
WeWe lovelove SilvioSilvio butbut,, pragmaticallypragmatically,, wewe preferprefer……WeWe lovelove SilvioSilvio butbut,, pragmaticallypragmatically,, wewe preferprefer……

3D3D
y

x

X-Ray
Crystallography

NMR
Spectroscopy

Comparative/Homology
Modeling

…
ATOM    756  CD2 LEU B  22      31.236 -29.774  -8. 020  
ATOM    757  N   TRP B  23      27.477 -25.871  -8. 251  
ATOM    758  CA  TRP B  23      27.021 -24.553  -7. 803  
ATOM    759  C   TRP B  23      25.532 -24.284  -8. 011  
ATOM    760  O   TRP B  23      24.919 -23.498  -7. 297  
ATOM    761  CB  TRP B  23      27.892 -23.448  -8. 451  
ATOM    762  CG  TRP B  23      27.585 - 22.055  - 8.009  
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z

x

Cryo-
Electron Microscopy

(Cryo-EM)

ATOM    762  CG  TRP B  23      27.585 - 22.055  - 8.009  
ATOM    763  CD1 TRP B  23      26.730 -21.178  -8. 613  
ATOM    764  CD2 TRP B  23      28.090 -21.382  -6. 842  
ATOM    765  NE1 TRP B  23      26.659 -20.002  -7. 892  
ATOM    766  CE2 TRP B  23      27.478 -20.101  -6. 799  
ATOM    767  CE3 TRP B  23      28.990 -21.731  -5. 830  
ATOM    768  CZ2 TRP B  23      27.738 -19.177  -5. 784  
ATOM    769  CZ3 TRP B  23      29.251 -20.809  -4. 825  
ATOM    770  CH2 TRP B  23      28.623 -19.548  -4. 812  
ATOM    771  N   LYS B  24      24.939 -24.930  -8. 991  
…



CryoCryo--EMEM:: thethe futurefuture ofof structuralstructural
biochemistrybiochemistry isis todaytoday!!
CryoCryo--EMEM:: thethe futurefuture ofof structuralstructural
biochemistrybiochemistry isis todaytoday!!
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credits: https://www.youtube.com/watch?v=BJKkC0W-6Qk



WeWe areare coordinatescoordinates hunters!hunters!
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…… andand thisthis isis ourour favoritefavorite huntinghunting
place!place!

www.rcsb.orgwww.rcsb.org
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PDBPDB…… inin numbersnumbers::
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Data cellected: May 2019



PDBPDB…… inin numbersnumbers::
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Data cellected: May 2019



PDBPDB…… inin numbersnumbers::

X-Ray
Crystallography
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Data cellected: May 2019

Cryo-
Electron Microscopy

(Cryo-EM)



CanCan youyou understandunderstand whywhy pharmapharma
companiescompanies areare veryvery interestedinterested toto
structuralstructural biology/biochemistry?biology/biochemistry?

S. MORO – Biomodeling BiotechM
M S Confidential and Property of ©2005 Molecular Modeling Section 

Dept. Pharmaceutical and Pharmacological Sciences –University of Padova - Italy

19 March 2015



From 3D coordinates to From 3D coordinates to 
molecular surfacemolecular surface

From 3D coordinates to From 3D coordinates to 
molecular surfacemolecular surface
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HowHow wewe cancan start?start?

Protein Kinase CK2
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TheThe magicmagic wordword ofof PDBlandPDBland....
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TheThe magicmagic wordword ofof PDBlandPDBland....
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WhatWhat isis 22QCQC66 (PDB)(PDB) file?file?
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WhatWhat isis 22QCQC66 (PDB)(PDB) file?file?
x          y           z

B-factor Atom natureAtom type
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WhatWhat isis 22QCQC66 (PDB)(PDB) file?file?
x          y           z

B-factor Atom natureAtom type
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CanCan wewe representrepresent 22QCQC66 (PDB)(PDB) data?data?
x          y           z

B-factor Atom natureAtom type
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xx

zz

C (x, y, z)C (x, y, z)

II wouldwould likelike toto bebe veryvery honesthonest withwith you!you!
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WhatWhat cancan wewe easilyeasily measuremeasure inin aa 33DD
CartesianCartesian space?space?

A
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222 )21()21()21( ZZYYXXAB −+−+−=

B



xx

zz

C (x, y, z)C (x, y, z)
c

c

1.54 Å
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ThereThere areare somesome interestinginteresting geometricalgeometrical
regularityregularity insideinside ourour polimerpolimer::
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x

z ALPHA

BETA

RANDOM
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ThisThis isis justjust aa usefuluseful wayway toto representrepresent
geometricalgeometrical regularityregularity ofof 33DD coordinatescoordinates andand
notnot thethe realreal shapeshape ofof ourour protein!!!protein!!!
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… but very useful to classified protein from a
structural point of view!!!



AtomicAtomic radiusradius…… couldcould bebe one?one?AtomicAtomic radiusradius…… couldcould bebe one?one?

The atomic radius of a chemical element is a
measure of the size of its atoms, usually the mean
or typical distance from the nucleus to the boundary
of the surrounding cloud of electrons.
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Since the boundary is not a well-defined physical
entity, there are various non-equivalent definitions
of atomic radius. Three widely used definitions of
atomic radius are van der Waals radius, ionic radius,
and covalent radius.



Johannes Diderik van der Waals (23
November 1837 – 8 March 1923) was a Dutch
theoretical physicist and thermodynamicist
famous for his work on an equation of state for
gases and liquids.
His name is primarily associated with the van
der Waals equation of state that describes the
behavior of gases and their condensation to
the liquid phase. His name is also associated
with van der Waals forces (forces between
stable molecules), with van der Waals
molecules (small molecular clusters bound by
van der Waals forces), and with van der Waals
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van der Waals forces), and with van der Waals
radii (sizes of molecules).
He became the first physics professor of the
University of Amsterdam when it opened in
1877 and won the 1910 Nobel Prize in physics.

van der Waals radius: in principle, half the
minimum distance between the nuclei of two
atoms of the element that are not bound to the
same molecule.



Element radius (Å)

Hydrogen 1.20

Carbon 1.70

Nitrogen 1.55

AA quickquick refreshrefresh……AA quickquick refreshrefresh……

3

3

4
vdWvdW rV π=
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Oxygen 1.52

Fluorine 1.47

Phosphorus 1.80

Sulfur 1.80

Chlorine 1.75

Copper 1.4

3

4

3

πvdWvdW Vr =



WhyWhy anan atomatom hashas aa sphericalspherical shape?shape?WhyWhy anan atomatom hashas aa sphericalspherical shape?shape?
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The images are 3D renderings of the spatial density distribution of |�|² with the color depicting the phase of �. The spatial
distribution is smooth and vanishes for large radii. The cloud is a more realistic representation of an orbital than the more
common solid-body approximations.

Credits: https://en.wikipedia.org/wiki/Electron#/media/File:Atomic-orbital-clouds_spd_m0.png



FromFrom CartesianCartesian coordinatescoordinates toto vanvan derder WaalsWaals
spheresspheres::
FromFrom CartesianCartesian coordinatescoordinates toto vanvan derder WaalsWaals
spheresspheres::

RobertRobert BB.. CoreyCorey andand LinusLinus PaulingPauling
“Molecular“Molecular ModelsModels ofof AminoAmino
Acids,Acids, Peptides,Peptides, andand ProteinsProteins..””
RevRev.. SciSci.. InstrumInstrum.. 2424,, 621621 ((19531953))..

Abstract:: AA setset ofof accurateaccurate scalescale modelsmodels hashas beenbeen
developeddeveloped forfor useuse inin studiesstudies ofof thethe structuresstructures ofof
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developeddeveloped forfor useuse inin studiesstudies ofof thethe structuresstructures ofof
aminoamino acids,acids, peptides,peptides, andand proteinsproteins.. ModelsModels
representingrepresenting atomsatoms oror groupsgroups ofof atomsatoms builtbuilt fromfrom
hardhard woodwood toto thethe scalescale 11 inin.. == 11ÅÅ areare connectedconnected byby aa
clampingclamping devicedevice whichwhich maintainsmaintains desireddesired molecularmolecular
configurationsconfigurations.. TheseThese accurateaccurate modelsmodels havehave beenbeen
usedused asas substitutessubstitutes forfor calculationcalculation inin investigationsinvestigations
ofof thethe probableprobable configurationconfiguration ofof thethe polypeptidepolypeptide
chainchain inin proteinsproteins.. AnalogousAnalogous modelsmodels constructedconstructed ofof
rubberrubber--likelike plasticplastic toto thethe scalescale 11 inin.. == 22ÅÅ andand
connectedconnected byby snapsnap fastenersfasteners areare designeddesigned forfor
qualitativequalitative studiesstudies ofof proteinprotein structurestructure..



FromFrom CartesianCartesian coordinatescoordinates toto vanvan derder WaalsWaals
spheresspheres::
FromFrom CartesianCartesian coordinatescoordinates toto vanvan derder WaalsWaals
spheresspheres::
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DR. WALTER LANG KOLTUN



xx

zz

C (x, y, z)C (x, y, z)
c

c

rvdw (C) = 1.70 Å
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xx

zzCPK model:CPK model:

Robert Robert CCoreyorey LinusLinus PPaulingauling

Walter Walter KKoltunoltun
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Walter Walter KKoltunoltun
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BeforeBefore proceedingproceeding furtherfurther… what is it
missing?
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Yes,Yes, hydrogenhydrogen atoms!atoms!

REMEMBER: X-ray crystallography and Cryo_EM
cannot resolve hydrogen atoms in most protein
crystals, so in most PDB files, hydrogen atoms are
absent.
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a. Several tools can be used to hydrogen atoms…
respecting the valence properties of all heavy
atoms and the geometrical characteristics
(distances and angles) of all X-H bonds.



Yes,Yes, hydrogenhydrogen atoms!atoms!
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Csp3 angle 109 °

Csp3 – H length 1.09 Å  

Csp2 angle 120 °

Csp3 – H length 1.08 Å  



b. Moreover, hydrogen atoms associated with
ionizable groups are 'titrated' according to their
value of pKa and pH value of medium solvent:

butbut wewe havehave hydrogenshydrogens…… andand hydrogenshydrogens!!
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…… herehere theythey are!are!
Lys

Glu
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ButBut howhow theythey “look”“look” eacheach other?other?
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“It is generally accepted that receptor and
substrate molecules recognize each other at their
molecular surfaces. Therefore, the binding
strength of a receptor-drug complex depends on
the shape of the substrate surface and on the
distribution of certain properties on this surface.
Any method attempting to model biological activity

Back when I was a young PhD student.

“It is generally accepted that receptor and
substrate molecules recognize each other at their
molecular surfaces . Therefore, the binding
strength of a receptor-drug complex depends on
the shape of the substrate surface and on the
distribution of certain properties on this surface.
Any method attempting to model biological activity
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Any method attempting to model biological activity
should take into account this information and try to
correlate it to biological activity…”
by Johann Gasteiger et al J.A.C.S. 1995, 117, 7769-7775

Any method attempting to model biological activity
should take into account this information and try to
correlate it to biological activity…”
by Johann Gasteiger et al J.A.C.S. 1995, 117, 7769-7775



TheThe magicmagic rolerole ofof thethe solventsolvent……

S. MORO – Biomodeling BiotechM
M S Confidential and Property of ©2005 Molecular Modeling Section 

Dept. Pharmaceutical and Pharmacological  Sciences – University of Padova - Italy



TheThe magicmagic rolerole ofof thethe solventsolvent……
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DoDo youyou rememberremember thethe hydrationhydration shellshell
concept?concept?
DoDo youyou rememberremember thethe hydrationhydration shellshell
concept?concept?
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HereHere isis aa nicenice experimentexperiment:: howhow wewe cancan
simulatesimulate thethe firstfirst shellshell ofof hydrationhydration usingusing
onlyonly ONEONE waterwater molecule?molecule?
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FromFrom CPKCPK modelsmodels toto molecularmolecular surfacessurfaces::

H2O probe1.4Å
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How can we SEE what has TOUCHED the probe?  



but,but, toto transformtransform thisthis virtualvirtual experimentexperiment isis anan
usefuluseful experimentsexperiments wewe needneed TWOTWO smartsmart
ideasideas::

but,but, toto transformtransform thisthis virtualvirtual experimentexperiment isis anan
usefuluseful experimentsexperiments wewe needneed TWOTWO smartsmart
ideasideas::

1. Remember Pollicino’s fairytale;
2. and…
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A bit of algorithm:
∆∆xx∆∆xx∆∆xx∆∆xx
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Molecular surface representations: Rolling Sphere method

Michael ConnollyMichael Connolly
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The van der Waals Surface (vdWS) is the exterior boundary of the union of van der Waals
spheres.

The Solvent Accessible Surface (SAS) is the result of the vdW Surface dilatation by a
structuring element, or a probe, representing a solvent molecule, typically water.

The Solvent Excluded Surface (SES, also known as Connolly surface ) is the results of the
SAS erosion by the same probe.



xx

zz

Michael ConnollyMichael Connolly
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yy

Connolly’s surface



xx

zzThisThis isis playstationplaystation……ThisThis isis playstationplaystation……
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yy

Connolly’s surface



xx

zz
MSGPVPSRARVYTDVNTHRPREYWDYESHVVEWGNQDDYQLVRKLGRGKYSEVFEAINIT 
NNEKVVVKILKPVKKKKIKREIKILENLRGGPNIITLADIVKDPVSRTPALVFEHVNNTD 
FKQLYQTLTDYDIRFYMYEILKALDYCHSMGIMHRDVKPHNVMIDHEHRKLRLIDWGLAE 
FYHPGQEYNVRVASRYFKGPELLVDYQMYDYSLDMWSLGCMLASMIFRKEPFFHGHDNYD 
QLVRIAKVLGTEDLYDYIDKYNIELDPRFNDILGRHSRKRWERFVHSENQHLVSPEALDF 
LDKLLRYDHQSRLTAREAMEHPYFYTVVKDQARMGSSSMPGGSTPVSSANMMSGISSVPT 
PSPLGPLAGSPVIAAANPLGMPVPAAAGAQQ 

1.1. where?where?

2. how?2. how?
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FromFrom sequencesequence toto topologytopology…… fromfrom topologytopology toto recognitionrecognitionFromFrom sequencesequence toto topologytopology…… fromfrom topologytopology toto recognitionrecognition

2. how?2. how?

3. how long?3. how long?



xx

zz… where?… where?
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YouYou havehave nownow aa wonderfulwonderful tooltool toto estimateestimate
thethe topologicaltopological complementaritycomplementarity betweenbetween aa
cavitycavity andand itsits ligandligand::

YouYou havehave nownow aa wonderfulwonderful tooltool toto estimateestimate
thethe topologicaltopological complementaritycomplementarity betweenbetween aa
cavitycavity andand itsits ligandligand::
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ComplementarityComplementarity ∝∝ VolVolcavitycavity –– VolVolligandligand



α

β

γ Substrate
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DDDSDDD
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Are we able to measure these volumes?
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Volume of
the protein (Å3)

Volume of
the cavity (Å3)

Volume of
the ligand (Å3)



dodo youyou rememberremember thethe trapezoidaltrapezoidal rulerule ??dodo youyou rememberremember thethe trapezoidaltrapezoidal rulerule ??


+−≈

b

a

bfaf
abdxxf

2

)()(
)()(
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aa 33DD versionversion ofof ourourtrapezoidaltrapezoidal ruleruleaa 33DD versionversion ofof ourourtrapezoidaltrapezoidal rulerule

= Vi
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n
Vmol ≅ n Vi



aa 33DD versionversion ofof ourourtrapezoidaltrapezoidal ruleruleaa 33DD versionversion ofof ourourtrapezoidaltrapezoidal rulerule
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Volume of  the protein = 43450 Å3



NowNow alsoalso surfacesurface extensionextension isis veryvery easyeasy toto
calculatecalculate…… approximately!approximately!
NowNow alsoalso surfacesurface extensionextension isis veryvery easyeasy toto
calculatecalculate…… approximately!approximately!
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ASA (Å2) ≅ Σ
Accessible Surface Area = 15410 Å2



Remember?Remember?

“It is generally accepted that receptor and substrate
molecules recognize each other at their molecular
surfaces. Therefore, the binding strength of a
receptor-drug complex depends on the shape of the

distribution of
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substrate surface and on the distribution of
certain properties on this surface. Any method
attempting to model biological activity should take
into account this information and try to correlate it to
biological activity…”
by Johann Gasteiger et al J.A.C.S. 1995, 117, 7769-7775



MolecularMolecular surfacessurfaces asas aa locuslocus forfor thethe
projectionprojection ofof molecularmolecular propertiesproperties::
MolecularMolecular surfacessurfaces asas aa locuslocus forfor thethe
projectionprojection ofof molecularmolecular propertiesproperties::

P(x,y,z)P(x,y,z)
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As chemists, what is the first property that you 
would like to see projected ? 



WeWe cannotcannot forgetforget thatthat underunder thethe realreal
surfacesurface wewe surelysurely findfind…… charges!charges!
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ConsideringConsidering thatthat moleculesmolecules areare anan ensembleensemble
ofof electricelectric chargescharges…… probablyprobably thethe
distributiondistribution ofof theirtheir electrostaticelectrostatic potentialspotentials??

ConsideringConsidering thatthat moleculesmolecules areare anan ensembleensemble
ofof electricelectric chargescharges…… probablyprobably thethe
distributiondistribution ofof theirtheir electrostaticelectrostatic potentialspotentials??
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How we can virtualize the projection of  the 
electrostatic potential on a molecular surface? 

How we can virtualize the projection of  the 
electrostatic potential on a molecular surface? 



WeWe cancan surelysurely startstart withwith him!him!WeWe cancan surelysurely startstart withwith him!him!

Charles Augustin de Coulomb (Angoulême, 14
giugno 1736 – Parigi, 23 agosto 1806).
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II trytry toto reciterecite itit::II trytry toto reciterecite itit::

“The magnitude of the electrostatic force of
interaction between two point charges is directly
proportional to the scalar multiplication of the
magnitudes of charges and inversely proportional

“The magnitude of the electrostatic force of
interaction between two point charges is directly
proportional to the scalar multiplication of the
magnitudes of charges and inversely proportional
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magnitudes of charges and inversely proportional
to the square of the distance between them.”
magnitudes of charges and inversely proportional
to the square of the distance between them.”

How we can deal with the point charges concept
when, in the real world, we usually deal with charge
distributions?



Probably,Probably, usingusing aa veryvery interestinginteresting physicalphysical
tricktrick::
Probably,Probably, usingusing aa veryvery interestinginteresting physicalphysical
tricktrick::

FF -- HH

χFF== 44..00 χ HH== 22..11

∆χ = 1.9 µ = 1.82 D

--δδ ++δδ
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qqFF qqHH

µ f (qF; qH)

q, partial atomic charge



Probably,Probably, usingusing aa veryvery interestinginteresting physicalphysical
tricktrick::
Probably,Probably, usingusing aa veryvery interestinginteresting physicalphysical
tricktrick::

HH -- HH

χHH== 22..11 χ HH== 22..11

∆χ = 0 µ = 0 D
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FF -- HH

χFF== 44..00 χ HH== 22..11

∆χ = 1.9 µ = 1.82 D

--δδ ++δδ



Probably,Probably, usingusing aa veryvery interestinginteresting physicalphysical
tricktrick::
Probably,Probably, usingusing aa veryvery interestinginteresting physicalphysical
tricktrick::

FF -- HH

χFF== 44..00 χ HH== 22..11

∆χ = 1.9 µ = 1.82 D

--δδ ++δδ
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χFF χ HH --δδ ++δδ

ClCl -- HH

∆χ = 1.1

χClCl == 33..22 χ HH== 22..11

µ = 1.08 D

--δδ ++δδ



Probably,Probably, usingusing aa veryvery interestinginteresting physicalphysical
tricktrick::
Probably,Probably, usingusing aa veryvery interestinginteresting physicalphysical
tricktrick::

BrBr -- HH

χBrBr == 22..99 χ HH== 22..11

∆χ = 0.8 µ = 0.82 D

--δδ ++δδ
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χBrBr == 22..99 χ HH== 22..11 --δδ ++δδ

ll -- HH

∆χ = 0.5

χII == 22..66 χ HH== 22..11

µ = 0.44 D

--δδ ++δδ



Probably,Probably, usingusing aa veryvery interestinginteresting physicalphysical
tricktrick::
Probably,Probably, usingusing aa veryvery interestinginteresting physicalphysical
tricktrick::

FF -- HH 1.9 1.82

qqXX qqHH

1.08

-0.267    0.267

∆χ µ (D)
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HH -- HH 0 0  0            0

ll -- HH 0.5 0.44 -0.107    0.107

BrBr -- HH 0.8 0.82 -0.113    0.113

ClCl -- HH 1.1 1.08 -0.145    0.145



andand nownow itit isis veryvery simplesimple toto extendextend::andand nownow itit isis veryvery simplesimple toto extendextend::

00..098098

00..345345

--00..544544
00..117117
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00..345345
00..098098

--00..356356

00..345345

00..345345

--00..544544

00..096096



qN= -0.370

qC= 0.221

qO= -0.273

qC= 0.051

qO= -0.548

qO= -0.550

qC= 0.042

qO= -0.550

H+
(x,y,z)

n q

Vel (x,y,z)
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…… veryvery charming!charming!…… veryvery charming!charming!

DDDSDDD
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Vel < 0
Vel = 0
Vel > 0



wewe cancan reflectreflect forfor aa momentmoment aboutaboutwewe cancan reflectreflect forfor aa momentmoment aboutabout Vel = 0
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Vel < 0
Vel = 0
Vel > 0



P(x,y,z)P(x,y,z)

WhichWhich otherother propertyproperty couldcould bebe interestinginteresting toto
projectproject onon thisthis surface?surface?
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DoDo youyou rememberremember thethe hydrophobichydrophobic effecteffect??

Folding
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Aggregation

Recognition



Hydrophobicity and partition coefficient Hydrophobicity and partition coefficient 

Phase 2 (n-octanol)
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At the equilibrium:
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Phase 1 (water)
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Partition coefficient Partition coefficient 
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Partition coefficientPartition coefficient

We can define: We can define: ““hydrophobichydrophobic” a compound with P > 1;” a compound with P > 1;
““hydrophilichydrophilic” a compound with P < 1.” a compound with P < 1.

Hydrophobicity and partition coefficient Hydrophobicity and partition coefficient 
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We can define: We can define: ““hydrophobichydrophobic” a compound with logP > 0;” a compound with logP > 0;
““hydrophilichydrophilic” a compound with logP < 0.” a compound with logP < 0.



How we can address in the real world
about ?phobicityphobicity

here?here?
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o here?o here?



andand thisthis isis understandable!understandable!

N
H

N

NH2

N
H

N

CH3

N
H

CH3 CH3

loglog PP == --00..2626 loglog PP == 00..9090 loglog PP == 22..1717 loglog PP == 22..9494
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CH3 CH3

loglog PP == --00..2626 loglog PP == 00..9090 loglog PP == 22..1717 loglog PP == 22..9494

loglog PP == 33..3131 loglog PP == 33..8484



BackBack toto ourour “white”“white” potentialpotential surfacesurface::

In organic chemistry, we have a family of
compounds characterized by bonds with ∆EN ≅ 0

HYDROCARBONS

S. MORO – Biomodeling BiotechM
M S Confidential and Property of ©2005 Molecular Modeling Section 

Dept. Pharmaceutical and Pharmacological Sciences –University of Padova - Italy

HYDROCARBONS

and they are surely                   and they are surely                   phobicsphobics!!!!!!



Back to our molecular surface:Back to our molecular surface:
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AminoAmino acidsacids andand hydrophobicityhydrophobicity::
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James U. Bowie Nature 438, 581-589 (1 December 2005) 



AminoAmino acidsacids andand hydrophobicityhydrophobicity::

Phase 2 (n-octanol)
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James U. Bowie Nature 438, 581-589 (1 December 2005) 

Phase 1 (water)

∆G < 0 ∆G > 0



Back to our molecular surface:Back to our molecular surface:

S. MORO – Biomodeling BiotechM
M S Confidential and Property of ©2005 Molecular Modeling Section 

Dept. Pharmaceutical and Pharmacological  Sciences – University of Padova - Italy

∆Gw-o > 1
0 < ∆Gw-o < 1

∆Gw-o < 0



A wonderful strategy to tune the residence time
of water molecules on the protein surface:
A wonderful strategy to tune the residence time
of water molecules on the protein surface:
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∆Gw-o > 1
0 < ∆Gw-o < 1

∆Gw-o < 0



II hopehope itit isis clearclear:: withoutwithout structurestructure
nono interactioninteraction study!study!
…… andand wewe cancan startstart withwith mymy
favoritefavorite exampleexample::
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NowNow isis moremore clearclear whatwhat JohnnyJohnny wantedwanted
toto saysay……
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P53-MDM2
PDB code: 1YCRsurface’s complementaritysurface’s complementarity



AnAn alternativealternative approachapproach toto evolutionaryevolutionary
selectionselection…… optimizingoptimizing shapeshape complementaritycomplementarity
usingusing thethe analysisanalysis ofof derivativesderivatives firstfirst andand
second!second!
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AnAn alternativealternative approachapproach toto evolutionaryevolutionary selectionselection……
optimizingoptimizing shapeshape complementaritycomplementarity usingusing thethe
analysisanalysis ofof derivativesderivatives firstfirst andand second!second!
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Vel < 0
Vel = 0
Vel > 0



NowNow thethe complementaritycomplementarity describeddescribed byby
JohnnyJohnny isis muchmuch muchmuch moremore clear!clear!

Eint = - 64 kcal/mol
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Vel < 0
Vel = 0
Vel > 0



MolecularMolecular surfacessurfaces asas superbsuperb dockingdocking
platforms!platforms!
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Vel < 0
Vel = 0
Vel > 0



SQETFSDLWKLLPDNSQETFSDLWKLLPDN
SQETFSDLWKLLPAN

Eint (wt)= - 64 kcal/mol
Eint (wt)= - 58 kcal/mol
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