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Binding: the central event of drug action

Target Ligand Complex
(drug) structure?



Computational docking =

driving a ligand into its binding site



Computational chemistry
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Quantum chemistry (QM) Molecular mechanics (MM)
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Molecular dynamics (MD) Docking

Important difference

QM - atomic nuclei + electrons
MM - connected atoms

Water molecule
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Computational docking =
Force field + Search algorithm

Force Field =
V function + Parameter set

V(F By )= D LK (b=b)" + D 1Ko (©-0) + Y K, [1+cos(ng —8) ]+
bonds angles
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Blind docking vs.
focused docking

Global search vs.
local search
Allosteric sites vs.
orthosteric sites

Blind docking is challenging!



Fast blind docking results




Hetényi C*, van der Spoel D (2011)
Toward prediction of functional protein pockets using blind docking

and pocket search algorithms.
Protein Sci 20, 880-93.

EEBS Hetényi, C*, van der Spoel, D. (2006)
Blind docking of drug-sized compounds to proteins

=== with up to a thousand residues.

&'%C‘ FEBS Letters 580 1447-1450.

Hetényi, C. and van der Spoel, D*. (2002)
Efficient docking of peptides to proteins without
prior knowledge of the binding site.

Protein Science 11 1729-1737




Limitations of fast blind
docking approaches

+  Heuristic search algorithms
 Simplified force fields
* Lack of explicit water models

—> No systematic results. MD?



Limitation of molecular )
dynamics (MD) approaches Py

* Heuristic or biased starting
positions

* Simulation time is not
predictable

»

RMSD(A)

—> No systematic results



% WRAP 'N' SHAKE

www.whsdock.xyz

Systematic exploration of multiple drug binding sites
Balint M, Jeszendi N, Horvath |, van der Spoel D and Hetényi C
Journal of Cheminformatics 2017 9:65
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Wrap 'n' Shake = Wrapper + Shaker

HYDRATION




Wrapper

several fast blind docking cycles



V., (kcal/mol) - =V
1 5 10 15 20 26 -\, (E,=10"keal/mol, R,=3.8 A)
T — V. (€,=10" kcal/mol, R,=3.2 A)

-V, (€,=10" kcal/mol, R,=2.7 A)

03
4.0
: f Ryy. '? Ryy. ®
; v Vyy =Exr{("""r""") "2(“[":") 1
E 5 I- Rx\*=l‘ta;—ﬂtigm= Ex &y
2 | £ :
Z [ 5 g
; : > 0 f-o-
e oy \ P
: : ' 02 L
20 10° 10° 10° 23 3.3 43

€, (kcal/mol) r iA)




Cycle 1




Cycle 2




Cycle 3




Cycle 4




Cycle 5




Cycle 6




Cycle 7




Cycle 8




Cycle 9




Cycle 10




Cycle 11




Cycle 12




Cycle 13




Cycle 14




Cycle 15
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Now, we have a
target, systematically
wrapped in ligand
copies ;
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Target
haematopoetic cell kinase (HCK)

Ligand
1-ter-butyl-3-p-tolyl-1 h-pyrazolo[3,4-d]pyrimidin- 4-
ylamine (PP1)

PDB 1QCF




Adding some water
molecules






Shaker

short molecular dynamics cycles
in explicit water






























After some filtering, etc.
the result:
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Parallelization at both Shaker and MD levels



Refinements with
molecular dynamics
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Thank You!
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