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Historical Peptide Drugs



Peptide Drugs ïPros and Cons

ÅHigh efficacy

ÅHigh selectivity

ÅLittle off-target binding

ÅLower systemic toxicity, well tolerated 

functional groups

ÅMinimization of drug-drug interactions

ÅOften very potent

Advantages

ÅLow oral bioavailability

ÅParenteral administration required

ÅShort half-life

ÅRestricted to targets that face the plasma

ÅSolubility/formulation/stability challenges

ÅRisk of immunogenicity

Disadvantages



Peptide Drugs

Key Classes of Synthetic Peptide Drugs

ÅMore than 200 peptide drugs and homologous compounds (proteins and antibodies) are 

now on the market

Å>60 therapeutic peptides produced by chemical synthesis

Å~20 peptides derived from natural products

Å>80 proteins and ~40 antibodies produced by recombinant DNA technology, 

enzymatic synthesis, é

ÅUsed in a wide range of diseases: diabetes, obesity, cancer, hypertension, inflammation, 

neurodegenerative diseases, cardiovascular diseases, allergy and asthma,é

P. Vlieghe et al. Drug Discovery Today 2010, 15, 40

Source: ChEMBL-og



Peptide Drugs: Chemical Diversity

Chemical diversity of peptide drugs produced by chemical synthesis



Peptide Drugs: Property Space
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Peptide Drugs: Property Space
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Å>75% therapeutic peptides are >1000 Da

Å>60% therapeutic peptides are óhydrophilicô

Peptide drugs clearly fall outside 

Lipinski͇s ROF space



Peptide Drugs: Property Space
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Component Amino Acids - RECAP

Thymalfasin

X.Q. Lewell, D.B. Judd, S.P. Watson & M.M. Hann J Chem Inf Comp Sci 1998, 38, 511

ÅRECAP = Retrosynthetic Combinatorial Analysis Procedure

ÅTechnique for identifying molecular fragments ïe.g. amino acids

N E A V K L T I SD

ÅPeptides properties can be roughly estimated based on their constituent amino acids



35

F
re

q
u
e
n
c
y

AA_ID

80

20

30

40

0

Amino Acid Composition of Peptide Drugs

60

70

50

10

45472024 28725 6863575234 31126044 72

L

G

S

RK

E

T A
P

QD
F

NY

V

C
H

W

I

M

Å86% are natural amino acids

Å14% are unnatural amino acids

e.g.

L-norvaline

L-pyroglutamic acid

D-naphtylalanine

ÅUnnatural amino acids used to

Ålimit conformational flexibility

Åenhance enzymatic stability

Åimprove PK properties

ÅIP position

76 distinct amino acids 

in peptide drugs



Amino Acid Property Space of Peptide Drugs
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ÅAmino acids in peptide drugs are

Årelatively small

Åmostly hydrophilic 

Avg_MW å 155 Da

Avg_LogP å -0.33



Bioactive Peptides in ChEMBL



Bioactive Peptides in ChEMBL

Target Space of Bioactive Peptides

Å>40,000 peptides in ChEMBL_07 

Å14,400 distinct compounds containing peptide bonds with a pActivity_Value > 4 against a 

protein target ïbioactive peptides

ÅActive against mainly:

ÅEnzymes: Proteases and Kinases

ÅMembrane Receptors: 7TM1



Targets for Bioactive Peptides in ChEMBL

Target Space of Bioactive Peptides
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6% of common ChEMBL targets show strong preference mostly for peptide ligands

e.g.

ÅRibonucleotide reductase

ÅSomatostatin receptors

ÅCalpain

ÅCoagulation factors

ÅMelanocortin receptors

386 targets

ÅSerotonin receptors

ÅPhosphodiesterases

ÅMuscarinic acetylcholine receptor

ÅDopamine receptors

Å...



Bioactive Peptides in ChEMBL: Property Space
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Peptide Drugs vs. ChEMBL Bioactive Peptides
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ÅPeptide drugs are significantly different to the peptides made by medicinal chemists

ÅDrugs are larger and more polar

ÅIndications of a different rule-set for optimisation of peptides

Å>80% therapeutic peptides are <1000 Da

Å~80% therapeutic peptides are ólipophilicô

ChEMBL Bioactive Peptides

Å>75% therapeutic peptides are >1000 Da

Å>60% therapeutic peptides are óhydrophilicô

Peptide Drugs
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ÅAmino acids in bioactive peptides are

Årelatively larger (Avg_MW å 240 Da)

and 

Åmore lipophilic (Avg_LogP å 0.59)

than the amino acids in peptide drugs

Amino Acid Property Space of ChEMBL Bioactive Peptides
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Natural vs. Unnatural Amino Acids

ÅMultiDimensional Scaling (MDS) based 

on physchem properties such as:

ÅMW, HBD, HBA, PSA, LogP, é 

Small
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Natural vs. Unnatural Amino Acids

ÅMultiDimensional Scaling (MDS) based 

on physchem properties such as:

ÅMW, HBD, HBA, PSA, LogP, é 

ÅGreatly expanded chemical space for 

unnatural amino acids

Small



Peptide Ligand Efficiency



Bioactive Peptides vs. Small Molecules: Potency

Ro5 

space

MW

-10

-5

0

5

10

15

100 200 300 400 500 600 700 800 900 1000

Small Molecules in ChEMBL

L
o
g
P



Bioactive Peptides vs. Small Molecules: Potency
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Bioactive Peptides: Potency vs. Size  

ÅPoor correlation between peptideôs potency and its molecular weight!

ÅLong peptides are not necessarily more potent
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