouvier, Jonathan Violin,

Genevieve Oligny-Longpre

Ofe Ove

TRV120027

G-protein

10 9 -8 7 -6 -5
Log[TRV120027)

Srom Violin et el (2003) Proc. Nad.
Acad. Sci. 100:10782]

TOCRIS

L eriard
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Characterizing Agonists
Different Agonists Stabilize Different Active Conformations

Biased
Agonist,

&=
*«
4

Biased
Agonist,

B-Arr

73

Signaling Bias

Signaling Bias is
Just One of the
.

N'?atu ral
Allosteric Nature of
GPCRs

74
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Signaling Bias

Tirzepatide: GLP-1 Agonist Biased away from B-arrestin

0, OH oH

8 "/ :/ Wy o
G Gha 0
W\m;/ (w ,\5 I A\ * Willard.et al (2020) Tirzepatide is an

imbalanced and biased dual GIP and GLP-

0 " ‘\1
”‘k,,ﬁ‘“ w9 'j'u“’l”“fq"‘*’v“""“ Ireceptor agonist. JCI Insight, 3, 140532,
W " b hitps://doi.org/10.1172/jci
= 3 I/ n"J\f"‘uH i __I?'\ H o
5 o s ey o '
0 " Aot 'ZIF' b 8 m:r : * Tuliantie et al (2020) Pharmacological
o\ N - L) characterization of mono-, dual- and tri-
a s ﬁ BESD Eds peptidic agonists at GIP and GLP-1

Aoy M A A R
K'"'(lﬂ Ty receptors Biochem. Pharmacol.177:114001

75

Should an agonist
program seek bias?.....

No need....

Bias will seek the agonist §
program’

76
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Drugs Can Have Many Faces
Drug Nomenclature Becomes a Problem in Onomastics

5 N
H N\f. H TRV120027

HMN_ o~ _OH NH

H iiLl Ho 1 ILI:’J"J ILQ;\ Oy-om ———————
WY W O s s [
‘ S I i e x * None
mp o
§>1oo- + 100 M
< ¥ 1uM .
g 11 TRV120027 S Gg-Protein:
E o0 _ B-Arrestin 2 50 TRV120027 is
2o e TRV120027 = an
5 02 / s an SC; - ANTAGONIST
A AGONIST AR = = o Sall S
R . g e & 4110 -9 8 -7 6 -5

Log [TRV120027]

[Anaiotensin I

Violin et al (2003) Proc Natl Acad Sci
US4 100:10782

79
The Evolution of Pharmacologic Agonism
First Historical 1970’s 1990’s Present Day
Model ) ) )
l agonism l agonism lagonlsm lagonlsm
e‘: ) ?
6o
ey /2
g WO
Different Cell
. Types
Monotonic Cellular Pleiotropic Signal Agonists can ‘Bias’ l l 1
Sign.al varying only (Efficacy has ‘Quality’) Cell Signals -
in Strength Cells can Modify Bias
(Problems in
Translation)
80
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What is Drug Efficacy?
(Beyond Second Messengers)

GPCRs:
Physiology’s ‘Swiss
Army Knife' for the

control of Cellular

Function

What is Drug Efficacy?
(Beyond Second Messengers)

A
\‘n Ubiquitin
: . Clathrin, AP2

41



What is Drug Efficacy?

-

Efficacy...

© just because
\ you don’t see

.

T it does not
2N mean it’'s not
] there. ..

A

ViSs
the
lar

83

F 2

Efficacy defined as the ability of molecule to make the target
(receptor) change its’ behavior towards it's host (cell)
" -

v
. :54-'3'"':':':',' ’f"?’“b

Screening

6/3/2024
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Pharmacology is Unique and » ‘Drugging’ Targets :The Art of \
Essential to Drug Discovery Finding Molecules

A

The Pharmacology / Med Chem + Applying the Tools: How do Drugs
Interface Work?

* Drug Discovery: State of the Art + What is Drug Efficacy?

* Tools of the Trade: « How Do Drugs Interact with
Pharmacologic Assays Targets?
* Tools of the Trade: Biological * In Vivo Testing and Drug
k Drug Targets Development 1/
s 4 ANMTUSLETTUC ATTLaguUTTHSL TTiay s

th t ist (Partial
only Partially Block Agonism e

Agonist)
85
Fundamentals of Pharmacology
Allostery/Orthosteric
Allosteric Orthosteric
) Response to
Agonist
Completely
Blocked
Antag
] =]
4 6’ i & Residual Response is due to
‘I Allosteric Antagonist may f 5» e antagsnist (Partial
only Partially Block Agonism Bgonist)
86
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Fundamentals of Pharmacology
Allo vs Ortho: Why is it important?

Receptor .

In vivo Orthosteric
Drugs ‘Hijack’ the
Receptor stopping
Natural Signaling and
Imparting their own
Efficacy

87

Fundamentals of Pharmacology
Allo vs Ortho: Why is it important?

In vivo Allosteric Drugs
Partner with the
Vv ’ Receptor: Resulting
Efficacy is a mix of
Natural and Allosteric

88
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Fundamentals of Pharmacology
Orthosteric and Allosteric Drugs are Apples and Oranges

Orthosteric Drugs Allosteric Drugs

Partner with natural system; result an
» Impart their Efficacy on the System amalgam of effects

+ Limitless effect (i.e. no saturation of effect) *  Effects could be ‘probe dependent’: not
constant for all natural agonists

* Duration of Action linked with Intensity of Action
Duration of Action not necessarily

«  Effect identical for all physiologic agonists linked with Intensity of Action

Limited effect: no possible overdose

89
Orthosteric Interaction
Agonist ‘ ‘ Antagonist
The Drug with the highest Affinity and/or highest
Concentration Wins!
90
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Bruce Wayne

91

Methods to Demonstrate Target Engagement

Physical Interaction

* Binding

* Isothermal Titration Calorimetry
» Free Solution Analysis

+ CETSA

» X-Ray Crystal Structures

+ NMR

Functional Response

Collateral Presence: Recombinant host cell Systems
Multiple Pathway Analysis

Biosensors

Label Free

Knockouts

92
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Target

Engagement

Pharmacology is Unique and
Essential to Drug Discovery

The Pharmacology / Med Chem
Interface

Drug Discovery: State of the Art

Tools of the Trade:
Pharmacologic Assays

Tools of the Trade: Biological
Drug Targets

‘Drugging’ Targets :The Art of
Finding Molecules

Applying the Tools: How do Drugs
Work?

What is Drug Efficacy?

How Do Drugs Interact with
Targets?

In Vivo Testing and Drug
Development
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8 ATest Compound Goes In Vivo

umans......
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= .‘._

Closed Systems

Concentration

Fundamentals of Pharmacology
Kinetics: In Vivo Real Time Matters

Open Systems
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0 50 100 150 200

Time |
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Fundamentals of Pharmacology
Kinetics is Different from Potency

= Kg= 50 HM}

Fast Drug
== 1
3 ki (;_03150:' NL = Kg =50 nM
& x 10°s
o
=
3]
o Slov:' Drug
— k 0.005s™M
2 ate
O 1
[4h)
Q
QO
o

Time

98
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Drug-like Properties for Therapeutic Influence.....

Every biological Drug

T S e e Target
“Candidate + Receptors, Enzymes, ion Channels,
Molecules Transporters, Nuclear Receptors

For every Therapeutic Indication
* Cardiovascular, CNS, Gl, Immunology,
Oncology, Endocrinology

MUST be able to :
* Enter the Body
* Distribute to the Therapeutic target
organ
* Remain there long enough to cause
T s N response
Viable Drug Candidates 4§ « Cause NO HARM

Pharmacokinetics

Dosage:& Absorption: How
much of the drug given
gets into the body?

Distribution: How
well does the drug
4 reach the therapeutic
organ?

-

: !
Repeat Dosing: How often ‘ ‘ k
must the drug be given to - -
attain therapeutic — Clearance: How long
coverage? does the drug remain
in the body?

100
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Pharmacokinetics

Central compartment
(systemic circulation)

. Plasma hydrolysis .
Absorption t Excretion

p free drug T >

==/

Protein-bound

metabolites

Biotransformation
(metabolism)

Tissue Reservoirs

101

Early Safety Testing

Off-target Effects
Cytotoxicity

Ames Test

Drug-Drug Interactions

Hepatoxicity

102
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Pharmacology for Chemists

Terry Kenakin PhD
Dept Pharmacology, University of North Carolina, School of Medicine. Chapel Hill, NC

ﬁarmaoology is Unique and Essential to Drug Discovery \

+ The Pharmacology / Med Chem Interface

+ Drug Discovery: State of the Art

.
\ « Tools of the Trade: Pharmacologic Assays
« Tools of the Trade: Biological Drug Targets

+ ‘Drugging’ Targets :The Art of Finding Molecules
’
« Applying the Tools: How do Drugs Work?

+ What is Drug Efficacy?

+ How Do Drugs Interact with Targets?
QVWO Testing and Drug Development /

91

91

ONLINE LIVE ACS Institute

Learn. Develop. Excel.

Pharmacology for Chemists

Learn the fundamentals of pharmacology to inform your work in the drug development industry,
whether you are collaborating with other scientists, managing projects, or moving into a new
area of research.

Register today at
bit.ly/3QD274T

46



6/5/2024

ACS

; ) www.acs.org/membership
W Chemistry for Life®

BECAUSE PEOPLE
LIKE YOU CREATE e S
GREAT CHEMISTRY Il W

380 Regular Members.
You belong here S160  resviar Members & sociey
pilioto s40 Recent Graduates* @

s80 Recent Graduates* €@

Premium

il benefits. The best option for

Standard Basic

wn set Introductory set of complimentary benefits

s55 Graduate Students

Have a Different Question? s25
Contact Membership Services

Undergraduate Students

s80 Retired

s0 Emeritus

Toll Free in the US: 1-800-333-9511
International: +1-614-447-3776

service@acs.org

95

95

ACS
W Chemistry for Life®

www.acs.org/acswebinars

@ ACS Webinars

CUCK + WATCH » LEARN = DISCUSS

Learn from the best and brightest minds in chemistry!
Hundreds of webinars on a wide range of topics relevant to

chemistry professionals at all stages of their careers, presented

by top experts in the chemical sciences and enterprise.

° Edited Recordings

~#——— are an exclusive benefit for ACS Members with the
Premium Package and can be accessed in the
Zi ACS Webinars® Library at www.acs.org/acswebinars

Live Broadcasts

of ACS Webinars® continue to be available free to
the general public several times a week generally
from 2-3pm ET. Visit www.acs.org/acswebinars to
register* for upcoming webinars.

= [
|
[LIVE ]

*Requires FREE ACS ID
96
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ACS
W Chemistry for Life®

www.acs.org/acswebinars

CLCK + WATCH - LEARN - DISCUSS

@ ACS Webinars

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.

Contact ACS Webinars® at acswebinars@acs.org

97

97

49


mailto:acswebinars@acs.org?subject=I%20have%20a%20question

	527906a19693eaee127348fad86701e850d302e8d41759d8d269bc6da75fc8ca.pdf
	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7: chemidp.acs.org/my-vitae
	Slide 8
	Slide 9: ACS Bridge Program
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15: ACS Advocacy
	Slide 16
	Slide 17
	Slide 18
	Slide 19: #ACSPIB is Back!
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24

	527906a19693eaee127348fad86701e850d302e8d41759d8d269bc6da75fc8ca.pdf
	527906a19693eaee127348fad86701e850d302e8d41759d8d269bc6da75fc8ca.pdf
	Slide 93
	Slide 94

	527906a19693eaee127348fad86701e850d302e8d41759d8d269bc6da75fc8ca.pdf
	527906a19693eaee127348fad86701e850d302e8d41759d8d269bc6da75fc8ca.pdf
	Slide 91
	Slide 92

	527906a19693eaee127348fad86701e850d302e8d41759d8d269bc6da75fc8ca.pdf
	Slide 95
	Slide 96
	Slide 97


