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5 components of the rational and smart

new drug development

1. To be needed bio-target — medics,
pharmaceutists, biologists, biochemists,
molecular biologists ...

2. Avallability of the bio-target 3D structure

3. High accuracy of the protein-ligand binding
energy calculations. Error AG,;,4 <1 kcal/mol

4. New compounds synthesis symplicity

5. Availablility of reliable test systems for
experimental measurements of inhibitors

activity
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Application of molecular modeling should
Improved effectiveness of rational drug
design

* Decrease time of new Iinhibitors design
* Increase diversity of new inhibitors

* Decrease the number of new compounds
syntheses

» Decrease time of the new drug
development

* Decrease expenses of R&D
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The protein-ligand binding free energy

AG, = AH — TAS

AG,, ,— the protein-ligand binding free
energy

AH — binding enthalpy,

— TAS — binding entropy

AG = KT In(K)), Ki — Inhibition constant

K — measured In experiment
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Main molecular modeling tools for calculation

of the AG, 4 -

* Docking — ligand positioning Iin the target
protein, estimation of AG,, .. Docking is the most
popular method for Drug Design. There are
many docking programs: AutoDock, DOCK,
ICM, GOLD, FlexX, FlexE, BUDE, Glide,
Surflex-Dock, Lead-Finder, SOL, TTDock, etc.

 Molecular Dynamics — calculation of
trajectories of all protein-ligand atoms and all
water molecules; AG, ., calculation — energy
averaging along the trajectories.
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Docking versus MD

* Docking is the most popular method for Drug
Design, Quick, Virtual screening of many
thousands of ligands. Score — estimation of
AG,,., — ACCURACY IS BAD.

« Theoretically MD is the most precise method of
AG,, ., calculation, too slow for virtual screening,

many tricks in calculations — alchemp. Accuracy
IS not enough for an arbitrary protein-ligand
complex.
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Docking Paradigm:
The ligand position in the target protein
active site corresponds to the global
minimum of the protein-ligand energy
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Docking problems

« Positioning accuracy is not high enough: there are many
examples of the native ligand docked with RMSD > 2 A

* Accuracy of AG,; 4 calculation is not high enough

 TAS ~ (the number of ligand torsions) — bad
approximation

- Fitting parameters are used in many docking programs —
Impossible to estimate accuracy a priory

* Itis impossible to optimize lead compound: to distinguish
between weak, medium and strong inhibitors on the
base of docking results

* Accuracy of AG, ;4 calculations must be better than 1
kcal/mol
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Key Programs for Drug Design:
Docking - the correct ligand positioning
in the active site of the target-protein

Scoring - the correct estimation of the protein-ligand
interaction energy

High accuracy ~ 1 kcal/mol ~ 0.05 eV

Protein-water interaction

I/

Ligand-water interaction

\X/‘/

docking ,
s o N
o .

»[ \ WATER SOLVENT

'& \ Protein-ligand interaction:

eCoulomb interactions
eVan der Waals interactions
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Is It possible to use Docking for accurate
AG,, ., calculations?
Goals of our research:

« To find the global minimum (mMinimum minimorom)
for protein-ligand energy target function

 Different target functions

* No fitting parameters

* Detalled investigation of protein-ligand low energy
minima

« Employment of Supercomputers for docking

« To find causes of low docking accuracy
— Accuracy of ligand positioning
— Accuracy of binding energy calculations
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The ligand movement in the protein active site

The global energy min@
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Docking

* To find the global protein-ligand energy
minimum

* To find a spectrum of protein-ligand low
energy minima

* The global minimum and nearest in energy
local minima give main contribution to the
binding energy

18.08.2015
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FLM docking program — Find Local Minima

FLM does not use any preliminary calculated
energy grid

Rigid protein — for the present investigation

Local energy optimization in respect to all ligand
atoms from a random initial position

Vacuum or implicit solvent models
Force Field MMFF94 - for the present investigation

Parallel multi-processors calculations: 8191 cores
several hours of the Lomonosov supercomputer

Search for the low energy minima spectrum (1024
lowest energy different minima)

Monte Carlo exhaustive minima search
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Investigation of docking accuracy

« Positioning accuracy,
* The docking paradigma check
« AG,,,4 calculation accuracy

* A set of 16 protein-ligand complexes from
Protein Data Bank, RMSD < 2 A, different ligand
size and flexibility with known inhibition

constants K
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74 atoms, 19 torsions
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Docking accuracy depends on:

 Force field — Inter- and intra-molecular
Interactions

« Solvent (water) model
* Models of the target protein and ligands

* The free energy calculation method and
approximations

 Algorithms of calculations

« Computer resources for docking of one
ligand

18.08.2015
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Five target energy functions

« MMFF94 local optimization In vacuum

« MMFF94 +solvent in the PCM (Polarized
Continuum Model) model

« MMFF94 + solvent in the Surface-GB model
« PM7 (MOPAC) local optimization in vacuum
« PM7(MOPAC) + solvent in COSMO model

PM7 — new guantum-chemical semiempirical method:
*Improved dispersion interactions
Improved Hydrogen Bonds description
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Minima sets found by FLM {1}

* {1}MMFF94 — low energy minima selection
IN vacuum

o {1}MMFF94+PCM — minima energies
recalculation with PCM

« {1}PM7 — local optimization from these
minima with MOPAC in vacuum

« {1}PM7+COSMO — minima energies
recalculation with c COSMO (MOPAC)

18.08.2015
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Minima sets found by FLM {2}

¢ 2}MMFF94+PCM — low energy minima
selection with PCM solvent model

e {2}MMFF94 — minima energies recalculation
IN vacuum

o {2}MMFF94+5S-GB - minima energies
recalculation with Surface-GB solvent model
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The local minima set updates number (Nu) depending on done
«test optimizations» number (No) for 1SQO (black line) and
1VJA (red line) protein-ligand complexes
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Potential energy of the global minimum (Emin) depending on
done «test optimizations» number (No) for 1VJA protein-ligand
complex. This energy was updated for the last time after 64205

done «test optimizations».
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Minima indexes

« Each energy minimum has an integer index
corresponding to its position in the minima
list sorted by their energies in ascending
order. The lowest energy minimum has index
equal to 1.

* IN — (Index of Native) is the index of the locally
optimized native ligand.

* INN — (Index of Near Native) is the index of the
minimum having RMSD from the non-optimized
native ligand position less than 2 A

18.08.2015
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IN / INN indexes for different target functions

PDB | {I}MMFF | {I}MMFF | {1}PNM7 | {1}PM7+ | {2}MMFF | {2}MMEFF | {2}MMFF
D +PCM COSMO +PCM +SGB
AFTO | 36/ 20 8/ 7 37/ 12 1/ 1 180/ 99 |164/159 | 8/ 6
AFT9 | 45/ 28 1/ 1 25/ 6 1/ 1 194/125 | 3/ 1 1/ 1
AFSW | 5/ 5 6/ 6 40/ 40 12/ 13 | 110/102 | 134/140 | 21/ 3
AFTA | inf/ inf 47/ inf 379/ inf 1/ inf inf/ inf 186/187 | 97/ 97
AFV5 | 204/131 3/ 3 2537194 | 2/ 1 186/134 | 6/ 3 5/°5
AFV6 | inf/ inf 1/ inf 49/ inf 1/ inf 86 /289 3/ 68 1/ 24
IDWC | inf/670 | 245/ 25 | 689/661 | 158/141 |245/114 | 250/ 35 |107/ 8
ITOM | inf/ inf 13/inf | inf/inf 1/ inf inf/ inf 13/ 4 7/ 1
1C5Y | 1/ 1 2/ 1 7/ 1 2/ 1 1/ 1 2/ 1 1/ 1
1F5L 1/ 1 1/ 1 43716 69/ 30 1/ 1 10/ 1 1/ 1
103P | 20/ 18 21/ 1 5/ 1 3/ 1 69/ 62 | 274/ 1 130/ 2
1SQO | 1/ 1 2/ 1 1/ 1 1/ 1 1/ 1 54/ 1 5/1
1VI9 | 46/ 1 86/ 51 32/ 1 26/ 8 6/ 1 11/ 18 10/ 14
1VIA | 42/ 3 7/ 1 7/ 4 6/ 4 4/ 49 1/ 2 1/ 1
2P94 | 36/ 2 19/ 1 23/ 6 7/ 1 22/ 1 35/ 1 21/ 1
3CEN | 96/ 1 18/ 1 13/ 1 3/ 1 90/ 1 35/ 1 13/ 1

"Inf"* for IN means that all (1024) found by FLM low-energy minima have energies
below the energy of the optimized native ligand

"Inf" for INN means that all found by FLM low-energy minima have RMSD

from the native position above 2 A
18.08.2015
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Ligand positioning with MMFF94 in vacuo

target function

* The docking paradigm Is confirmed only for
3 complexes out of 16 (6 complexes out of

30) — 20% complexes. For these complexes
IN/INN=1/1:

— The locally optimized native ligand pose has
lowest energy among enerqgies of all minima
found by FLM

— The minimum with lowest enerqy (the global
minimum of the target function) found by the
FLM program is close to the ligand native pose
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. . Eglobal min. — Eopt.nat.p
Protein PDRBID Kealmol
AFTO -29.5
AFT9 -18.3
CHK1
AFSW -15.4
4FTA -G1.2
4FV5S -36.6
ERK?2 -
4FV6 -159.3
1DWC -41.5
thrombin
1TOM -62 .3
1C5Y 0.0
1F5L 0.0
_ 103P -5.2
urokimase
1SQO -0.1
1VI9 -6.6
1VIJA -4.7
2P94 -G.5
factor Xa
3CEN -14.0
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Difference between the found
global minimum of potential
energy Eglobal min and

the energy Eg ot Of

locally optimized native ligand
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within 5 kcal/mol near
the global minimum

The docking target function:
MMFF94 In vacuum
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Conclusions: ligand positioning

* The energy target function with implicit solvent
model is better than the energy target function in
vacuum: indexes IN and INN become lower

 PM7 with solvent (COSMO) is better than
MMFF94 with solvent (PCM)

* Docking program FLM is the tool for testing
valuabllity of energy function for docking
application

« Docking program FLM is the tool for testing
effectiveness of the global energy minimum
search

18.08.2015
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To Iimprove docking accuracy:

* To find better force field
* To use implicit water models

* Force fields should be substituted by
guantum chemistry — semiempirical
method PM7

18.08.2015
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LET US MEET AGAIN..

We welcome you to our future conferences of OMICS International

2"d International Conference and Expo
on

Drug Discovery & Designing
On
October -31 November-02, 2016 at Istanbul, Turkey

http://drug-discovery.pharmaceuticalconferences.com/
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e ...Surely every medicine is an innovation; and he that
will not apply new remedies, must expect new evils...

Francis Bacon
(1561-1626)

Thank you!

18.08.2015

OF INNOVATIONS

31



