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So how do we cure diseases?

PROTEINS



Not all proteins can bind drugs...

~10% human 
genome is involved 
in diseases

Hopkins & Groom, Nat. Rev. Drug. Disc. 2002

~20% - 50% of 
human genes 
involved in diseases 
code proteins 
targeted by drugs

So what does a protein need to be considered a drug target?

Human Genome: ~30000

Druggable 
Genome:

~3000

Drug
Targets:

~600-1500

Genes 
involved

in diseases:
~3000



Binding pockets

● Volume
● Hydrophobicity
● Enclosure
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Binding pockets

Inhibitor SKF
Volume = 258 Å3

Ki= 580 nM
Pocket Volume: 304 Å3

Inhibitor F83
Volume = 422 Å3

Ki= 63 nM

Pocket Volume: 545 Å3
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Cryptic Binding pockets

NH
3
+C=O

NOT DETECTED EXPERIMENTALLY 
IN THE ABSENCE OF A LIGAND
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Molecular Dynamics

Structure
(Initial positions 
and velocities)

Topology
(connectivity 

between atoms)

Force field
(Energy 
function)

Compute forces

Apply forces

Update Positions
And velocities+U(CV) Additional energy term

Additional Forces:
Biased Dynamics

SPEED UP
RARE EVENT

SAMPLING
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Can JEDI distinguish protein 
conformations?

Pocket Small

LIGAND SKF (580nM)

JEDI 7.3

Pocket Big

LIGAND F83 (63 nM)

JEDI 9.8

Higher
Druggability

Lower
Druggability
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JEDI

Big Pocket (liganded)

Small Pocket (liganded)

Big Pocket (unliganded)

Small Pocket (unliganded)

Sampling of protein conformations in 
microsecond scale MD

C=O

C=O

NH
3

+

NH
3
+



How do we sample different 
conformations?

IS THE DARK SIDE STRONGER?

NO, NO, NO. EASIER, QUICKER, 
MORE SEDUCTIVE.
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Clustering Algorithms
● Density Peaks
● Distance binning
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Results: sampling of Lys57 hydrogen bond

● 8 iterations
● 5 x 5 ns trajectories 
● Total = 200 ns
● SITH on Lys57 torsions
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Conclusions

● Part 1: Druggability of cryptic protein pockets
● Exploring druggability could help design drugs for targets 

currently considered undruggable or improve the efficacy of 
treating known targets

● Part 2: The JEDI approach
● JEDI is able to distinguish different protein conformations 

in rigid structures, but the scoring needs to be fixed to 
work in long MD simulations

● Part 3: The SITH sampling protocol
● The SITH protocol helps generate different conformations and 

sample the target structure, but the clustering function needs to 
be optimised in order to identify it as a cluster center.
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