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Computational drug design usually targets 
binding pockets found in experimental structures 

http://www.slideshare.net/baoilleach/proteinligand-docking-13581869

Example: ligand docking



Problem: some drug targets don’t have 
appropriate binding pockets

• That is, in available experimental structures, either: 
– The drug target has no pockets with properties that 

would allow a drug-like molecule to bind 
– Binding of a drug to the available pockets wouldn’t have 

the desired effect (e.g., preventing a particular molecule 
from binding to that target in the cell) 

• These targets are sometimes called “undruggable”



Cryptic binding pockets to the rescue

• Experimental 
structures show that 
binding pockets often 
“open up” in the 
presence of an 
appropriate ligand 
– These are called 

“cryptic” binding 
pockets/sites 

• If we could discover 
more such sites, then 
more targets might 
become druggable
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The treatment of protein flexibility is a major challenge in
structure-based drug design (SBDD)[1, 2] as proteins are
dynamic and commonly undergo conformational changes to
bind ligands.[3–6] Consequently, binding sites may not be
apparent in experimental structures of the unliganded
protein. As a prototypical example, we focus here on the
polo-box domain (PBD) of polo-like kinase 1 (Plk1), a serine/
threonine kinase that is overexpressed in a wide range of
cancers,[7,8] and is a known anticancer target due to its critical
role in mitotic progression.[9] The PBD helps in subcellular
localization of the protein by binding to serine- or threonine-
phosphorylated sequences at a polar phosphopeptide binding
site (Figure 1a).[10,11]

Recently, a secondary hydrophobic binding site (Fig-
ure 1b) proximal to the primary phosphopeptide binding site
has been identified by two independent approaches.[12,13]

Crystal structures have revealed that this pocket can accom-
modate hydrophobic side-chains of several ligands in slightly
different binding modes, with a resulting increase in affin-
ity;[12–16] however, when ligands are not bound to it, the pocket
is closed. This cryptic pocket therefore presents a classic
problem in SBDD targeting a flexible protein surface. Here,
we show that although opening of the pocket is highly
unfavorable in the absence of a ligand, it is possible to identify
all of its known ligand-binding modes, as well as a novel mode,
by using a modified ligand-mapping technique. The previ-
ously unknown binding mode was used as a basis for the
design of a new ligand with similar affinity to others binding
this pocket. The predictions were validated by solving the
crystal structure of the bound complex.

The walls of the hydrophobic PBD secondary binding site
comprise Tyr417, Tyr421, Leu478, Tyr481 and Tyr485, with
Val415 and Phe482 lying at the bottom. Side-chain move-
ments of Tyr417 and Tyr481 allow for the accommodation of
a phenyl or other hydrophobic moiety. We first attempted to
generate a conformational ensemble of the hydrophobic
binding site by performing a 50 ns molecular dynamics (MD)
simulation of the unliganded protein in explicit water, using
the Amber ff99SB-ILDN force field.[17,18] This approach is
similar to the relaxed complex scheme successfully used in
other studies.[19–21] Root-mean-square deviation(RMSD)-
based clustering of the MD trajectory was performed to
compare the conformations of the binding site with those seen
before in various crystal structures. Four distinct closed
conformations of the site were identified, three of which are
also observed in crystal structures (Figure 2a–d).

In contrast, no conformations in which the key residue
Tyr481 is “open” (e.g. Figure 2 e,f) were seen during the
simulation. The high propensity of Tyr481 to adopt its closed
conformation was confirmed by a second simulation of the
unliganded PBD, starting from a crystal structure with the
pocket open, after removing the ligand (PDB code 3P37).

Figure 1. Binding pockets of Plk1 PBD as revealed by phosphopeptide
ligands. Residues of the hydrophobic binding site are shown in green
sticks and ligands in yellow sticks. Regions of negative, positive and
neutral electrostatic potential on the protein surface are red, blue and
white, respectively. a) Crystal structure of a phosphopeptide bound to
the positively charged phosphopeptide binding pocket (PDB code
1Q4K), with closed hydrophobic pocket. b) Crystal structure of a phos-
phopeptide bound to both binding pockets (PDB code 3P37), with
open hydrophobic pocket.
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Binding pocket opens up
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How can we discover unknown cryptic 
binding pockets?

• The papers we’ll cover on Thursday present 
several computational approaches to this problem: 
– Molecular dynamics (MD) simulations 

• With a generic “probe” ligand present OR 
• Without a “probe” ligand but using Markov State Models to 

probe longer timescales 
– A machine learning approach based on analysis of 

known cryptic binding sites 
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Background material

• Ligand docking slides from CS/CME/BioE/
Biophys/BMI 279: 
– http://web.stanford.edu/class/cs279/lectures/

lecture13.pdf

6



7

https://en.wikipedia.org/wiki/Crypt


