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2. Problem with atom-centre ..

based scoring models N
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 Imidazole: 4.5 kcal/mol difference between lone-pair direction and above

plane direction based on QM calculation
 Atom-center based QM-fitted point charge FF model => no difference!

* Fundamental contradiction between QM and FF models:

QM: all about electron density
(location probability)

FF: ignores electron density
~ century old Bohr model
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3. Interaction Surface Points (ISP)

e

« eHiTS places directional surface A
points in specific locations on the N A
surface of molecules to represent
various interaction capabilities: - .
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4. Interaction surface point (ISP) types .. .

H-bond Donors:

charged, amine, strong, weak, rotatable
H-bond Acceptors:

charged, acid, strong, weak, rotatable
Ambivalent H donor/acceptor
Aromatic Pi-stacking:

carbon, polar, resonance, edge-H, arom-Tt
Hydrophobic:

strong / weak lipophil, neutral

Metal ions
Misc (Sulfur, Halogens)
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5. ISP set examples 1/
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6. Interaction Geometry scoring

* |nteractions can not be 4
described by distance 4 4
(d) alone, the angles
between ISP directions * -

and interaction
directions (o,) as well

as the torsions (d) y
between them must be
considered:

5

www.simbiosys.com SimBioSys Inc.© 2010



/. PDB file filtering and curation L \d

™

1. Protein-ligand complexes from the PDB, xray resolution 2.5A or better: ~21,000

2. The PDB-report created by the WHAT_CHECK software was used for filtering:
Errors in protein structures. R.W.W. Hooft, G. Vriend, C. Sander, E.E. Abola, Nature (1996) 381, 272-272

Major modeling errors Side chain planarity problems

High bond length or bond angle deviations C/N-terminal problems

Ramachandran Z-score very low Unusual residues or torsional angles
chi-1/chi-2 angle correlation Z-score very low Connections to aromatic rings out of plane
Abnormal packing environment or Z-score Abnormal packing for sequential residues
Backbone conformation Z-score very low Low packing Z-score for some residues

5. HIS, ASN, GLN side chain flips are detected (H-bonding) and corrected
6. Duplicate, unexpected atoms and water clusters without H-bonding are omitted

7. The Uppsala Electron-Density Server was used to detect and filter local errors
GJ Kleywegt, MR Harris, JY Zou, TC Taylor, A Wiahlby & TA Jones (2004), Acta Cryst. D60, 2240-2249

3. Structures with major errors or too many residue errors are omitted: ~12,000 left
4. Residues with significant errors (RSCC<0.85, RSR>0.2, OWAB>40) are omitted



8. Statistical data collection

™

« ~12000 high resolution (<2.5A) crystal structures — millions of inter.

12,2
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* Probability of distance d to occur between two heavy atoms:

 4r \? N - —dr? 2\ .
P(d) = d? exp | Py — Py + Ps||* | sinadads
\ . Jo Jo \ _.

By + B1 By + By

* Similar formulae for angle and torsional components
* 4D data collection using fine numerical integral sampling



9. Energy by Boltzmann distribution
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10. The Scoring maitrix

™

polar/H-bond TU-9T interactions

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  -999 178 002 218 212 057 043 554 032 012 -48 -418 -319 027 -411 015 -149 098 -171 -646 4.39 METALO
DonH+ | -515 613 -538 257 38 114 -049 -0./9 -252 01 -295 -186 -123-304 -64 -6.6 -171-146 DonH+1
Amine = -794 024 -521 213 137 147 04 075 03 143 -364 -172 -085 -55 -194  -378 -189 091 Amine 2
Don-H | -999 -026 -178 286 218 327 236 049 -059 178 -17 -19 -072-0.15 -268  -327 -0.65 -1.21 Don-H3
WSdon = -999 -293 -556 -021 -016 -009 283 064 012 062 -064 -129 -097 -0.12 336 -321 -0.37 -053 WSdon 4
PO3- | -092 12 286 -072 -131 -17 -108 -058 377 -052 -128 -164 134 02 -465 -072 -065 -153 -357 -352-0.89 PO3--5
AcidL 358 311 234 -066 -164 -0.72 -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 0.2 Acclp7
Ambiv = -331 -098 21 302 141 09 065 48 108 163 -194 009 003 074 -279 -046 -273 123 -465 -102 0.68 Ambiv9
RotH | -045 -999 024 315 378 089 -024 247 -402 -02 -061 005 019 054 -443 053 024 -371 -999 0.2 -109 RotH10
RotLp 3/ -125 263 001 006 -209 -405 375 -001 -246 -065 018 -098 134 -619 -137 -083 -0.79 -215 -146 135 Rotlp 11
CLipo 55 =379 -297 -253 -248 -087 -046 -175 -166 -125) 083 0.8 -012-002 191 034 059 006 127 1 -127 Clipo12
AomH  -922 312 -376 -188 -133 -111 011 -276 -194 -147 001 061 -014 -011 128 108 187 003 04 0.39 -258 AromH 13
WSlip 001 -026 -125 -009 -107 012 016 -014 -105 -0.70-009 027 -011 -01 158 2 162 035 062 0.76 -0.84 WSIip 14
Neutr -9.99 -2 044 003 02 -064 067 -063 -006 057 -038 -0.14 -068 -0.13 -027 042 047 081 -108 -0.26 -0.33 Neutr 15
AromP -667 -418 -275 -183 014 -214 -167 361 312 375 329 483 314 456 46 366 261 0.79 AromP 16
Res+- -196 288 -212 -142 -052 002 021 286 309 254 297 405 335 508 469 384 422-438 Res+ 17
Res C 278 -497 -194 -365 -212 -171 038) 249 3370 205 25 486 278 38 14 31 414 -128Res C18
Sp2+ -999 -904 -358 -243 -162 -264 -048 -243 -078 0110 238 279 12 103 525 236 417 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 Rot-H RotLp CLipo AromH WSlip Neutr AromP Res+ Res C Sp2+ Sp2 C Halog Join.




11. Additional scoring terms o

De-solvation: continuous model, ISP type dependent

Steric clash penalty: distance-square from Connolly surface
Pocket depth: signed distance of atoms from convex hull
Protein family data based coverage (ISP type pairs)

Ligand strain energy (torsional probability + vdw LJ 6-12)
Ligand intra-molecular interaction score (ISP pair ~ receptor)
Ligand entropy loss (frozen rotatable bonds)



12. Protein “family” clustering e

~12,000 PDB Complexes are clustered
automatically into ~500 protein sets.

Geometric clustering is based on binding e
site residue Cal distance matrix.
- distance tolerance (default 3A
- matching subset size minimum (5)
- minimum set-size (5 entries)

Correspondence to biological activity
family is not exact, e.g. Kinase DFG-in
DFG-out is separate, but thrombin and
trypsin in same set.

Under represented sets and singletons are g “
treated as a fall-back general set )

The same matching criteria is used to
find the “family” of the target protein in
the preprocessing step of a docking run
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13. Protein “family” based weight tuning .

./ .

Docking is performed for all members of a “family” (training PDB
set) to generate 300+ poses using default scoring weight parameters

All scoring term values are recorded for each pose along with the
RMSD from the x-ray pose

The interaction score-matrix is divided into 5 categories (metal, H-
bond, hydrophobic, pi-pi and other): we use 1 weight parameter per
category

Along with the additional terms, we have 20 weight parameters to tune

The goal function of the weight tuning optimization process includes:
- RMSD of the top-rank pose from each of the complexes in the set
- rank position of the closest pose to the x-ray among all poses
- score difference between the closest pose and the top-rank pose

Tuning does not influence the generated set of poses (rank-order only)



Untrained Scoring: Note
that while there are many
low RMS solutions in the
good score regime there are
also high RMS solutions

i o es o o with same score range

Trained Scoring: There is
dramatic score-separation of
the ‘correct’ pose RMS-re-
gime (circled) at low scores
from poor scoring —high
RMS results

& RMS-UNT

& RMS-TRAINED

SCORE-TRAINED




15. Results on the CSAR set using the
default weight sets of eHITS

s A
R — O . 3 7 y R E O . 6 1 'ehits_xray_default.results’ using ($5):($t73
X
0.637246" x + 2.44383
Rmsd=2.02 PR

183 PDB complex codes
are common between the
CSAR set and the set of
~13,000 used for eHITS +
scoring development, i.e. AR IR
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EhITS scoring is tuned for
pose recognition and
enrichment, not for binding
energy estimation




16. Results on the CSAR set2 using
weights tuned based on CSAR setl

apti e,
R —O . 48 y R —O . 70 Thome/zsolt/data/CSAR/ehits_xray_train1_test2.txt’ using ($2):($t33 +
X

(0.816866" x + -0.532964) <~

Rmsd=1.94

Common PDB codes with
eHITS default tuning set:

69 with set 1 of CSAR
115 with set 2 of CSAR

But, there is no code In
common between setl
and set?2, and the default
eHITS weight setis
Irrelevant for this study




17. Results on the full CSAR set using
weights tuned on the full CSAR set

‘ehits_xray_train_all.results’ using ($5):($7) +
X)

-

(0.999799" x + -0.000780375)

R°=0.90, R=0.95
Rmsd=0.74

Not an indication of
predicive power!

Interesting note: same
type of full-training on the
PDB-bind 2008 set gives
only R*=0.6 value, which
Indicates that the CSAR
set Is significantly “cleaner”




18. Changes in the weights upon
tuning for CSAR set

nName-of-the-term
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19. Summary of Features

Interaction Surface Point based statistical interactions scoring
Additional scoring terms combined with empirical weight set
Automated protein family clustering and specialized weight tuning
Per-optimized weight sets for over 500 families included
Automated tuning tool to customize the scoring for in-house data

Very fast — eHITS = lectronic gh hroughput creening
(parallel/cluster support: SMP, linux clusters, PBS, LSF, SGE)

eHITS Lightning = xtremely gh hroughput creening
on IBM's Cell B.E. Supercomputer-in-a-chip

Request a free evaluation online: http://www.simbiosys.com/
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