
olecular dynamics 
i i WISDOscoring in WISDO

nluca Degliesposti

rsity of Modena and Reggio Emilia

Molecular M
&

Drug D

refinement and 
M i t l iM virtual screenin

Modelling 

esign



otein Flexibility and Mo
Structure-Based Drug 

ally Structure-Based Drug Design w

ny targets show significant flexibility
t f id h i llrrangement of side-chains or small 

ti th d il bl f dctive methods are available for doc

wadays there are efforts to consider
gn approaches

approach is based on molecular dy

obility 
Design

was based on the “lock and key” mo

y upon ligand binding (e.g. local 
ti f l )motions of loops)

ki fl ibl li d i t i id tcking a flexible ligand into a rigid ta

r protein flexibility and mobility in dr

ynamics



y Molecular Dynamics

provide the “gold standard” when u
temstems

it th i lt i l tipermit the simultaneus simulation o

i l ti t k i tsimulations can take in account so

can be chosen to validate and refin
mpounds and rescore them using a 

these reasons MD can be chosen t
ked compounds and rescore themked compounds and rescore them 

s?

used to describe flexible biomolecu

f ith t t d/ li d fl ibof either target and/or ligands flexib

l t t ib ti t th tolvent contribution to the system en

ne the orientations of docked 
reliable scoring function

to validate and refine the orientatio
using a reliable scoring functionusing a reliable scoring function



w to refine and rescore do

Refinement and Rescoring procedu
s been designed and then validateds been designed and then validated

ultistep protocol:

Minimization of ligand-target comp

MD simulation of minimized compl

Minimization of complexes after M

Free energy of binding (∆Gbind ) eFree energy of binding (∆Gbind ) e
with MM-PBSA and/or MM-GBSA

cking complexes using M

ure based on MM/MD and MM-PBS
dd

plexes

exes

D

estimationestimation 

Ligand + Target Com

Ę Gbinding = Ę EMM + Ę Gsolv

ĘEMM = interaction energy in vacu



cedure in a virtual scre

Docked
i d Complex MM MDLigands

(.mol2)
Complex
Topology

MM
Input files

MD
Structure

Antechamber Leap Sander
(MM)

Sander
(MD)

Ligand
Topology

Target structure
and ligand

Minimized
Structure

MM
Input filep gy

Complex Preparation Complex RefiComplex Preparation Complex Refi

g
eening?

MMMM
Input files

Output
RMSD

Refined
 complexes

Sander
(MM) Ptraj MM-PBSA

MM-GBSA

Minimized
Structurees

Update of 3D
coordinates

Output Free
energy scoresgy

inement Output retrieving and Rescoringinement Output retrieving and Rescoring



-Refinement/Rescore 

get: Aldose reductase 

elli et al. Bioorganic & Medicinal Chemistry - 15, 20

get dose eductase

ands: 28 known inhibitors with meas
desdes

dicted free energy of binding show 

-PBSA estimated free energies of b

R2=0.80

Procedure Validation
007 (7865-7877)

sured activities and known binding 

good correlation with experimental

binding are the best correlating

R2=0.73



y
ractical example

• Target: pf-DH

• Ligands: ZINC

• Docking: Flex

• MD-Refineme

FR

C-DB

xX

ent



cking Results Analysis

mpounds ranking based 
docking energy scoredocking energy score

l i f i t tilysis of interactions 
ablished by each ligand 

aminoacids of pf-DHFR aminoacids of pf DHFR 
ding site

ection of a subset of 
mpounds to be refined 

g the MD-refinement 
cedure

s

DockingDocking 
Results

Anal sis of docking scores aAnalysis of docking scores a
interactions with key 

compoundscompounds

S b tS l tiSubsetSelection



cking energy evaluatio

lysis of Docking energy 
d of first million rankedd of first million ranked 

mpounds

lysis of Docking energy 
d with a cutoff of ~-8 Kcald with a cutoff of 8 Kcal 
-1

on



alysis of docked comp

alysis of hydrogen bond among kno
target target

R99210 establishes hydrogen bonds
4 and Ile1644 and Ile164 
ection of I14, D54, I164  as binding
dues and calculation of their relativ
ond with ligands
ond frequency were calculated usin

l hmula, where:
compound rank position
1 or 0 whether compound i interacp
dues

ai
n

∑

ound interactions 

own inhibitors 

s with Asp54, 

g site key 
ve frequency of q y

ng the following 

t or not with key y



drogen bond frequencyy analysis



Refinement preparati

ection of first 15.000 compounds fro

mpounds partial charges calculation

mpounds separated by total charge 

tial atomic charges calculated with 

ation of 300 packages containing 5

rage of created packages on SE

ting of input files

ion

om the docking scores ranked list

n

(Insight)

AM1-BCC (Antechamber)

50 compounds



alysis of MD Refineme

ranking of compounds according to
ee energy of bindingee energy of binding

l i f i t ti f i H Blysis of interaction  focusing on H-B
54, Ile14 and Ile164

ualisation of best scoring compound

Evaluation of mobility after MD

Evaluation of binding orientation, co

luation of rank position difference b
energy of binding ranked lists

ent Results

o MM-PBSA and evaluation 

B d li d dBond among ligands and 

ds

omparison with WR99210

between docking score and 



-PBSA Rescore Resu

Cyg

Pyr

ults



eraction frequencies affter MD-Refinement



ucture visualization an

mplexes of first 100 compounds we
alizedalized

mparison among WR99210 and commparison among WR99210 and com
ntations

lysis of compounds mobility from d
t refinement complexes

lysis of interactions with binding sit
duesdues

n part of compounds interact similap p
99210

nalysis

re 

mpound Asp54mpound Asp54
WR99210

Cmpd1docking to Cmpd1
Cmpd2

te 

arly to y

Ile14



alysis of rank position 

rix of compound rank position 
ations from docking to MMations from docking to MM-
SA

iti #MM PBSA #D kosition = #MM-PBSA  - #Dock

ults have been plotted  
i h d f MM PBSAowing the order of MM-PBSA 

ked list

rix was filled by column from 
to right starting at the bottom 

 values mean compounds on 
top of the MM PBSA list buttop of the MM-PBSA list but 

he bottom of the FlexX list

l th it

variations

Last co
inMM-PB

l



nclusions

ecular dynamics efficiently refined t

-PBSA rescoring permitted to estim
k d dked compounds

l i th MD fi t/ ilying the MD-refinement/rescoring 
overed from the tail of docking rank
d to the tail of MM-PBSA ranked lisd to the tail of MM PBSA ranked lis

resting molecules were retrieved amresting molecules were retrieved am
mpounds, and several of these will b

the orientation of docked compoun

mate the free energy of binding of th

d dprocedure, some compounds were
ked list, while others moved from th
stst

mong the first 100 best scoredmong the first 100 best scored 
be selected for in vitro activity assa



knowledgement 

SDOM Collaborators

rachart Sirawaraporn from Mahidol 

f. Giulio Rastelli

t. Miriam Sgobba

t. Anna Maria Ferrari 

m Università di Modena e Reggio Emm Università di Modena e Reggio Em

University (Thailand) for in-vitro tes

milia Italymilia, Italy




