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2. Abstract

Abstract:

Screening of compounds has become a prevalent step in a variety of biologically related
applications including drug discovery, predictive metabolism and toxicity prediction. The
docking paradigm consists of two interrelated steps, namely pose prediction, and scoring.
While most docking approaches are capable of predicting poses consistent with known
structural solutions, they do not generally score these as the top ranking poses.
Furthermore, correlations between docking scores and low RMSD values or bioactivity
given in terms of InKd or IC50 values are often limited (J. Med. Chem, 49:5912-5931).
Such correlations are crucial if docking is to play a reliable role in either prioritizing
prospective ligands for synthesis or in ranking protein-target interactions in metabolic
and toxicity studies. We describe in detail the mixed physical and informatics approach
of the scoring function of eHiTS (Electronic High Throughput Screening), and
demonstrate by comparing to quantum mechanical results how it is well equipped to
capture subtle interactions such as Pi-cation, non-conventional hydrogen bonding, and Pi-
stacking. Good score-based low RMSD discrimination of biochemically and
pharmacologically relevant poses as well as score-IC50 correlations are shown with
illustrations from several systems: nicotinic acetylcholine receptors and their surrogate
binding proteins (AChBP), kinases, and cytochrome P450s. We demonstrate how these
features may be further enhanced using eHiTS' unique training utility, and discuss this as
a method to improve discrimination of ligand-target recognition.



3. The Problem

> The bound conformation of ligands Iin proteins (receptors) is a function of
diverse protein-ligand interactions types such as:

- Salt-bridge (electrostatic)

* conventional and non-classical hydrogen bonds

" T-TT Stacking

* T-cation

- 1-hydrogen bonding-H

" ion-induced dipole

* dispersion

> While pose prediction with an accuracy of < 2.0 A RMSD is not uncommon,
achieving sub 1-A RMSD is less typical.

> In many docking approaches, poor correlation between low RMSD poses and
good docking scores is common even when pose prediction is of high
performance.

> Correlations between docking scores and bioactivity or affinity are typically
low.



4. Solution: A Trainable & Diverse Scoring Function
Including Physics and Informatics Components.

23 Surface point types: all pairs considered => 23x23 matrix

® METAL ® AMBIVALENT HLP @ HYDROPHOB

® CHARGED HPLUS ® ROTATABLE H ® H AROM _EDGE

® PRIMARY AMINE HLP  ® ROTATABLE_LP ® WS LIPO

® HDONOR ® WEAK LONEPAIR ® NEUTRAL

® WEAK HDONOR ® P|_SP2 POLAR ® P|_ AROMATIC

® CHARGED LONEPAIR @ P| SP2 CARBON ® P| RESON_POLAR
® ACID_LONEPAIR ® HALOGEN ® P| RESON_CARBON
® LONEPAIR ® SULFUR




5. Family Training

10,000 PDB

@

1. 10,000 PDB
complexes
chosen to
represent a wide
range of protein
families

2. Complexes are
clustered automatically

into ~500 protein
families plus one

default, global set based
on amino acid ligand-
component distance

metrics.

3. eHiTS training
utility optimizes
scoring functions
(weights) for
each family

eHiTS
Scoring
Functions

_

4. Scoring
functions for each
family are output
and used as
default scoring
functions of
eHiTS




6. Result: Interaction-scoring Matrix.

Relli ~ DonH+ Amine Don-H PO3- AcidL Acclp WS-Lp Ambiv RotH Rotlp CLipo AromH WSlip Neutr AromP Res+ Res C Sp2+ Sp2_C Halog Join.

METAL -999 178 002 218 212 057 043 554 03 012 -48 -418 -319 027 -411 015 -149 098 -171 -646 4.39 METALO
DonH+ = -515 -613 -538 257 38 114 -049 -079 -252 01 -295 -186 -123-304 -64 66 -171-146 DonHt1
Amine = -794 024 -521 213 137 147 -04 075 03 143 -364 -172 -085 -55 -194  -378 -189 0.91 Amine 2
Don-H | -999 -026 -178 286 218 327 236 049 -059 178 -17 -19 -0.72-0.15 -268 -327 -0.65 -121 Don-H3
WSdon = -999 -293 -556 -021 -016 -009 283 064 012 062 -064 -129 -097 -0.12 -336  -321 -0.37 -0.53 WSdon 4
PO3-- | 092 126 286 -072 -131 -17 -108 -058 377 -052 -128 -164 134 02 -465 -0.72 -065 -153 -357 -352-089 PO3--5
AcidL 358 311 234 -066 -164 -072 -387 052 394 037 -099 -165 224 023 -504 -092 -245 012 -0.13 -0.86 -0.76 AcidL 6
AccLp 305 167 309 -38 -239 -17 -298 -001 051 -226 -029 045 06 08 -351 -242 014 -107 -097 -141 012 Acclp7
Ambiv ~ -331 -098 21 302 141 09 065 48 108 163 -194 009 003 074 -279 -046 -273 123 -465 -102 068 Ambiv9
RotH | -045 -999 024 315 378 089 -024 247 -402 -02 -061 005 019 054 -443 053 024 -371 -999 0.12-109 Rot-H 10
RotLp 3715 125 263 001 006 -209 -405 375 -001 -246 -065 018 -098 134 -619 -137 -083 -079 -215 -146 135 Rotlp 11
CLipo -55 -379 297 -253 -248 -087 -046 -175 -166 - 1 -1.27 CLipo 12
AromH 922 -312 -376 -188 -133 -111 011 -276 -194 -L 0.39 -258 AromH 13
WSlip 001 -026 -125 -009 -107 012 016 -014 -105 0.76 -0.84 WSlip 14
Neutr -9.99 -2 -044 003 02 -064 067 -063 -0.06 -0.26 -0.33 Neutr 15
AromP -667 -418 -275 -183 014 -214 - 488 314 456 46 366 261 0.79 AromP 16
Res+- -196 -288 -212 -142 -052 002 405 335 508 469 384 4.22-438 Res+ 17
Res_C 278 -497 -194 365 212 -1Ml 486 278 385 14 31 414 -128ResC18
Sp2+  -999 -904 -358 -243 -162 -264 -048 -243 -0.78 525 236 417 27 358 4.32-288 Sp2+ 19
Sulfu -003 -043 -103 -309 -324 -365 -098 -999 -124 -338 003 183 009 036 121 129 094 -016 198 007 104 Sulfu22
Re/li  DonH+ Amine Don-H PO3- AcidL Acclp WS-Lp Ambiv RotH Rotlp CLipo AromH WSlip Neutr AromP Res+ Res C Sp2+ Sp2_C Halog Join.

polar/electrostatic TU/aromatic--cation/H+

128 108 187




(. Family Training Leads to Improved Pose

Prediction Accuracy and Score-RMSD correlation
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Untrained Scoring:

Many low RMSD solutions that cannot
be distinguished from high RMSD
ones.

Trained Scoring:

Dramatic score-separation of the
‘correct’ pose RMSD-regime (circled).



8.Best Docking Score Correlates with low RMSD
pose reproduction.

Xray

Epibatidine/2BY Q-
Score-RMS Separation: trained-Scoring FUnction

RMS

= N Q@ &= g O

D

eHiTS Score

Low scored region is significantly enriched with low RMSD poses.



9. Family Trained Scoring Functions Show Score-

IN(IC50) correlations in AChBP.

eHiTS SCORE

1UV6(Lymnaea) 2BYS(Aplysia)

T T ’ 2 ‘
2 7 12 1

0 T T T T
200 400 600 800 _-1000 1200

eHiTS Score

/ *

L J

\

2
3
4

*
o &
6

INKd(1UV6) InKd(2BYS)

Two cases of an acetylcholine binding
surrogate protein(AChBP) show fair monotonic
correlations between ligand docking scores
and affinity.

Score - log(Kd) correlation allow using the
virtual screening scores to prioritize synthesis
or in-vitro testing of compounds.



10. Good Pose Prediction in Proteins Qutside the
Default Trained Sets

Table 1. Initial Survey of Targets and Native Ligands.
Target PDB code Ligand Code (Abbr) Closest pose Top Rank.oed
RMSD | rank |RMSD(®)
(A)
FAAH Imt5-S Methyl Arachidonyl 1.45 7/60 9.74
Fluorophosphonate(MAY)

Adenosine Kinase 2i6b-S 89I: Acetylinic inhibitor 1.01 15/60 1.48
Glutamate 2pvw G88: 2-PMPA 0.87 4/60 5.20
Carboxypeptidase Zard QUS: QUISQUALATE 053 | 2/60 1.77
2pvv OSE: O-SULFO-L-SERINE 0.88 36/60 1.65
3bhx BHX: 1.00 5/60 1.39
3bil-S 3BI: Methotrexate-GLU 0.75 11/60 1.43
Aurora Kinase A 2np8-S CC3 0.64 17/60 1.00
MMP-2/13 1g05-5 BBH 1.41 18/60 4.04
GSK-3B 1q41-S IXM 0.92 3/60 2.47
nNOS lvag-S ARR:Thiophecarboxamidine 1.20 6/60 1.40
eNOS 3nos-S ARG 1.04 8/60 6.30
4nos ITU 0.64 1/60 0.64
Im9m-S INI 0.73 2/60 4.76
iNOS 1nsi-S INI-ARG 0.52 1/60 0.52
DDAHI 2jaj-S D20 1.08 7/60 1.74
B2-adrenergic 2rh1-S (S)-CARAZOLOL 0.81 1/60 0.87

Default scoring function generates good poses and ranking for proteins
:cn families that were not included in the training of eHITS' default scoring
unction.



11.Exploring the Cross-Ligand-Protein Landscape

In DeNovo Design and

Predictive Toxicology.

MMP:1G05
eNOS: 1MIM
FAAH

iNOS

GSK

nNOS
AK:89i
DDAH1
AuroraKin
B2Adren
GlutCarb
eNOS:INOS
eNOS:4NOS

MMP-1g05 eNOS-TMOM FAAH

-5.36

-3.5
-213
-347
5.75
-4.93
-3.02
-5.83
-4.69

4.1

A7
-344
-2.87

-1.13
-4.28
-0.74
-5.03
-3.36
-3.96
297
-4.69
-5.46
-2.28

12

4.3
-4.49

-5.89
-3.25
-5.07
3.3
-5.15
4,75
-2.38
-3.4
-6.58
-5.64
-0.68
-3.33

-2.6

iINOS
037
29
088
475
285
423
279
4T
077
065
125
416
53%

-3.56
-3.87
-3.39
-3.31

5.7
473
-3.38
-3.52
-1.21
548
-3.57
-3.38

GSK  nNOS
675 159
3 42
548 42
SAl 4%

72 35
449 589
58 214
43% 528
568 362
581 3
344
3R 515
355 55

-3.2

AK:2I6B  DDAHT

-219
-25
-3.21
4.6
483
43
0.5
-4.59
414
-3.63
-1.06
-3.71
422

AuroraKin B2Adren GlutCarb eNOS:3NOS eNOS:4NOS

-0.56
-219
-1.94
-2.16
213
-4.36
411

-3.2
-2.57
-3.87
-1.44

-3.1
214

-4 04
-2.74
-0.61
317
-4.36
-2.85

-3.8
244
-2.99
-5.69
-1.01
-2.18

-26

0.3

-3.74

042

-3.79
-1.65
-1.88
-1.59
-3.44
-1.95
-0.07
-8.58
-5.22
-1.87

0.32
-3.36
-1.36

4.7
-2.99
-3.53
17
-349
4.05
-1.89

0.82
-3.95
473

*Cross docking scores: each of the 'native' ligands in a particular

protein family was docked against the other receptors.

*The score for each ligand against its original target (diagonal

elements) is amongst the 'best' scores.

*eHITS' score-log(Kd) correlations allow specificity evaluation.

-2.19
-1.19
441
-0.52
-1.97
-1.71

-3.15
-5.14



12.Flexible Proteins: Family Trained Scoring Yields
Conformation-Dependent Low RMSD Poses

Protein Conformational Sensitiivity
RMSD eHiTS 6.2

3
2-3 25 Al _ [ CDK2
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13. The eHiTS score 1) low RMSD, 2) InKd correlations provide a firm foundation for

examination of the energy landscape for ligand libraries for flexible protein targets.

PROTEIN-CONFCONF1 CONF2
LIGAND

0

O N Ul B WN -

©0

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Color coded score profile of 25 ligands against
10 different conformations of the MAPK14 target
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highlight the sensitivity of affinity of the ligand to
protein conformation

Two crystal structures of MAPK
with native ligands showing large
conformational changes and
preferred ligand occupancy

Conf. 1: red protein/magenta-ligand
Conf. 2: blue protein/cyan ligand



14. Conclusions.

*The eHITS scoring function captures a very diverse spectrum of
ligand-protein interaction types and gives:

*Good score-Low RMSD correlations in pose prediction.
*Good score-Observed log(Kd) correlations.

*The scoring function provides a firm basis for an initial screen
of the ligand/protein-target energy landscape in cross docking
profiles of diverse ligands and targets in HTS or DeNovo
design.

*The initial examination of the eHITS pose prediction accuracy
for flexible protein paradigms indicates promising performance.

*The HTS docking and scoring in eHITS Lightning gives
comparable accuracy to eHITS 6.2 with docking rates of 10
seconds per ligand on a $400 PS3 platform.
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