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Virtual
Screening (VS)

Lead Lead 
toto

CandidateCandidate

Hit Hit 
to Leadto Lead

Screen Screen 
to Hitto Hit

Target
Structure Determination

Structure-based
Virtual Screening (SBVS)

HT Molecular Docking

Ligand-based
Virtual Screening (LBVS)

Similarity search
Pharmacophore matching

herehere wewe areare againagain::herehere wewe areare againagain::
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PharmacophorePharmacophore definitiondefinition::PharmacophorePharmacophore definitiondefinition::

A ''pharmacophore'' is a three-dimensional
substructure of a molecule that carries (''phoros'')
the essential features responsible for a drug's
(''pharmacon'') biological activity. Alternatively
described as an ensemble of interactive functional
groups with a defined geometry. Basically, one tries
to talk the protein language by finding the
"structural and chemical complementaries"
(pharmacophore hypothesis) to target receptors.
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… a quick refresh: what is … a quick refresh: what is 
the goal of  every SAR study?the goal of  every SAR study?

… a quick refresh: what is … a quick refresh: what is 
the goal of  every SAR study?the goal of  every SAR study?

The generation of  The generation of  
pharmacophoric hypothesis pharmacophoric hypothesis 

(models)!!!!(models)!!!!

The generation of  The generation of  
pharmacophoric hypothesis pharmacophoric hypothesis 

(models)!!!!(models)!!!!
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x

y

z

N

N

NH3H
+

C

A

D

thethe shadowshadow ofof thethe realityreality::thethe shadowshadow ofof thethe realityreality::
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PharmacophorePharmacophore definitiondefinition::
11.. conformationalconformational selectionselection
PharmacophorePharmacophore definitiondefinition::
11.. conformationalconformational selectionselection

X-ray info Docking X-ray info Conformational
Analysis

Rigid active
analogs

Ligand-Target
3D info

Ligand 3D info
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StabilityStability asas aa measuremeasure ofof thethe
geometricalgeometrical deformabilitydeformability ofof anan objectobject;;

RigidityRigidity asas aa measuremeasure ofof thethe reductionreduction
degreedegree ofof thethe geometricalgeometrical deformabilitydeformability
ofof anan objectobject..

TwoTwo veryvery interestinginteresting conceptsconcepts::TwoTwo veryvery interestinginteresting conceptsconcepts::
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AnAn easyeasy wayway toto determinedetermine molecularmolecular
rigidityrigidity::
AnAn easyeasy wayway toto determinedetermine molecularmolecular
rigidityrigidity::

A rotatable bond is defined as any single
non-ring bond, attached to a non-terminal,
non-hydrogen atom. Amide C-N bonds are not
counted because of their high barrier to rotation.

… and it is easily countable!!!
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AA goldengolden rulerule inin pharmacophorepharmacophore
depictiondepiction::
AA goldengolden rulerule inin pharmacophorepharmacophore
depictiondepiction::

Among all the active compounds 
always choose the more rigid!
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OH OHO

H
N

CH3

x

y

z

TheThe magicmagic behaviorbehavior ofof cyclizationcyclization::TheThe magicmagic behaviorbehavior ofof cyclizationcyclization::
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PharmacophorePharmacophore definitiondefinition::
22.. PharmacophoricPharmacophoric keyskeys selectionsselections
PharmacophorePharmacophore definitiondefinition::
22.. PharmacophoricPharmacophoric keyskeys selectionsselections

x

y

z

N

N

NH3H
+

C

A

D
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FirstFirst ofof allall…… let’slet’s convert!convert!FirstFirst ofof allall…… let’slet’s convert!convert!

N

N

NH3H
+
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How?How? ButBut learninglearning fromfrom crystallographer,crystallographer, ofof

course!course!

How?How? ButBut learninglearning fromfrom crystallographer,crystallographer, ofof

course!course!

11.. FromFrom whatwhat wewe observe,observe, wewe learnlearn..

ATOMATOM
HH
NN
CC

ATOMATOM--TYPETYPE
HN+HN+
HCHC

HC5AHC5A
N+N+

N5AN5A
N5N5
CC

C5AC5A

HHHH

HHNN

CC
NN

NN

CCCC

HH

HH

HH

HH

CC

CC

HHHH

HN+HN+HN+HN+

HN+HN+N+N+

CC55AA
NN55

NN55AA

CCCC

HCHC

HCHC55AA

HNHN55

HCHC55AA

CC55AA

CC55AA

HCHCHCHC
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DISTANCES (Å):DISTANCES (Å):
HN+ HN+ -- N+ = 1.03N+ = 1.03

HC HC –– C = 1.10C = 1.10
HC5A HC5A –– C5A = 1.08C5A = 1.08

HN5 HN5 –– N5 = 1.01N5 = 1.01
N+ N+ -- C = 1.46C = 1.46
C C –– C = 1.52C = 1.52

C C –– C5A = 1.51C5A = 1.51
C5A C5A –– C5A = 1.38C5A = 1.38
C5A C5A –– N5A = 1.35N5A = 1.35
C5A C5A –– N5 = 1.35N5 = 1.35

HN+HN+HN+HN+

HN+HN+N+N+

CC55AA
NN55

NN55AA

CCCC

HCHC

HCHC55AA

HNHN55

HCHC55AA

CC55AA

CC55AA

HCHCHCHC

11.. FromFrom whatwhat wewe observe,observe, wewe learnlearn..
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ANGLES (ANGLES (°°):):
HN+ HN+ -- N+ N+ -- HN+ = 107.1HN+ = 107.1

HN+ HN+ -- N+ N+ -- C = 111.8C = 111.8
HC HC -- C C -- N+ = 108.2N+ = 108.2
HC HC -- C C -- C = 111.4C = 111.4

C C -- C C -- C5A = 111.5C5A = 111.5
C C -- C5A C5A -- C5A = 126.2C5A = 126.2

C5A C5A -- C5A C5A -- HC5A = 130.5HC5A = 130.5
C5A C5A -- C5A C5A -- N5 = 107.2N5 = 107.2
C5A C5A -- N5 N5 -- C5A = 108.5C5A = 108.5
N5 N5 -- C5A C5A -- N5A = 108.7N5A = 108.7

HN+HN+HN+HN+

HN+HN+N+N+

CC55AA
NN55

NN55AA

CCCC

HCHC

HCHC55AA

HNHN55

HCHC55AA

CC55AA

CC55AA

HCHCHCHC

11.. FromFrom whatwhat wewe observe,observe, wewe learnlearn..
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22.. …… andand onesones learned,learned, wewe cancan repeat!repeat!

N

N

NH3H
+

ATOMATOM-- TYPESTYPES
GEOMETRIC PROPERTIES GEOMETRIC PROPERTIES 

TABLETABLE

it will be a good conformation?it will be a good conformation?
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PharmacophorePharmacophore definitiondefinition::
22.. PharmacophoricPharmacophoric keyskeys selectionsselections
PharmacophorePharmacophore definitiondefinition::
22.. PharmacophoricPharmacophoric keyskeys selectionsselections

F1 AccF1 Acc
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PharmacophorePharmacophore definitiondefinition::
33.. InteractionInteraction triangletriangle
PharmacophorePharmacophore definitiondefinition::
33.. InteractionInteraction triangletriangle

F1 Acc

C

D

A
d2
→

d3
→

d1
→ d1

→
= 4.3 Å

d2
→

= 5.9 Å

d3
→ = 2.2 Å

F1 Acc
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O

O

NH2

O

R-NH3
+

charge-charge interaction (ionic bond): -G0  5 ÷ 10
charge-dipole interaction: -G0  1 ÷ 7
charge-interaction: -G0  8 ÷ 10

R-OH

hydrogen bond: -G0  1 ÷ 7

(kcal/mol)

charge transfer interaction: -G0  1 ÷ 6

R

-interaction: -G0  1 ÷ 2

-CH2-

H H

dipole-dipole interaction (van der Waals): -G0  0.5 ÷ 1

DoDo youyou rememberremember……DoDo youyou rememberremember……
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PharmacophorePharmacophore definitiondefinition::
44.. FromFrom structuralstructural keykey toto pharmacophoricpharmacophoric keykey
PharmacophorePharmacophore definitiondefinition::
44.. FromFrom structuralstructural keykey toto pharmacophoricpharmacophoric keykey

1 1 0 0 1 0 0 0

Ar Ac H D A A A H

OH

O
Ar

OH O
NH2 O S

O

O

O

OH

Ar = aromatic
Ac = acid
H = hydrophobic
D = H-bonding donor
A = H-bonding acceptor
C = cation
An = anion
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C

D

A

C

D

A

AnyAny pharmacophoricpharmacophoric triangletriangle cancan bebe describeddescribed asas aa threethree characterscharacters
stringstring:: ACDACD
ForFor anyany triangletriangle wewe calcal calculatedcalculated numericalnumerical descriptorsdescriptors:: perimeter,perimeter,
sidessides lengthlength..
AnyAny polygonspolygons cancan bebe subdividedsubdivided intointo aa sumsum ofof trianglestriangles::

A

TheThe triangletriangle sagasaga ::TheThe triangletriangle sagasaga ::
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HereHere isis anotheranother interestinginteresting 33DD11DD
chemicalchemical representationrepresentation transformationtransformation!!
HereHere isis anotheranother interestinginteresting 33DD11DD
chemicalchemical representationrepresentation transformationtransformation!!

C

D

A
d2
→

d3
→

d1
→

F1 Acc ACDACD 462462 1212

33DD 22DD 11DD
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PharmacophorePharmacophore definitiondefinition::
55.. GeometricGeometric hashinghashing schemescheme
PharmacophorePharmacophore definitiondefinition::
55.. GeometricGeometric hashinghashing schemescheme
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WhatWhat wewe needneed forfor aa goodgood fishing?fishing?WhatWhat wewe needneed forfor aa goodgood fishing?fishing?

 generation of a collection of good
conformers for each chemicals;

 generation of all plausible
pharmacophoric hypothesis;

 generation of all possible
pharmacophoric triangles;

 generation of all possible
pharmacophoric strings.
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aa bitbit ofof combinatorialcombinatorial calculuscalculus::

HypothesisHypothesis:: considerconsider aa pharmacophoricpharmacophoric modelmodel withwith
threethree plausibleplausible 'features''features' (interactors)(interactors) howhow manymany
pharmacophoricpharmacophoric trianglestriangles cancan bebe generated?generated?

C

D

A

ThisThis isis aa ““simplesimple dispositiondisposition ––
withoutwithout repetitions)repetitions) ”” ofof nn elementselements
groupedgrouped kk perper timetime::

6
)!33(

!3
)!(

!
3,3 







kn
nC



M
M S Confidential and Property of ©2005 Molecular Modeling Section 

Dept. Pharmaceutical and Pharmacological Sciences – University of Padova - Italy S. MORO – PSF – 2018/2019

NowNow isis easiereasier::

24
34

4
34 
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A
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35
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35 
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!
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!
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D

A
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D

aa bitbit ofof combinatorialcombinatorial calculuscalculus::



M
M S Confidential and Property of ©2005 Molecular Modeling Section 

Dept. Pharmaceutical and Pharmacological Sciences – University of Padova - Italy S. MORO – PSF – 2018/2019

PharmacophorePharmacophore definitiondefinition::
55.. GeometricGeometric hashinghashing schemescheme
PharmacophorePharmacophore definitiondefinition::
55.. GeometricGeometric hashinghashing schemescheme
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HereHere isis aa possiblepossible workwork--flowflow::HereHere isis aa possiblepossible workwork--flowflow::

Virtual
Screening (VS)

Screen Screen 
to Hitto Hit

Ligand-based
Virtual Screening (LBVS)

Similarity search
Pharmacophore matching
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N

N

NH3H
+

000011111001010101010000011111001010101010

BABA
BA

solosolo 


HereHere isis aa possiblepossible workwork--flowflow::HereHere isis aa possiblepossible workwork--flowflow::
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TheThe realreal dramadrama ofof pharmacophorepharmacophore fishingfishing::TheThe realreal dramadrama ofof pharmacophorepharmacophore fishingfishing::

This fishing is inevitably rich This fishing is inevitably rich 
of  false positives!!!of  false positives!!!

GenerallyGenerally speaking,speaking, therethere maymay bebe manymany
compoundscompounds thatthat havehave aa commoncommon
pharmacophoricpharmacophoric hypothesishypothesis but,but, atat thethe levellevel
ofof theirtheir recognitionrecognition site,site, theythey missmiss thethe properproper
topologicaltopological complementaritycomplementarity (shape(shape andand
volume)volume)..
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TheThe realreal dramadrama ofof pharmacophorepharmacophore fishingfishing::TheThe realreal dramadrama ofof pharmacophorepharmacophore fishingfishing::

This fishing is inevitably rich This fishing is inevitably rich 
of  false positives!!!of  false positives!!!

F
1

 A
c

c
interactionsinteractions shape/volumeshape/volume

interactionsinteractions shape/volumeshape/volume
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…… andand ifif II dealdeal withwith moremore thanthan ONEONE
pharmacophorepharmacophore hypothesis?hypothesis?
…… andand ifif II dealdeal withwith moremore thanthan ONEONE
pharmacophorepharmacophore hypothesis?hypothesis?

N

N

H

NH3+

do you remember this equilibrium?

C

D

A

N

N

NH3+
H

D
C

A
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MyMy warmwarm suggestionsuggestion isis toto buildbuild upup moremore thatthat
ONEONE pharmacophorepharmacophore hypothesis!hypothesis!
MyMy warmwarm suggestionsuggestion isis toto buildbuild upup moremore thatthat
ONEONE pharmacophorepharmacophore hypothesis!hypothesis!

N

N

H

NH3+

N

N

NH3+
H
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WhatWhat wewe areare stillstill orphansorphans::WhatWhat wewe areare stillstill orphansorphans::

•• VirtualizeVirtualize molecularmolecular topologytopology (shape(shape andand volume)volume);;

••VirtualizeVirtualize thethe generationgeneration ofof alternativealternative
conformersconformers;;

••VirtualizeVirtualize thethe evaluationevaluation ofof thethe stabilitystability ofof eacheach
conformerconformer..
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“Progettazione e Sviluppo
di un Farmaco”

Stefano Moro

Chimica e Tecnologia 
Farmaceutiche
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N

N

NH2H

EdEd eccoecco un’altraun’altra interessanteinteressante applicazione!applicazione!
ImmaginiamoImmaginiamo cheche::
EdEd eccoecco un’altraun’altra interessanteinteressante applicazione!applicazione!
ImmaginiamoImmaginiamo cheche::

N

N
Cl

H

N

O

N
CH3VUFVUF--60026002



M
M S Confidential and Property of ©2005 Molecular Modeling Section 

Dept. Pharmaceutical and Pharmacological Sciences – University of Padova - Italy S. MORO – PSF – 2018/2019

Sovrapponiamo?Sovrapponiamo?Sovrapponiamo?Sovrapponiamo?

IdentifichiamoIdentifichiamo gligli interattoriinterattori
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IdentifichiamoIdentifichiamo ii triangolitriangoli farmacoforicifarmacoforici
IdentifichiamoIdentifichiamo lele distanzedistanze dada “minimizzare”“minimizzare”
Minimizziamo!Minimizziamo!
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UniformiamoUniformiamo ilil sistemasistema didi riferimentoriferimento
RotoRoto--trasliamotrasliamo affinchèaffinchè lele distanzedistanze farmacoforichefarmacoforiche
hannohanno raggiuntoraggiunto ilil loroloro minimominimo didi intensitàintensità
Sovrapposto!!!Sovrapposto!!!
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N

N

H

NH3+

Sareste in grado di proporre un ragionevole modello
farmacoforico per la struttura molecolare qui sotto riportata?

Provocazione n. 1 :
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N

N

H

NH3+

Donatore

Donatore

Accettore
C

D

A

… beh, proviamo a definirlo?

C

D

A

Ipotesi di farmacoforo:

d3
→ d2

→

d1
→
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N

N

H

NH3+

ci ricordiamo dell’equilibrio tautomerico?!?!

… siamo proprio sicuri?

C

D

A

N

N

NH3+
H

D
C

A

ed il farmacoforo allora?
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N

N

H

NH3+

… siamo tranquilli?

C

D

A

N

N

H

NH3+

C

D

A

ci ricordiamo dell’equilibrio conformazionale?!?!

e quindi?
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N

N

H

NH3+

… ma quanti farmacofori abbiamo?

C

D

A

N

N

H

NH3+ C

D

A

Equilibrio
conformazionale

N

N

NH3+
HD

C

A

Equilibrio
tautomerico

Equilibrio
conformazionale

Equilibrio
tautomerico

N

N NH3+
H D

C

A
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… capito il problema, però?

N

N

H

NH3+

2D

C

D

A

Ipotesi di farmacoforo:

d3
→ d2

→

d1
→

3D


