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Highly polar zwitterions
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Amino Acids

There are 20 common amino acids - 15 Neutral
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Amino Acids

Acidic and Basic
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Peptides - Proteins

Polymers of Amino Acids
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Peptide Bonds

Amide is the main bond - but can have disulfide 
bonds
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Disulfide in Vasopressin

Vasopressin - antidiuretic hormone from pituitary

Cys
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Peptide - Protein Structure

Primary Structure - amino acid sequence

Secondary Structure - orientation of segments
alpha-helix, beta sheets, loops

Tertiary Structure - overall shape of the molecule

Quaternary Structure - overal structure of protein 
aggregates
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Alpha - Helix

A helical secondary structure from keratin
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Beta Sheets

Beta sheet secondary structure from Silk fibroin
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Hemoglobin

Globular protein with 574 amino acid residues
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Types of Proteins
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Enzymes

Proteins which act as catalysts for chemical 
reactions.
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Citrate Synthase

A dimeric protein that catalyzes an Aldol Reaction
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Citrate Synthase Mechanism
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Matrix Metalloproteinases (MMPs)

Proteolytic enzymes responsible for extracellular 
tissue remodelling

Over 24 MMPs identified

Highly Regulated

Abnormal Levels in Disease States

Alzheimers, Arthritis, Multiple Sclerosis, Cancer 
Growth and Metastasis, Stroke

Matrix Metalloproteinases
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Catalytic Site of MMP-1

Zn2+S1S2S3 S3'S2'S1'

N
H

O

Ile Ala GlyGlyGlnPro

Cleavage site

P1P2P3 P3'P2'P1'

Catalytic Site of MMP-1 with natural collagen substrate
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MMP Structural Features

MMP-2 
(Gelatinase A) 
catalytic domain
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MMP Inhibition - Hydroxamic Acid SAR

H
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ORα

R1

Zn binding 
group
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R2

Rα:  P1 group - not necessary for 
activity, but substitution can lead to 
increased activity of some MMP's.

R1:  P1' group - critical for activity and 
selectivity.  Small groups selective for MMP-
1, larger groups will increase selectivity of 
other MMP's over MMP-1 and MMP-7.

R2:  P2' group - wide range of substitution 
tolerated with aromatic groups preferred.  
More bulky groups increase oral 
bioavailability by decreasing amide bond 
scission.

R3:  P3' group - 
functionality widely 
tolerated.  Aromatic 
groups increase 
MMP-3 selectivity.
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MMP-3 
(Stromelysin 1) 

Hydroxamate Bound to MMP-3
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MMP-3 
(Stromelysin 1)

Sulfonamide Bound to MMP-3
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New Zinc-Binding Motif

Zn binding 
group

Rα:  P1 site - not necessary for activity, 
but substitution can lead to increased 
activity of some MMP's.

R1:  P1' site - critical for activity and 
selectivity.  Small groups selective for 
MMP-1, larger groups will increase selectivity 
of other MMP's over MMP-1 and MMP-7.

R2:  P2' site - wide range of substitution 
tolerated with aromatic groups preferred.  
More bulky groups increase oral 
bioavailability by decreasing amide bond 
scission.

R3:  P3' site - 
functionality widely 
tolerated.  Aromatic 
groups increase 
MMP-3 selectivity.
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Proof of Principle - Minimal Structures
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Inhibition of MMPs with Oxazolines

Biological Evaluation of Oxazolines Against MMP 9 & 1

6.5 530 65 46

8.5 32 68.5 NA

9.3 NA 429 NA 816 NA

22.5 374 495 NA NA NA

24 NA 2511 NA NA

32 2679 NA NA

33 345 NA NA 447 NA

40 NA NA NA NA
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Lead Structures

Inhibition of MMP-91/Ki (μM)
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Improve the binding
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Histone Deacetylase
and its  Inhibitors

C e n t e r  f o r  P ro t e a s e  Re s e a rc h
N o rt h  D a ko t a  S t a t e  U n i ve rs i t y

Re c e n t  Re v i e w s

M a r k s ,  e t .  a l .  N a t u r e  R e v i e w s  C a n c e r  2 0 0 1 ,  1 9 4 .
J o h n s t o n e  N a t u r e  R e v i e w s  D r u g  D i s c o v e r y  2 0 0 2 ,  2 8 7 .
V a n  E m e l e n ,  e t .  a l .  C u r r e n t  M e d .  C h e m .  2 0 0 3 ,  2 3 4 3 .

M i l l e r,  e t .  a l .  J .  M e d .  C h e m  2 0 0 3 ,  2 3 4 3 .
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NH3 HN

HAT

HDAC
histone histone

O

Role of Histone Acetylation 
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Role of Histone Acetylation in Cancer

Regulation of Gene Expression

Disruption of normal HAT/HDAC expression a key 
event in the onset and progression of cancer

HDAC inhibitors have been found to reactivate gene 
epression and inhibit growth and survival of tumor 
cells.
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HDAC Structure

F i n n i n ,  e t .  a l .  N a t u r e  1 9 9 9 ,  4 0 1 ,  1 8 8 .

HDAC Like Homolog

35.2% sequence homology 
with human HDAC1

Active site homology
much higher
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HDAC Mechanism

Metalloprotease and Serine Protease like
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TSA and SAHA - Hydroxamic Acids
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Trichostatin A
TSA

Suberoylanilide 
Hydroxamic Acid
SAHAIC50 12 nm
IC50 165 nm
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SAHA and HDAC Homolog



33

TSA and HDAC Homolog
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Three parts to an HDAC inhibitor
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HDAC Chamber


