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2. The state of flexible ligand docking
as a virtual screening tool

The pose generation accuracy of docking protocols is considered
satisfactory:

validation studies of various docking tools show 70-90% of X-ray structures
are reproduced within 2 RMSD of error

Scoring functions are unable to

accurately predict the binding free energy of a given complex,
differentiate between active and in-active ligands (enrich databases)
correctly rank order a family of active ligands against the same target




3. Elaboration on '
validation accuracy of docking tools

Docking validation study with 69 pdb codes Kontoyianni, M.: McClellan, L. M.;
1“1—"mm“kmm’— Sokol, G. S.: Evaluation of Docking
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4. RMSD results on 1568 PDB
complex with drug-like ligands

Closest

\ Resolution<= 2.5

97 rotein famili es (5+)
349singletons
PDB-bind 2004
Astex-GOLD validation
Closest average: 0.73




5. DHFR Cross-docking validation

Human DHFR complexes were selected, 10 codes:
1boz 1dir 1dls 1drf 1hfp 1hfg 1hfr 1kmv 1mvs 1mvt

All ligands were docked against all receptors

Accuracy of the cross-docking results were measured An overlay

transformation was
computed based on the receptor

atoms surrounding the cavity. l -

The X-ray structures of the ligands Vit :;-n

were transformed into the other *'-:'\.1 \ I
:. . ! -

receptors using the overlay. RMSD
was calculated from those poses




6. DHFR Cross-docking RMSD matrix




7. Cross-docking results without e
Indu ced fit on highly flexible cases

2-3 PDB codes per family " #$

as listed in the publication | 98$
referenced below , ()
Cross-docking results for - &
Glide are also taken from the +-9%/
publication (without induced fit) ’ 11
Last coulmn (Self) contains 22 .
validation results of eHITS /[ 3 1) 1

Novel Procedure for Modeling Ligand/Receptor Induced Fit Effects
Woody Sherman, Tyler Day, Matthew P. Jacobson, Richard A. Friesner, and Ramy Farid
J. Med. Chem.; 2006; 49(2) pp 534 - 553;




8. Elaboration on . fallures of
scoring functions

Istvan J. Enyedy (Novartis) at the fall 2007 ACS (Comp 185, title @Can we use docking
and scoring for hit optimization®) has reported disappointing results with Glide comparing
docking scores to experimental binding data on several targets * practically no correlation
(R<0.1), in all 3 scoring modes available, even though the poses were correct

Contribution of Conformer Focusing to the Uncertainty in Predicting Free Energies for
Protein-Ligand Binding, Julian Tirado-Rives and William L. Jorgensen, J.Med.Chem.
2006, 49, 5880-5884.

Correct estimation of entropy changes upon binding (consider water, protein as well as
ligand including preserved and lost freedoms) is extremely difficult => missing or
inadequate in most scoring functions

Comparative evaluation of 11 scoring functions for molecular docking
Renxiao Wang, Yipin Lu, and Shaomeng Wang,

J.Med.Chem. 2003, 46, 2287-2303

Reported R=0.41 on ~900 diverse PDB complex set (PDB-bind),
later version improved to R=0.45 considering temperature factors




9. Correlation of eHITS-score with
experimental binding data

884 PDB complexes
R=0.75
g=1.61




10. Screening success on CDK5

e

Ken rEth R AuerbaCh, Center for Neurologic Diseases, Harvard, Cambridge, MA, USA

» %




11. Screening results with eHITS




12. The Good, The Bad and
disturbing facts about scoring poses

Pose at 1.5 RMSD may have completely different
Interactions than the X-ray pose

Scoring functions require much higher precision

The energy landscape Is rough with very high number
of local minima

bound ligand conformations do not match low energy
conformers

the search space is enormously vast and grossly
under-sampled by most docking engines




13. Pose sampling requirements of
good interaction geometry for scoring

o
H-bond geometry ® &

H-acceptor distance range
1.6 to22 ,ie.1.9 0.3

Hydrophobic contact

carbon-carbon distance range
3.2 to4.2 ,i.e.3.7 0.5

discretization must be fine enough to sample
atom placements
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14. Orientation and dihedral angle
precision required

Goal: sample atom placement every 0.5 or finer

Drug-like molecules can have
heavy atoms at 7 distance from
a rotation axis (see figure)

Simple trigonometric calculation: ~7A
tangential movement of 0.5 is

caused by rotation of about 5

at a rotation radius of 7

Conseguence: orientation and
dihedral sampling must be finer than 5

PDB code: 1CX?2




15. eHl

S algorithm overview:

Intelligent exhaustive search

Ligand Is divided Into
rigid fragments, flexible chains

All rigid fragments are docked

(many poses)

Pose matching (cligue detection)
~lexible chain fitting (continuous)

_ocal energy minimization




16. Rigid fragment docking based on
Chemical feature mapped polyhedra

Polyhedron shrink-wrapped onto A D
molecular surface (Connolly) A

Chemical feature flags on vertices
Analogue cavity representation

Rapid mapping of ligand and cavity polyhedra




17. Pose matching by
clique detection

Frag 1 Frag 2 SELE Frag 4

N b

Top Ranked Pose
RMSD: 0.699
Score: -8.507




18. Reconstruction and local
energy minimization

Fragments are joined (transformed to
maintain bond lengths and angles)

Local minimization:
Modified Powell algorithm
Rigid body rotations and translations: 3 axes
Dihedral angles of rotatable single bonds

Goal function includes: receptor-ligand
Interactions, internal strain, solvation




19. Interaction surface point (ISP) types

H-bond Donors (5 kinds)
H-bond Acceptors (5 kinds)
Ambivalent H donor/acceptor /A

\ & yarom-H

arom-P Arom-P

Aromatic Pi-stacking (5 kinds)
Hydrophobic (3 kinds)

—
Metal ion DIA

/

Misc (Sulfur, Halogens) ¢ arom-H |
arom-P arom-P




20. ISP set examples




21. Additional scoring terms

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)




22. Universal protonation handling

Generic form using
alternative flags (H/Lp)

Scoring picks better
one for each atom

Example:

150 states enumerated
11 independent H/Lp B R-NH, R-NH,*

> L= L L)
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23. Hardware Architecture Evolution:

Historically CPU performance
Recent years (5+) has seen a

A new breakthrough is needec

nas doubled every 18 months

eveling off




24. Emerging HPC Technologies:

Field Programmable Gate Arrays (FPGA)

# $ # V&

Cell Broadband Engine (IBM-Sony-Toshiba)




25. Hardware performance
and cost comparison

Intel/AMD Cell BE Speedup

Max. Instructions per cycle 2 66 33X
Peak Gflops @ 4GHz 8 264 33X

Sustained” Gflops @ 4GHz 3 210 70X

( ) )**&&&  $ * *& + -+ 4+ o+ %
Cost (3years) 400 CPU cluster FPGA Cell BE
Hardware $200-$400K $60K $4K
Electricity $180-$360K $6K $3K
Total $380K-$760K $66K $7K




26. eHITS porting to the Cell B.E.
code changes

eHITS on the Cell B.E. Is fundamentally different from
the previous sequential code:

new data structures to support SIMD operations
low level intrinsic coding (direct map to assembly)
branch elimination, loop unrolling

direct double-buffered DMA programming
No grid approximation, longer cut-offs

We get the benefits of IMPROVED accuracy
FASTER results £ no compromise




27. eHITS Lightning
speed-up results (work-in-progress)

Speed-up factor

Code component (task) PS3 CAB QS20
eHITS Scoring (with rotomer opt.) 20x  27/x 55X
Rigid Fragment Docking 21x  28x 96X
Pose Matching X 9 18X
Conformation Minimization 24x 32X 65X

Final Optimization 12x  16x  33x
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28. Summary of Features

http://www .simbiosys .ca/

Exhaustive, highest accuracy - don®miss a potential drug!
Deterministic = no need to wait for a lucky day

Fully automated - no manual setup, protonation, charges
Customized scoring function with automatic training tool
Integrated LASSO VHTS filter (see separate presentation)

Very fast + eHITS = electronic High Throughput Screening
(parallel/cluster support: SGI SMP, linux clusters, PBS, LSF)

eHITS Lightning = extremely High Throughput Screening
on IBM® Cell B.E. supercomputer-in-a-chip
Boath #432




