Protein Binding Site Properties

Residue properties:
* Amino acid type
« Surface accessibility
« Conservation
« Charge
« Hydrophobicity
» Secondary structure type
« Flexibility / Destabilization
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Protein Binding Site Types Protein Binding Site Types

Site types: Site types:
* Protein-ligand @Protein-ligand
* Protein-protein « Protein-protein
* Protein-DNA « Protein-DNA
* etc. * etc.

Protein-Ligand Site Data Protein-Ligand Site Analysis

Databases derived from PDB: Example study: [Bartlett et al., 2002]
+ PDBLIG [Chalk04]
« Ligand Depot [Feng04]
* PLD [PuvanendrampillaiO3]
* MSDsite [Golovin05]
« Relibase [Hendlich98]
* etc.

Data set:
« X-ray structures from PDB
« 178 non-homologous proteins
« Catalytic residues

Residue properties:
« Amino acid type
« Secondary structure
Ligand * Solvent accessibility
« Flexibility
« Conservation
1hid  etc.

Databases derived from literature:
« Catalytic Site Atlas [Porter04]
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Protein-Ligand Site Analysis
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Protein-Ligand Site Analysis

Solvent accessibility
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Protein-Ligand Site Analysis

Hyd rOphObICIty Red = most hydrophobic
A Purple = |east hydrophobic
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Protein-Ligand Site Analysis

Amino acid type
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Protein-Ligand Site Analysis

Depth from surface
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Protein-Ligand Site Analysis
Hydrophobicity
CatalyticResidues  All Residues
Charged 65% 25%
Polar 27% 25%
Hydrophobic 8% 50%

% Catal ytic residues (as compared to dl residues)
in data set with 178 enzymes
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Protein-Ligand Site Analysis

Secondary structure type

Catalytic Residues All Residues
Alphahéelix 28% A7%
Beta sheet 22% 23%
Cail 50% 30%

% Catal ytic residues (as compared to al residues)
indataset with 178 enzymes
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Protein-Ligand Site Analysis

Conservation

‘Coneq predictions demonsireted on
humen bestrophin using 43 homologues.

obtained from
(SWISSPROT: VMD2_HUMAN)
(family code: DUF289)
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Protein-Ligand Site Analysis

Conservation
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Conservation
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Conservation
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Protein-Ligand Site Analysis
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Protein-Ligand Site Analysis

Conservation
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Protein-Ligand Site Analysis

Conservation

Residue Conservation ®

Distance from ligand ®
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Protein-Ligand Site Analysis

Flexibility
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Protein-Ligand Site Analysis

Contribution to stability

Electrostatic free energies for side-chains of residuesin CRABP.

(Positive valuesindi cate residues that destabilize protein)
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Protein-Ligand Site Analysis

Contribution to stability

Histogram showing the distribution of sequence entropy ranks for the top

10% most destabilizing charged residues in proteins of varying sizes.
[Elcock01] /

Contribution to stability Red = strongly destabilizing
White = near-zero effect.
Blue = strongly stabilizing

Yellow = hydrophobic
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Protein-Ligand Site Analysis

Residue properties:
* Amino acid type
« Surface accessibility
« Conservation
* Charge
« Hydrophobicity
« Secondary structure type
« Flexibility / Destabilization

Surface/volume properites:
 Cavity size
« Cavity depth
« Cavity shape
« Surface curvature
« Electrostatic potential

Others
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Protein-Ligand Site Analysis

Cavity size Ligand found inlargest dleft
. in~80% of proteins
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Protein-Ligand Site Analysis

Cavity volume
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Protein-Ligand Site Analysis

Active sites are usually found in surface cavities
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Protein-Ligand Site Analysis

Cavity volume

All surface cavities
» Drug-binding cavity
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Protein-Ligand Site Analysis

Cavity volume
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Protein-Ligand Site Analysis
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Protein-Ligand Site Analysis

Cavity surface curvature
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Protein-Ligand Site Analysis

Electrostatic potential
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Negative Positive

Acetyl choline esterase color coded by electrostatic potentia .
The negative charge in the pocket (red) corresponds to the positive charge on the ligand (acetyl choline)
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Protein-Ligand Site Analysis

Cavity surface area
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Protein-Ligand Site Analysis

Number of cavity openings
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Protein-Ligand Site Analysis

Electrostatic potential

S e x i e
Negative Positive

Acetyl choline esterase color coded by electrostatic potential .
The harge in the pocket (red) to the positive charge on the ligand (acetyl choline)
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Protein-Ligand Site Analysis
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Protein-Ligand Site Analysis
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Protein-Ligand Site Analysis

Distance from protein surface

Distance from ligand atom

Electrostatic potential:

Relative frequencies of pH range energies for
all and active site (AS) residues

[Bate04] J

Ve

Protein-Ligand Site Summary
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Protein Binding Site Types

Site types:
« Protein-ligand
@Protein-protein
* Protein-DNA
* etc.

Distributions of properties:

[Nayal06] Y,
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Protein-Protein Site Analysis

Example study: [Boas & Altman, 2000]
« 5.5x105 solvent accessible atoms in 4,800 chains
§ 1.2 x 105 are in protein-protein binding sites
§ 4.3 x 105 are non-binding sites
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Protein-Protein Site Analysis V Protein-Protein Site Analysis 9
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Protein-DNA Site Analysis V

Example study: [Jones et al., 2003]

Data set:
« 427 protein-DNA complexes

Properties:
« Accessible surface area
« Electrostatics
« Amino acid type
« Hydrophobicity
« Conservation

[Jonesﬁ]j
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Protein-DNA Site Analysis

Most distinctive properties
for DNA binding sites:
« Electrostatics
« Amino acid type

Residue properties:
* Amino acid type
« Surface accessibility
« Conservation
* Charge
« Hydrophobicity
« Secondary structure type
* Flexibility / Destabilization

Surface/volume properties:
« Cavity size
« Cavity depth
« Cavity shape
« Surface curvature
« Electrostatic potential

Others

Different properties are favored
for different type of binding sites

1mjo [Jones03] )
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