
NowNow youyou understandunderstand howhow crucialcrucial isis thethe 33DD
representationrepresentation ofof aa molecularmolecular structurestructure::
NowNow youyou understandunderstand howhow crucialcrucial isis thethe 33DD
representationrepresentation ofof aa molecularmolecular structurestructure::

N

NH3H

+
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…… andand speciallyspecially thisthis oneone::…… andand speciallyspecially thisthis oneone::
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…… andand thisthis isis ourour favoritefavorite huntinghunting
place!place!

www.rcsb.orgwww.rcsb.org
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MyMy bestbest friendsfriends……MyMy bestbest friendsfriends……

XX--RayRay
CrystallographyCrystallography

NMRNMR
SpectroscopySpectroscopy

Comparative/HomologyComparative/Homology
ModelingModeling
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xx



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

ATOMATOM--TYPETYPE
HN+HN+
HCHC

HHHH

NNCC

HH

HH

HN+HN+HN+HN+

N+N+CC

HCHC

HCHC55AA
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NN
CC

HCHC
HC5AHC5A

N+N+
N5AN5A
N5N5
CC

C5AC5A

HHNN

CC
NN

NN

CCCC
HH

HH

HH

CC

CC

HHHH

HN+HN+N+N+

CC55AA
NN55

NN55AA

CCCC
HCHC55AA

HNHN55

HCHC55AA

CC55AA

CC55AA

HCHCHCHC



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

HC HC –– C = 1.10C = 1.10

HN+HN+HN+HN+

N+N+CC

HCHC

HCHC55AA

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

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

Dept. Pharmaceutical and Pharmacological Sciences –University of Padova - Italy S. MORO – PSF – 2016/2017

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+N+N+

CC55AA
NN55

NN55AA

CCCC
HCHC55AA

HNHN55

HCHC55AA

CC55AA

CC55AA

HCHCHCHC



ANGLES (ANGLES (°°):):
HN+ HN+ -- N+ N+ -- HN+ = 107.1HN+ = 107.1

HN+ HN+ -- N+ N+ -- C = 111.8C = 111.8

HN+HN+HN+HN+

CC

HCHC

HCHC55AA

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

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

Dept. Pharmaceutical and Pharmacological Sciences –University of Padova - Italy S. MORO – PSF – 2016/2017

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+N+N+

CC55AA
NN55

NN55AA

CCCC
HCHC55AA

HNHN55

HCHC55AA

CC55AA

CC55AA

HCHCHCHC



22.. …… andand onesones learned,learned, wewe cancan repeat!repeat!

N

N

NH3H

+

ATOMATOM-- TYPESTYPES
GEOMETRIC PROPERTIES GEOMETRIC PROPERTIES 

TABLETABLE
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N
TABLETABLE

it will be a good conformation?it will be a good conformation?



aa simplesimple MMSMMS tooltool……aa simplesimple MMSMMS tooltool……

http://mms.dsfarm.unipd.it/VirtualLab/LigandBuilder.php
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Exploring conformational space…Exploring conformational space…Exploring conformational space…Exploring conformational space…
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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

M
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conformersconformers;;

••VirtualizeVirtualize thethe evaluationevaluation ofof thethe stabilitystability ofof eacheach
conformerconformer..



WhyWhy wewe needneed it?it?WhyWhy wewe needneed it?it?

•• IdentificationIdentification ofof mostmost probableprobable 33DD arrangementsarrangements
ofof aa moleculemolecule inin aa gasgas oror solutionsolution phasephase;;

•• SeveralSeveral chemicalchemical propertiesproperties isis conformationconformation--
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•• SeveralSeveral chemicalchemical propertiesproperties isis conformationconformation--
dependentdependent;;

•• AnyAny kindkind ofof complementaritycomplementarity (topological,(topological,
interactiveinteractive……)) isis conformationconformation dependentdependent..



StabilityStability asas aa measuremeasure ofof thethe
geometricalgeometrical deformabilitydeformability ofof anan objectobject;;

DoDo youyou rememberremember thesethese twotwo conceptsconcepts::DoDo youyou rememberremember thesethese twotwo conceptsconcepts::
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RigidityRigidity asas aa measuremeasure ofof thethe reductionreduction
degreedegree ofof thethe geometricalgeometrical deformabilitydeformability
ofof anan objectobject..



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.
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counted because of their high barrier to rotation.

… and it is easily countable!!!



JustJust countcount itit::JustJust countcount itit::

OH

N

H

CH3O

OH

N

H

CH3O
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6
CH3CH3



StabilityStability asas aa measuremeasure ofof thethe
geometricalgeometrical deformabilitydeformability ofof anan objectobject;;

DoDo youyou rememberremember thesethese twotwo conceptsconcepts::DoDo youyou rememberremember thesethese twotwo conceptsconcepts::
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RigidityRigidity asas aa measuremeasure ofof thethe reductionreduction
degreedegree ofof thethe geometricalgeometrical deformabilitydeformability
ofof anan objectobject..



FewFew fundamentalfundamental conceptsconcepts::FewFew fundamentalfundamental conceptsconcepts::

θθ

8.0

12.0

16.0

20.0

inin
st

a
b

ili
ty

st
a

b
ili

ty
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0.0

4.0

0 90 180 270 360

θ  θ  
Conformers:
Structures differing only by rotation around one or more
rotatable bonds.



FewFew fundamentalfundamental conceptsconcepts::FewFew fundamentalfundamental conceptsconcepts::

8.0

12.0

16.0

20.0

inin
st

a
b

ili
ty

st
a

b
ili

ty

Transition state

Type

Minimum 
Maximum

1st Derivative

0
0

2nd Derivative

positive
negative
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0.0

4.0

0 90 180 270 360

θ  θ  

inin

Global minimum

Local minimum



For a molecular system with N rotatable bonds, 
there are 3N potential minima.

0.0

2.0

4.0

6.0

8.0

10.0

12.0

0.0 90.0 180.0 270.0 360.0

H-C-C-H

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

0.0 90.0 180.0 270.0 360.0

H-C-C-C
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H-C-C-H

0.0

4.0

8.0

12.0

16.0

20.0

0.0 90.0 180.0 270.0 360.0

C-C-C-C

ethaneethane propanepropane

butanebutaneN = 1



For a molecular system with N rotatable bonds, 
there are 3N potential minima.

θθ
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N = 2

φφ

φφ
θθ



For a molecular system with N rotatable bonds, 
there are 3N potential minima.

φφ

θθ

M
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N = 3

γγ



HowHow wewe cancan exploreexplore
conformationalconformational spacesspaces::
HowHow wewe cancan exploreexplore
conformationalconformational spacesspaces::

C

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

Dept. Pharmaceutical and Pharmacological Sciences –University of Padova - Italy S. MORO – PSF – 2016/2017

A

B
C



HowHow wewe cancan exploreexplore
conformationalconformational spacesspaces::
HowHow wewe cancan exploreexplore
conformationalconformational spacesspaces::

11.. FollowingFollowing timetime evolutionevolution ofof aa chemicalchemical
structurestructure (molecular(molecular dynamics)dynamics);;

22.. GeometricalGeometrical mappingmapping ofof thethe conformationalconformational

M
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22.. GeometricalGeometrical mappingmapping ofof thethe conformationalconformational
spacespace..

Systematic analysis;Systematic analysis;
Stochastic methods  (Random Search);Stochastic methods  (Random Search);
Genetic algorithms;Genetic algorithms;
Distance Geometry method.Distance Geometry method.



LetsLets startstart withwith thethe systematicsystematic analysisanalysis::LetsLets startstart withwith thethe systematicsystematic analysisanalysis::

B C
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A



AlgorithmicallyAlgorithmically isis veryvery clearclear……AlgorithmicallyAlgorithmically isis veryvery clearclear……

θ For a randomly chosen dihedral angle,
systematically rotate about that bond in
discrete angular increments.

360
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θ
360=confn



IfIf wewe havehave aa measuremeasure ofof structurestructure stabilitystability::IfIf wewe havehave aa measuremeasure ofof structurestructure stabilitystability::

stability equation

θ
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ButBut wewe havehave aa veryvery severesevere limitationlimitation……ButBut wewe havehave aa veryvery severesevere limitationlimitation……

For a combinations of dihedral angles:

∏=
θ

360
confn

Rotatable
bonds θ nconf time

M
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This phenomena is named COMBINATORIAL
EXPLOSION.

bonds

3 30 1728 …

5 30 248832 …

7 30 36x106 …



ButBut wewe havehave aa veryvery severesevere limitationlimitation……ButBut wewe havehave aa veryvery severesevere limitationlimitation……
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AfterAfter systematicsystematic analysis,analysis, stochasticstochastic……AfterAfter systematicsystematic analysis,analysis, stochasticstochastic……

θ

n θ n θ
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0 30

1 60

2 90

… …

12 360

0 72

1 312

2 129

… …

12 17



B C
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A



12.0

16.0

20.0

st
a

b
ili

ty
st

a
b

ili
ty

MinimizationMinimization…… aa clearclear conceptconcept..MinimizationMinimization…… aa clearclear conceptconcept..

0<
∆
∆

θ
E
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0.0

4.0

8.0

0 90 180 270 360

θ  θ  
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a
b
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ty

st
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b
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ty

0=
∆
∆

θ
E

… like systematic search!



Monte Carlo Single Minimum
(Li & Scheraga PNAS, 84, 6611, 1987) 

Minimize input structure

Perturb input structure through a 
random torsional change
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Apply Metropolis test:

Enew <  Eold

Set current 
structure as 

input 
structure

YesNo

Minimize resulting structure



Typically, Stochastic Search is good at locating most of the local
minima of flexible (15-20 rotatable bonds) molecules, including
ring conformations and invertible tetrahedral centers (like tertiary
nitrogens).

However, a large number of samples may be required to
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However, a large number of samples may be required to
adequately search the conformation space of flexible molecules.

Stochastic Search is generally not the most efficient method for
generating conformations because, like Systematic Search, it
spends most of its time refining conformations that are far from
the global minimum and that will ultimately be rejected.

Stochastic Search is NOT able to locate transition states… by
definition!



TabuTabu searchsearch…… don’tdon’t jumpjump wherewhere youyou alreadyalready
jumped!jumped!
TabuTabu searchsearch…… don’tdon’t jumpjump wherewhere youyou alreadyalready
jumped!jumped!

θ

n θ
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0 72

1 312

2 129

… …

12 17

Save θ value and skip, the
next time, if the value is θ ±
∆θ!!!



ButBut wewe stillstill havehave aa veryvery severesevere limitationlimitation……ButBut wewe stillstill havehave aa veryvery severesevere limitationlimitation……
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AndAnd now,now, II wouldwould likelike toto introduceintroduce youyou JohnJohn
HollandHolland::
AndAnd now,now, II wouldwould likelike toto introduceintroduce youyou JohnJohn
HollandHolland::
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…… consideredconsidered thethe fatherfather ofof geneticgenetic algorithmsalgorithms..…… consideredconsidered thethe fatherfather ofof geneticgenetic algorithmsalgorithms..

University of  Michigan (USA) - 1970



AA briefbrief overviewoverview::AA briefbrief overviewoverview::

Genetic Algorithms (GAs) are heuristic search
algorithms premised on the evolutionary ideas of
natural selection and genetic.
The basic concept of GAs is designed to simulate
processes in natural system necessary for
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processes in natural system necessary for
evolution, specifically those that follow the
principles first laid down by Charles Darwin of
survival of the fittest.
As such they represent an intelligent exploitation of
a random search within a defined search space to
solve a problem.



HereHere isis thethe basisbasis ideaidea inin conformerconformer
searchingsearching::
HereHere isis thethe basisbasis ideaidea inin conformerconformer
searchingsearching::

φφ

θθ
θ φ γ

0 01001 01001 01001

30 00101 00101 00101
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φφ

γγ

30 00101 00101 00101

60 10001 10001 10001

… … … …

360 01010 01010 01010



HereHere isis thethe basisbasis ideaidea inin conformerconformer
searchingsearching::
HereHere isis thethe basisbasis ideaidea inin conformerconformer
searchingsearching::

θ φ γ

0 01001 01001 01001

30 00101 00101 00101

GENEGENE

CHROMOSOMECHROMOSOME
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30 00101 00101 00101

60 10001 10001 10001

… … … …

360 01010 01010 01010

CHROMOSOMECHROMOSOME



STEPSTEP 11:: randomlyrandomly generategenerate anan initialinitial
populationpopulation…… ofof conformersconformers
STEPSTEP 11:: randomlyrandomly generategenerate anan initialinitial
populationpopulation…… ofof conformersconformers

CHROMOSOME θ φ γ

1 01001 10001 01010

2 10001 00101 00101
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2 10001 00101 00101

3 01010 01010 10001

… … … …

n 01010 01010 01001



EvolutionaryEvolutionary operatorsoperators:: thethe rulesrules ofof

evolutionevolution..

EvolutionaryEvolutionary operatorsoperators:: thethe rulesrules ofof

evolutionevolution..

1. REPRODUCTION (selection probability);1. REPRODUCTION (selection probability);

2. RECOMBINATION (cross2. RECOMBINATION (cross--over);over);

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

Dept. Pharmaceutical and Pharmacological Sciences –University of Padova - Italy S. MORO – PSF – 2016/2017

3. MUTATION3. MUTATION



STEPSTEP 22:: computecompute andand savesave thethe fitnessfitness forfor

eacheach individualindividual inin thethe currentcurrent populationpopulation

STEPSTEP 22:: computecompute andand savesave thethe fitnessfitness forfor

eacheach individualindividual inin thethe currentcurrent populationpopulation

CHROMOSOME θ φ γ FITNESS

1 01001 10001 01010 E1

2 10001 00101 00101 E
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2 10001 00101 00101 E2

3 01010 01010 10001 E3

… … … … …

n 01010 01010 01001 E4



STEPSTEP 33:: definedefine selectionselection probabilitiesprobabilities forfor
eacheach individualindividual proportionalproportional toto fitnessfitness
STEPSTEP 33:: definedefine selectionselection probabilitiesprobabilities forfor
eacheach individualindividual proportionalproportional toto fitnessfitness
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Chromosome 1:
01001 00101 10001 01010

Chromosome 2:
01001 00101 10001 11011

Chromosome 3:
01001 00101 10001 01011

FITNESSFITNESS

E2 = -30 kcalmol E 3 = -15 kcalmolE1 = 5 kcalmol

REPRODUCTION OPERATOR

x 1 x 5 x 3

Initial population

New generation
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Chromosome 1:
01001 00101 10001 01010

x 1 Chromosome 2:
01001 00101 10001 11011

Chromosome 2: 
01001 00101 10001 11011

Chromosome 2: 
01001 00101 10001 11011

Chromosome 2: 
01001 00101 10001 11011

Chromosome 2: 
01001 00101 10001 11011

x 5 Chromosome 3: 
01001 00101 10001 01011

Chromosome 3: 
01001 00101 10001 01011

Chromosome 3:
01001 00101 10001 01011

x 3



STEPSTEP 44:: GenerateGenerate newnew generationsgenerations byby
probabilisticallyprobabilistically selectingselecting individualsindividuals fromfrom
thethe initialinitial oneone toto produceproduce offspringoffspring viavia

geneticgenetic operatorsoperators

STEPSTEP 44:: GenerateGenerate newnew generationsgenerations byby
probabilisticallyprobabilistically selectingselecting individualsindividuals fromfrom
thethe initialinitial oneone toto produceproduce offspringoffspring viavia

geneticgenetic operatorsoperators
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Chromosome 1:
01101 10101 10111 01010

Chromosome 2:
01001 00101 10001 11011

Initial population

CROSSCROSS--OVER OPERATOROVER OPERATOR

CROSSOVER OPERATOR

Chromosome 3:
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New population

Chromosome 3:
01101 10101 10001 11011

Chromosome 4:
01101 00101 10001 11010

Chromosome 5: 
01101 10101 10111 11010

FITNESSFITNESS

E Chromosome nE Chromosome n



MUTATION OPERATORMUTATION OPERATOR

Chromosome 1:
01101 10101 10111 01010

Initial population

MUTATION OPERATOR

Chromosome 2:
01001 10101 10111 01010

Chromosome 3:
01001 10100 10111 01010

Chromosome 4:
01001 10101 10111 01011

New population
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01001 10101 10111 01010 01001 10100 10111 01010 01001 10101 10111 01011

FITNESSFITNESS

NB: mutation operator is usually applied with low frequency and often in the
early stage of evolution of the initial population. In fact, it is easily
understandable that mutation operator can drastically change the fitness of the
individual during its evolution.

E Chromosome nE Chromosome n



STEPSTEP 55:: repeatrepeat stepstep 22 untiluntil satisfyingsatisfying solutionsolution
isis obtainedobtained..
STEPSTEP 55:: repeatrepeat stepstep 22 untiluntil satisfyingsatisfying solutionsolution
isis obtainedobtained..

Though it might not find the best
solution. More often than not, it would
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come up with a partially optimal
solution.



ButBut wewe stillstill havehave aa veryvery severesevere limitationlimitation……ButBut wewe stillstill havehave aa veryvery severesevere limitationlimitation……
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“Progettazione e Sviluppo
di un Farmaco”
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