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Textbook of Drug Design and Discovery, Third Edition,

by Povl Krogsgaard-Larsen, published by Oxford
University Press

Computational Medicinal Chemistry for Drug Discovery,
by Patrick Bultinck, et. al, published by Marcel Dekker,
2003

Molecular Modeling for Beginners, by Alan Hinchliffe,
published by John Wiley and Sons, 2002
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Course Outline

Introduction and Case Study

Drugs

— Combinatorial library
— Pharmacophore

— De novo Drug Design
— QSAR

Molecular Docking

Drug Targets
— Sequence analysis

— Protein structure prediction
 Homology modeling
* Model Evaluations
« structural/functional databases of proteins

— Molecular simulation


演示者
演示文稿备注
介绍一些关于蛋白质结构、分类或者结构/功能关系的数据库资源。
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What is a drug?

* Defined composition with a
pharmacological effect

* Approved by the Food and Drug
Administration (FDA)

 Most drugs are small molecules, and
the Interactions they make with
proteins determine their effects, side
effects and toxicity, to the human
body



U.5. Department of Health and Human Services

Ato Z Index Follow FDA En Espafiol

ID /Q U.S. Food and Drug Administration
r =Y Protecting and Promoting Your Health Search FDA

Home || Food | Drugs Medical Devices | Radiation-Emitting Products | Vaccines, Blood & Biologics | Animal & Veterinary | Cosmetics | Tobacco Products

Drugs =

Home 2» Drugs

Spotlight

+ Find Information about a Drug
+ Search Drugs@FDA

+ (range Book Search

« Mational Drug Code Directory
« [rug Shortages

Recalls & Alerts

Updated warning of broken bones with some diabetes drugs

+« Drug Recalls

« [MedWatch: The FDA Safety
Information and Adverse Event
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Sources of Drugs

e Small Molecules

— Natural products

o fermentation broths(/z B %)
« plant extracts
« animal fluids (e.g., snake venomsit &)

— Synthetic Medicinal Chemicals
» Project medicinal chemistry derived
e Combinatorial chemistry derived

* Biologicals
— Natural products (isolation)

— Recombinant products
— Chimeric or novel recombinant products



Drug Discovery and Drug

Development

e Drug Discovery

— Concept, mechanism, assay, screening, hit
identification, lead demonstration, lead
optimization

— In Vivo proof of concept in animals and
concomitant demonstration of a therapeutic index

(=LD50 / ED50, 577 fa £ ="FE Bt &/ A W E)
e Drug Development

— Begins when the decision is made to put a
molecule into phase | clinical trials



演示者
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Hit苗头化合物，有效成分


Flow of Drug Development
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Drug Discovery Today 7: 315-323 (2002)



Drug Discovery Processes

Physiological
Hypothesis

Molecular
Biological
Hypothesis
(Genomics)

v

Chemical
Hypothesis

Primary Assays
Biochemical
Cellular
Pharmacological
Physiological

+

Sources of Molecules
Natural Products
Synthetic Chemicals
Combichem
Biologicals

I

Screening

Initial Hit
Compounds




Drug Discovery Processes - ||

Initial Hit
Compounds

Secondary
Evaluation
- Mechanism
Of Action
- Dose Response

||

Initial Synthetic
Evaluation

- analytics

- first analogs

v

Hit to Lead
Chemistry
- physical
properties
-in vitro
metabolism

l

First In Vivo
Tests

- PK, efficacy,
toxicity
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Drug Discovery Processes - Il

Lead Optimization

Potency

Selectivity Pharmacology

Physical Properties _ [Multiple In Vivo Development
PR Models ——— Candidate
Metabolism _ _

Oral Bioavailability | * Chronic Dosing (and Backups)
Synthetic Ease Preliminary Tox

Scalability




Issues In Drug Discovery

Hits and Leads - Is it a “Druggable” target?
Resistance

Pharmacodynamics %345
Pharmacokinetics 2541515l 7] 2
Delivery - oral and otherwise

Metabolism

Solubility, toxicity

Patentability



Issues In Drug Discovery
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Drug Discovery Disciplines

Medicine
Physiology/pathology
Pharmacology
Molecular/cellular biology
Automation/robotics

Medicinal, analytical,and combinatorial
chemistry

Structural and computational chemistry
Bioinformatics



Successful drug developments

e HIV-1 Protease Inhibitors in the market:

— Inverase (Hoffman-LaRoche, 1995)
— Norvir (Abbot, 1996)

— Crixivan (Merck, 1996) “_LL_J"'/ — .
— Viracept (Agouron, 1997) , ool
Ny o=

Chiral s '-!'ﬁu..‘ m
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Costs of drug discovery and
development

 The time from conception to approval
of a new drug is typically 10-15 years

* The vast majority of molecules fail

. along the way

>1,000 “hits”  The estimated cost to bring to market
a successful drug is now $800

%“Ieads”\ million!! (Dimasi, 2000)
~ 6 drug candidates — ] drUg

preclinical clinical Phase I = 1l

"> 10,000,000 compounds

10-15 years

e $300 to >$800 million



Costs In the Drug
Discovery Pipeline

Clinical trials

US$ 467 million

« Clinical trials are most expensive part of the
pipeline — if failure can be predicted before this
point, it saves time and money



Why we need computers?
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CADD In various stages of
drug discovery

CADD

Disease-related Target Lead Lead Preclinical
Genomics dentification Discovery Uptimization Tests

1]

1} 1}

+ Bioinformatics  + Target * Library design . QSAR + In silico ADMET
Reverse docking druggability . pocking scoring . 3D.QSAR prediction

. Protein structure ° 100l - De novo design . structure- * Physiologically-based
prediction compound | Pharmacophore bazed harmacokinetic

design - Tarmat flavikilitu optimization PBPK) simulations



A Little History of Computer
Aided Drug Design

» 1960’s - Viz - review the target - drug interaction

 1980°s- Automation - high throughput target/drug selection

 1980’s- Databases (information technology) - combinatorial
libraries

» 1980’s- Fast computers - docking

» 1990’s- Fast computers - genome assembly - genomic based
target selection

 2000’s- Vast information handling - pharmacogenomics



Drug Targets

 Proteins

Biomacromolecules
—Receptor

that can interact
—enzyme with drug molecule
—jon channel  and generate

 Nucleic acig  Physiological effect

 Therapeutic Target Database (TTD)
http://bidd.nus.edu.sg/group/ttd/ttd.asp


演示者
演示文稿备注
A database to provide information about the known and explored therapeutic protein and nucleic acid targets, the targeted disease, pathway information and the corresponding drugs directed at each of these targets. 
	Also included in this database are links to relevant databases containing information about target function, sequence, 3D structure, ligand binding properties, enzyme nomenclature and drug structure, therapeutic class, clinical development status.
A database to provide information about the known and explored therapeutic protein and nucleic acid targets, the targeted disease, pathway information and the corresponding drugs directed at each of these targets. 
	Also included in this database are links to relevant databases containing information about target function, sequence, 3D structure, ligand binding properties, enzyme nomenclature and drug structure, therapeutic class, clinical development status.
A database to provide information about the known and explored therapeutic protein and nucleic acid targets, the targeted disease, pathway information and the corresponding drugs directed at each of these targets. 
	Also included in this database are links to relevant databases containing information about target function, sequence, 3D structure, ligand binding properties, enzyme nomenclature and drug structure, therapeutic class, clinical development status.



Therapeutic Target Database (TTD)

Biolnfo & Drug Design - | Databases v

m Target Similarity Search |Drug Similarity Search

Search Whole Database
Search drugs and targets by disease or ICD identifier: [CD2 Index [CT 0 Index

| | | Search I Reset |
Examples: Alzheimer: 331 or ICD9:331; G30 or ICD10:G30; ...

Search for drugs:

| | Search I Reset |
Examples: Oseltamivir; Alzhetmer's disease;

Search for targets:




Therapeutic Target Database (TTD)




Therapeutic Target Database (TTD)




Drugs and targets

One drug on one target

Multi target agents

— One drug on multiple target

— Side effects

— Serendipity in Drug Discovery

Drug combinations

— Complexed biological metabolism

— Interference between drugs

— Cock tail to overcome Drug resistance

Nature derived drugs, traditional medicine



Serendipity in Drug Discovery

o Surprised effect of one drug designed for

other proposes

— Tamoxifen (birth control and breast cancer)

— Viagra (hypertension = Ifi./ £ and erectile
dysfunction ZI AL I RE[E1S)

— Salvarsan (Sleeping sickness and syphilis fi&
Vi)

— Interferon-a (hairy cell leukemia 2 E4HjiEF
Mm% and Hepatitis CA )
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Cocktall therapy of AIDS

HIV RT inhibitor )

HIV Protease inhibitor

HIV Integrase inhibitor -/

Cocktail Tvpes

>

Cocktail therapeutics

Drug resistance >

=

> AIDS

New anti-HIV inhibitor



Types of Drug Combinations

Pharmacodynamically

. S i edue to anti-counteractive actions
YNErgistc .que to complementary actions
(Jm\ Iﬁj ) L edue to facilitating actions

« Additive (ZJI)

« Antagonistic (HiPL )
 Potentiative (%)
« Reductive (F&%50)




gx50 - an example of
computer aided drug design



The screening 254 RE Ui

DMXBA( D/é 1) is used /Similarity SBRKE d Tlaxgble alignment\
as a tempfate molecule are conducC :
hom QB ode dont matghy/ e tek plate
alpha % din [ Lipmski’s rule of five andthe poacule
th screenln volume to exclude those +qU lafgg offe
\_ polarity )

Ruo-Xu Gu et. al. Medicinal Chemistry, 2009



gx-50 — The Best molecule
found In TCM Database

DMXBA(GTS-21) gx-50

OMe /O o
=

N-(2-(3,4-DIMETHOXYPHENYL)ETHYL)-3-
PHENYLACRYLAMIDE

A molecule from Prlcklyash Peel
(Sichuan pepper)

Ruo-Xu Gu et. al. Medicinal Chemistry, 2009
Maoping Tang et.al., Journal of Alzheimer’s Disease 2013




Optimization and Modification of gx-50

@)
MeO:©/R1\ )‘\/\©
N
MeO
Original R1: -CH2-CH2-

Modified R1: (1) -CH2- ; (2) -(CH2)3- ; (3) -(CH2)4- ; (4) -CH(CH3)CH2- :
(5) -CH2CH(CH3)- ; (6) -C(CH3)=CH- ; (7) -CH=C(CH3)-

MeOD/\/N\n/\/RB
MeO R2
Original: R2=0, and R3=©

Modified:
(8) R2=0, ra=(_)", (9) R2=0, R3= Q;(m) R2=0, R3= Q;

(11) R2=0, R3z© ".(12) R2=S, R3= ©

Ruo-Xu Gu et. al. Medicinal Chemistry, 2009
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AP depolymerization-
Atomic Force Microscope (AFM)

AR
EThame

Maoping Tang et.al., Journal of Alzheimer’s Disease 2013



Destabilization of Alzheimer’'s A342 Protofibrils
with Wgx-50 by Molecular Dynamics Simulations

Huaimeng Fan et. al. JPCB 2015 Fibril axis
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