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No. of 
genes
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•399 targets (Ro5, >10�M)
•129 Druggable gene families
•13% human genome
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A ‘beautiful’ serine protease site:
Thrombin

(potent non-covalent Ro5 compounds)

An ‘ugly’ serine protease site:
CMV protease. 

Larger than Ro5 or reactive 
‘warheads’ required for potency
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2.7%2.7%

3.1%3.1%

6.5%6.5%

20.4%20.4%
rhodopsin-like GPCR

nuclear receptor

ligand-gated ion
channel
cytochrome p450

cytokine receptor, 
type 1
S1 serine proteinase

phosphodiesterase

rhodopsin-like
GPCR

Nuclear receptor

Na+/neurotransmitter
symporter

ligand-gated ion
channel

voltage-gated
Na+/Ca2+ channel

4.5%4.5%

6.7%6.7%

7.3%7.3% 11.1%11.1%

40.6%40.6%

5����"������"#�.��#���

15Human Targets of 
approved antibodies

59Targets of approved 
biologicals

170Human Targets of 
approved NCEs

238Human Targets of 
approved NMEs

301Targets of approved 
NMEs (Human and anti-
infectives) 

No. Molecular 
Targets

Class of Drug 
Target

Molecular Targets of Current Drugs

By Drug Substance By Target

•Orange book, 2005
•26,000 drugs products which 
reduces to 1783 unique new 
molecular entities
•of which 1415 are small molecule 
chemical entities
•180 are biological therapeutics
•18 of which are antibodies

Data: Derived from DrugStore database by John Overington, Inpharmatica Ltd



Enzymes- others
14%

Protein Kinases
11%

Peptide GPCRs
7%

Transferases
6%

Metalloproteases
6%

Oxidoreductases
6%GPCRs Class A- others

5%

Aminergic GPCRs
5%

Hydrolases
5%

Serine Proteases
4%

Ion Channels- Ligand Gated
4%

Nuclear hormone receptors
3%

Cysteine Proteases
2%

Ion Channels- others
2%

PDEs
2%

GPCRs Class C
1%

Aspartyl Proteases
1%

Kinases- others
1%

GPCRs Class B
1%

Others
15%

.��#��������������

587707Total

3042Transferases

2427Serine Proteases

6675Protein Kinases

4252Peptide GPCRs

1111PDEs

3739Oxidoreductases

79108Others

1922Nuclear hormone 
receptors

3941Metalloproteases

67Kinases- others

1214Ion Channels- others

2026Ion Channels- Ligand
Gated

2834Hydrolases

1010GPCRs Class C

25GPCRs Class B

3035GPCRs Class A- others

81102Enzymes- others

1416Cysteine Proteases

37Aspartyl Proteases

3434Aminergic GPCRs

Ro5

Non-
redundant 

human 
Targets <10uM

Non-
redundant 

human targets 
<10uM
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21%

15%

7%

6%5%3%

2%

1%

32%

GPCRs

Kinases

Proteases

Transporters

Ion Channels

Transferases

Other Enzymes

Phosphatases

Cytochrome P450

Nuclear Hormone Receptors

Phospholipases

Phosphodiesterases

Other Receptors

Cell Adhesion

Chemokines

Other/Unclassified

��"##��������� �������������

%2&&&Human Genome 

3505Predicted Druggbable Genome 
(high confidence)

3541Sequence homology to proteins 
predicted druggable by 
structure-based method

427Structured-based prediction

2325Feature-based druggability
sequence probability prediction

2921Sequence homology to targets 
with chemical leads*

587Targets of Ro5 chemical leads 
with activities (binding affinities 
<= 10uM)

707Targets of chemical leads with 
activities (binding affinities) 
below 10uM 

945Sequence homology to NCE 
drug targets 

170Targets of approved NCEs 

No. Molecular 
Targets

Druggability Prediction 
Method

Gene family distributions of predicted druggable genome 

GPCRs

Kinases

Proteases

Transporters

Ion Channels
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Druggable 
genome 

estimates 
increase slowly 
due to power 
law nature of 
gene family 
populations



1516 
genes 
(both)

1742 genes
(protein only)

1989 genes
(small mol. only)

��������.������"����
��������������� �

3258Total unique genes predicted to be 
accessible via protein therapeutics

1637Feature-based biological target 
sequence probability prediction

2287Unique, combined transmembrane
and secreted predictions (high 
confidence) 

1407Transmembrane predictions (low 
confidence)

973Transmembrane predictions (high 
confidence)

6560Secreted proteins (low confidence)

1384Secreted protein (high confidence)

59Targets of approved biologicals

15Targets of approved antibodies 

No. of 
Molecular 

targets

Druggability Prediction Method

Total number druggable  
by small molecule 
therapeutics 

= 3505 genes

Total number druggable by 
protein therapeutics 

= 3258 genes

1516 genes likely to encode proteins 
druggable by both small molecules and 

protein therapeutics
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6465 ~2400 ~145  160 170 578 3505

~320

1769
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*Zambrowicz & Sands, Nature Drug Disc. Rev. (2003), 2,38-51C



Mean MW per target (Da) for all active <10�M
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Peptide GPCRs

Nuclear hormone receptors

Aminergic GPCRs

Ion Channels –ligand gated

Protein Kinases

Serine Proteases
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“Not only are the market applications 
for disruptive technologies unknown
at the time of their development, 
they are unknowable.”
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First-in-Class (chemical)
New Targets
New Indications

+ ���������������#����������� �
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– Modern basis of understanding the 
classification of diseases (nosology) is 
300 years old

– Molecular and etiology-based nosology
is key reducing attrition due to lack of 
efficacy
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Barbási et al. Nature, (2000), 406, 378
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Lethal
Non-lethal

Slow growth
Unknown

./*��������������������+�����#��������
�������������+������������������������������
����������������������������������#����
�#�,���#���������������������������
�����������������������������������
������������

.������������������������+����+����������������
������������������������������������������#��
��#���������+�����������������

.0#��������+������������+���������������,�����
������#������������������������������������
���������������������������1��#�������2������
��������#�����������++�������������

.3���#��������#�����4�����������+��,�������
��������������������������������������������
�����������������������#�

.���������������+��#��������+������#����������4
.5������������#�����������������������������

.���������	���	��
��	�
���	�������
�
�����



8����"�����

+ G
�#�����"�������������E
, 7���#�����#�#��� ���������������� ���������� ������
���������������"��"�������)����������������
�  �������)��������)����������#���������������#�����
����������)�����"�������������"��������������#����* ���
��������������������"#���������)�����"������)

+ �������#�������#���
, ���*����������������������������)������������#�
������#�����������������#� ����������������������
�;���� ��������"#�������������� ������� ��������
�������#����������� ������.�4 ��
��*���������
��#�
����������"���)

+ ���)���� �����#)
, H�����
������#)��������������������#���������
�������#��#�����G�������#����������"#E�������# 

, 8� ������������;������������� �������"##�������������



��
������#� ����

I��� J�����#���6

(����� ��*����
���6

�������"����
I���)��������
������������

I��������5����
8��������� 7

65��������������� %��#��������
� �����
�89
75������������85�
�5���������89

/����4 �����,�#������:�+�!������


