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Binding Site Prediction

Possible predictions:
« Set of atoms/residues
« Surface
* Volume

Sequence

STAGKVIKCKAAVLWEEKKPFSIEEVEVAPPKAHEVRIKMY ATGICRSDD,
HVVSGTLVTPLPVIAGHEAAGI VESIGEGVTT VRPGDKVIPLFTPQUGKC

RVCKHPEGNFCLI SRFTCRGKPIHHFLGTSTFSQYT
VVDEISVAKIDAASPLEKVCLIGCGFSTGYGS AVKY AK VT QGSTCAVFGL
GGVGLS AKE

EVIGRLDTMVT ALSCCQEAYG s
LSMNPMLLLSGRTWKGAIFGGFKSKDS VPKLVADFMAKKFALDPLITHVL
PFEKINEGFDLLRSGESIRTILTF
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Possible predictions:
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Binding Site Prediction Methods

Homology-based methods
 Alignment with known sites
» Conservation

Sequence-based methods
 Motifs

Structure-based methods
* Geometric
e Chemical

Hybrid methods
* Machine learning

Binding Site Prediction

Possible predictions:
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* Surf
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Binding Site Prediction Methods

Homology-based methods
« Alignment with known sites
« Conservation

Sequence-based methods
« Motifs

Structure-based methods
Geometric <
* Chemical

Hybrid methods
« Machine learning
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Geometric Methods

Find residues/surfaces/volumes inside large cavities
* LIGSITE
« PocketPicker
« Travel Depth
« Mathmatical morphology
« Alpha shapes
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Geometric Methods

Find residues/surfaces/volumes inside large cavities
LIGSITE
« PocketPicker
« Travel Depth
« Mathmatical morphology
« Alpha shapes

* Surfnet
* PASS
* PocketFinder
* etc.
Binding Surface Binding Volume
Prediction Prediction
[Coleman06] [An04]
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Traverse X, Y, Z + 4 cubic diagonal vectors over grid,
adding 1 to each grid point lying in region between protein atoms.
Scores range from 0 (completely open) to 7 (tightly buried or cavity)
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Traverse X, Y, Z + 4 cubic diagonal vectors over grid,
adding 1 to each grid point lying in region between protein atoms.
Scores range from 0 (completely open) to 7 (tightly buried or cavity)
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« Surfnet
* PASS
« PocketFinder
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Traverse X, Y, Z + 4 cubic diagonal vectors over grid,
adding 1 to each grid point lying in region between protein atoms.
Scores range from 0 (completely open) to 7 (tightly buried or cavity)
[Hendlich97] )
-
/\" %  DY%Y%) /" /]' XX
Pa % ANV
/‘ /J Ve /]
NN Ny
% /|
/a 7
/|
/N Z N
/| /|
vaN% |/v
d /|
A\ aN
AN ‘ N
A a2
NN /‘ /| /‘
ANAVVAVANV4 v AN7a\’4
Metaphorics




s

LIGSITE R

spheres for: ada / 1-deaza-adenosine (1add)

Spheres colored by LIGSITE score
(red > orange > magenta > green > blue)

Metaphorics )
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PocketPicker

Buriedness index
« At every grid cell within some distance from protein
surface

[Weisel07] )
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PocketPicker

Buriedness index
« At every grid cell within some distance from protein
surface, sample 30 directions, and count how many
sample directions find a protein atom within radius 10A
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Geometric Methods

Find residues/surfaces/volumes inside large cavities
* LIGSITE
PocketPicker
« Travel Depth
« Mathmatical morphology
« Alpha shapes
« Surfnet
* PASS
« PocketFinder
. etc.
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PocketPicker

Buriedness index
« At every grid cell within some distance from protein
surface, sample 30 directions

Search
Directions Weisel07] )
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PocketPicker

Buriedness index
« At every grid cell within some distance from protein
surface, sample 30 directions, and count how many
sample directions find a protein atom within radius 10A

Site prediction
« Cluster grid positions
with buriedness indices
between 16 and 26
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Travel Depth

Definition:
« Distance from point on protein surface to convex hull
through solvent

[Coleman06]
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Travel Depth

Distributions of travel depths:
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Average Travel Depth of Binding Site

12 14

4 6 3 10
Average Travel Depth of Protein Surface
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Find residues/surfaces/volumes inside large cavities
* LIGSITE
« PocketPicker
Travel Depth
« Mathmatical morphology
« Alpha shapes
« Surfnet
* PASS
« PocketFinder
« etc.

Ve

Travel Depth

Distributions of travel depths:
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Travel Depth

Correlation with buried area:

[Coleman06]
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Travel Depth

Results:

Coleman(¢ 1)
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Mathematical Morphology

Basic operators

Dilate
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Mathematical Morphology

Finding cavities
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Exterior

Portion in contact with cavity
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Geometric Methods

Find residues/surfaces/volumes inside large cavities
* LIGSITE
« PocketPicker
« Travel Depth
Mathmatical morphology
« Alpha shapes
« Surfnet
*« PASS
« PocketFinder
. etc.
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Mathematical Morphology

Finding cavities

/§4 Acce/ssible Exterior
/‘( ) / Contact/ van der Waals

van der Waals
;
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Geometric Methods

Find residues/surfaces/volumes inside large cavities
* LIGSITE
« PocketPicker
« Travel Depth
« Mathmatical morphology
Alpha shapes
« Surfnet
* PASS
« PocketFinder
 etc.
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Alpha Shapes

Aim to provide rigorous method for finding ...
 Void — completely surrounded
« Pocket — connected to outside through bottleneck
« Depression — connected to outside, without bottleneck

void pocket  Depression

Ve

Alpha Shapes

[Liang98] )
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Alpha Shapes

Different values of alpha (radius of expansion
around atom positions) define different subsets of

the complex (the alpha shape)
¥

Atom positions define a Delaunay triangulation and
Voronoi complex i i g

[Liang98] )
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Alpha Shapes

[Liang98]
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Geometric Methods

Find residues/surfaces/volumes inside large cavities
* LIGSITE
« PocketPicker
« Travel Depth
* Mathmatical morphology
 Alpha shapes
Surfnet
* PASS
» PocketFinder
- etc.

Analysis of triangles in alpha shape provides way to
find sizes of bottlenecks and to distinguish pockets
from depressions

[Liang98]
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Surfnet

http://www.biochem.ucl.ac.uk/~roman/surfnet/surfnet.html [Laskowski95] /
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http://www.biochem.ucl.ac.uk/~roman/surfnet/surfnet.html [Laskowski95] /
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Surfnet Surfnet
Gap-regions (purple) in the surface (yellow) Qap-re gions (purple)
of aspartic protease endothiapepsin (3er5) in the surface (gray)
hitp://www.biochem.ucl.ac.uk/~roman/surfnet/surfnet.html [Laskowski9S] http://www.biochem.ucl.ac.uk/~roman/surfnet/surfnet.html [Laskowski95] /
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Surfnet Surfnet
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Geometric Methods PASS

Find residues/surfaces/volumes inside large cavities
« LIGSITE
« PocketPicker
« Travel Depth
* Mathmatical morphology

 Alpha shapes 5

« Surfnet g
PASS H

» PocketFinder

. etc.

Active Site Points (ASPs) Final Probes

J [Brady00] )
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Geometric Methods PocketFinder
Find residues/surfaces/volumes inside large cavities Steps:
* LIGSITE 1. Create grid potential map of van der Waals force field
« PocketPicker 2. Apply threshold to keep grid cells with high values
« Travel Depth 3. Eliminate small pockets (<100 A)
« Mathmatical morphology
« Alpha shapes o Ave  Bxe e
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PocketFinder PocketFinder
Steps: Steps:
1. Create grid potential map of van der W aals force field 1. Create grid potential map of van der W aals force field
2. Apply threshold to keep grid cells with high values 2. Apply threshold to keep grid cells with high values
3. Eliminate small pockets (<100 A) 3. Eliminate small pockets (<100 A)
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PocketFinder V

Biotin-streptavidin binding site predicted with PocketFinder

[An04]
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PocketFinder

Two largest
predicted envelopes
(1%:yellow, 2M: gray)
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