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Introduction Q

Virtual screening:
» Given a protein and a database of ligands,
use scores (produced by a docking tool) to determine
which ligands are most likely to bind
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How Good Are Docking Programs?gg

Questions:
Docking accuracy?
» Computation speed?
* Binding affinity prediction accuracy?
* Screening accuracy?

Introduction

Protein-ligand docking:

« Given a protein and a ligand,
determine the pose(s) and conformation(s)
minimizing the total energy of the protein-ligand complex

http://www.molsoft.com/ /

Ve

.
How Good Are Docking Programs?&

Questions:
« Docking accuracy?
* Screening accuracy?
« Binding affinity prediction accuracy?
« Computation speed?

[Kellenberger04] Docking Study

8 Docking Programs:
¢ FRED (multiple conformers)
* DOCK (incremental construction)
» FLEXX (incremental construction)
« SLIDE (incremental construction)
* SURFLEX (incremental construction)
¢ GLIDE (Monte Carlo simulated annealing)
* QXP (Monte Carlo simulated annealing)
* GOLD (genetic algorithm)
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100 Protein-Ligand Complexes:
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Docking accuracy:

For Ligand Ranked First (top pose)
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100 Protein-Ligand Complexes:
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Docking accuracy:
For Ligand with Closest RMSD (best pose)
A.
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Docking accuracy:
A
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Docking accuracy:
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Docking accuracy:

Only 5 most flexible ligands
(>25 rotatable bonds)
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~
Docking accuracy:

% where pose <2A RMSD considered, but not scored first
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Docking accuracy:
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Docking accuracy:

10 [
8

5 Hydrophobic
. Ligands
PR ] T
Ve g ‘
g}g 5 HHIIF || Medium
7* :n | 11
L]
5
4
3
2
1
0

f | \ Polar
allo [llal] ) =

e e e e e

SURFLEX GOLD GLIDE FLEXX DOCK FRED

Vs

-
How Good Are Docking Programs?;&

Questions:
« Docking accuracy?
Computation speed?
« Binding affinity prediction accuracy?
 Screening accuracy?
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Computation time (seconds): Questions:
« Docking accuracy?
Program Average® Minimum" Maximum® » Computation speed?
FRED! 18 0.1 193 Binding affinity prediction accuracy?
DOCK 46 1 667 « Screening accuracy?
FLEXX 67 2 595
QXP 108 37 378
SLIDE 118 1 1743
SURFLEX 135 9 1460
GOLD 137 55 479
GLIDE 234 9 2825
J J
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Compare predicted and measured binding energies
Empirical methods: GOLD calculated log K, vs. Experimental log K
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DOCK calculated log K, vs. experimental log K, ChemScore calculated log K vs. experimental log K
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Figure 5. PMF calculated log K vs. experimental log K Figure 6. BLEEP calculated log K, vs. Experimental log K
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Data set:
Table 1. Correlations Between Experimental and Calculated log K, Values Given by Five Scoring Functions. . . .
Dot Noor BIEEP PME_ GOLD  DOCK ChemSeare * 800 proteln-llgan_d c_omple_xgg from PDB (PDBBind)
L S S S S with measured binding affinities
All 205 0.59 0.32 031 0.11 0.50 0.20 0.43 0.20 045 0.18
A Serine proteinases 3s 0.82 0.74 0.75 0.51 0.61 0.47 0.83 0.69 0.13 0.00 Scoring functions:
B Metalloproteinases 25 0.72 0.44 0.45 0.3 0.44 0.14 0.42 0.20 043 0.17 « Force-field methods:
c Carbonic anhydrase ii 18 0.53 0.47 0.46 0.32 0.42 0.34 0.54 0.01 0.50 0.28 § D-Score, GoldScore
D Sugar binding proteins 30 0.76 0.58 0.45 0.09 0.02 0.00 0.05 0.00 0.29 0.09 « Empirical methods:
E Aspartic protei 38 0.08 0.01 0.520.13 0.02 0.00 0.08 0.01 0.080.00 § X-Score, F-Score, ChemScore, LigScore,
PLP, LUDI, HINT
« Knowledge-based methods:
§ DrugScore, PMF
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coefficient
b
& & scoring function  N* R, SD ME __a b
X-Score::HPScore 800 0.514 1.89 147 0.71 2.03
X-Score::HMScore 800 0.566 1.82 142 0.92 118

° X-Score::HSScore 800 0.506 1.90 148 0.93 1.24

800 63 1.95 153 7.2x 107 448
800 76 1.94 1.50 4.7 x10°° 4.09
800 2 209 167 9.7x 107 5.00

S 014 16 174 64 x103 592

X-Score::HMScoro
DrugScore: Pair

20010 ©

T HPScore = Cy , + Cypye ((VDW) + Cypy *(H-Bond) + €y *(Hydrophobie Pair) + Cor *(Rotor)
B HMSeore = €, + Cyp *(VDW) + Cypy *(H-Bond) + Cyp *(Hydrophobic Mateh) + Crp (Rotor)
HSSeore = €, 3 + Cypyy ;" (VDW) + Cyp - *(H-Bond) + Cyyg"(Hydrophobie surface) + Cr 1 *Rotor)

o LD 790 0331 208 106 20x107 dos
Cerius2:.UDI2 799 0379 2.04 1.62 42x 107 428
Cerius2:LUDI3 800 0331 208
GOLD::GoldScore 694 0285 2.16
GOLD::GoldScore__opt 772 0365 2.06
GOLD::ChemScore 741 0423 200
GOLD::ChemScore_opt 762 0.449 1.96
HINT 800 0330 2.08

Sybyt:ChemScore
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scoring fiunction
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success rate in classification”

high-affinity group
1 0

X-Seore::HPScore

Seon
Sybyl:G-Score
Sybyl:ChemScore
Sybyl:F-Seore
Cerins2:TigScore
Cerius2:PLP1

Cerius2:LUDI3
GOLD::GoldScore
GOLD:GoldSeore_opt
GOLD:ChemScore
GOLD:ChemScore_opt
HINT

* The denomiuator is the total munuber of seauples that an individual scoring fimetion could compute i a certain grou: the mumerator i the total
number of correcly clussified samples i this group by the given scoring function.
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Dock 1000 ligands into HIV-1 TK
* 10 known TK inhibitors
* 990 randomly chosen “drug-like” molecules

Measure how often TK inhibitors are highly ranked
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Screening accuracy:
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Questions:
« Docking accuracy?
« Computation speed?
« Binding affinity prediction accuracy?
Screening accuracy?
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Screening accuracy:

TABLEL iption of Hit L ing e
Ahit list from i at agiven threshold.
Top2.5% Top 5% Top 10%

Hit Rate” Yield” Hit Rate Yield Hit Rate Yield
DOCK. 0 0 2 10 3 30
FLEXX 8 20 s 40 8 80
FRED 0 0 0 0 2 20
GLIDE 8 20 10 50 6 &0
GOLD 1 10 s 10 10 100
SLIDE 0 0 0 0 0 0
SURFLEX® 16 40 16 80 10 100
QP 0 0 4 20 2 2
SHitrate: (AH/TH) x 100
i 106, M,«.m.]. the total number of hmpounds nthe it st AH the umber of e it nthe hit st and A th otal nurber

by using a protein | hold value of 6.

Precision Recall
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Conclusions g

Docking accuracy?
« Correct pose can be predicted (within 2A RMSD)
for majority of cases (60-80%) — depends on properties

Computation speed?
* Minutes per complex

Binding affinity prediction accuracy?
« Scoring functions generally have modest correlation
with measured K, values

Screening accuracy?
« Determining which ligand binds best to protein is very
difficult — correct ligand not always amongst top 10%
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