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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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WhatWhat   wewe   areare   stillstill   orphansorphans ::  WhatWhat   wewe   areare   stillstill   orphansorphans ::  

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

  

ÅÅVirtualizeVirtualize   thethe   generationgeneration   ofof   alternativealternative   

conformersconformers ;;  

  

ÅÅVirtualizeVirtualize   thethe   evaluationevaluation   ofof   thethe   stabilitystability   ofof   eacheach   

conformerconformer ..  
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WeWe  areare   coordinatescoordinates   hunters!hunters!   
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MyMy  heroesheroes éé  MyMy  heroesheroes éé  

3D3D  
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II  amam  sorrysorry   thatthat   wewe  dodo  notnot   havehave   enoughenough   timetime   

toto   gogo  intointo   thesethese   beautifulbeautiful   subjects,subjects,   butbut   forfor   

thosethose   interested,interested,   II  wouldwould   suggestsuggest ::  

II  amam  sorrysorry   thatthat   wewe  dodo  notnot   havehave   enoughenough   timetime   

toto   gogo  intointo   thesethese   beautifulbeautiful   subjects,subjects,   butbut   forfor   

thosethose   interested,interested,   II  wouldwould   suggestsuggest ::  

X-Ray 

Crystallography  

https://slideplayer.com/slide/6420286/  

NMR 

Spectroscopy  
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CryoCryo --EMEM::  thethe   futurefuture   ofof   structuralstructural   

biochemistrybiochemistry   isis  todaytoday !!  

CryoCryo --EMEM::  thethe   futurefuture   ofof   structuralstructural   

biochemistrybiochemistry   isis  todaytoday !!  

credits: https://www.youtube.com/watch?v=BJKkC0W -6Qk 

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

biochemistrybiochemistry   isis  todaytoday !!  

CryoCryo --EMEM::  thethe   futurefuture   ofof   structuralstructural   

biochemistrybiochemistry   isis  todaytoday !!  

https://youtu.be/BMoRBzW -vvI  
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Let'sLet's   gogo  backback   toto   ourour   CartesianCartesian   coordinatecoordinate   ......   

dodo  youyou   rememberremember   thethe   coordinatescoordinates   matrix?matrix?     

Let'sLet's   gogo  backback   toto   ourour   CartesianCartesian   coordinatecoordinate   ......   

dodo  youyou   rememberremember   thethe   coordinatescoordinates   matrix?matrix?     

        00.. 97609760         00.. 55305530         00.. 11801180   CC    

        22.. 18101810         11.. 42404240         00.. 10101010   CC  

        22.. 91109110         11.. 35803580       -- 11.. 24202420   CC  

        22.. 24602460         11.. 67006700       -- 22.. 05500550   HH  

        33.. 21802180         00.. 32703270       -- 11.. 45204520   HH  

        44.. 10001000         22.. 21102110       -- 11.. 24002400   NN  

        33.. 81908190         33.. 18401840       -- 11.. 11701170   HH  

        44.. 54605460         22.. 16201620       -- 22.. 15601560   HH  

        22.. 86108610         11.. 12601260         00.. 91009100   HH  

        11.. 87408740         22.. 45604560         00.. 31003100   HH  

      -- 00.. 16101610         00.. 91709170       -- 00.. 56705670   NN  

      -- 11.. 02200220       -- 00.. 05100510       -- 00.. 35103510   CC  

      -- 22.. 03100310       -- 00.. 10101010       -- 00.. 73807380   HH  

      -- 00.. 49204920       -- 11.. 02700270         00.. 44404440   NN  

      -- 00.. 96309630       -- 11.. 86808680         00.. 74707470   HH  

        00.. 78707870       -- 00.. 65606560         00.. 75307530   CC  

        11.. 42904290       -- 11.. 26202620         11.. 37603760   HH  

x 

y 

z 

= C 
= N 
= H 

x y z 
Atom  

nature  
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Rendering!Rendering!     Rendering!Rendering!     

....oror   showshow   meme  privilegedprivileged   distances!distances!   ....oror   showshow   meme  privilegedprivileged   distances!distances!   

x 

y 

z 

= C 
= N 
= H 

= C 
= N 
= H 
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WhatWhat   cancan   wewe  easilyeasily   measuremeasure   inin  aa  

33DD  CartesianCartesian   space?space?   

222 )21()21()21( ZZYYXXAB -+-+-=

A 

B 
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ButBut   howhow   cancan   wewe  restorerestore   physicalityphysicality   toto   ourour   

molecularmolecular   models?models?     

ButBut   howhow   cancan   wewe  restorerestore   physicalityphysicality   toto   ourour   

molecularmolecular   models?models?     

= C 
= N 
= H 
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AtomicAtomic   radiusradius éé  couldcould   bebe  one?one?   AtomicAtomic   radiusradius éé  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 .  

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 .    
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Johannes  Diderik  van  der  Waals  (23 

November  1837  ð 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  

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 .    
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Element  radius (Å)  

Hydrogen  1.20  

Carbon  1.70  

Nitrogen  1.55  

Oxygen  1.52  

Fluorine  1.47  

Phosphorus  1.80  

Sulfur  1.80  

Chlorine  1.75  

Copper  1.4  

AA  quickquick   refreshrefresh éé  AA  quickquick   refreshrefresh éé  

3

3

4
vdWvdW rV p=

3

4

3

p
vdWvdW Vr =
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WhyWhy  anan  atomatom   hashas   aa  sphericalspherical   shape?shape?   WhyWhy  anan  atomatom   hashas   aa  sphericalspherical   shape?shape?   

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  
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FromFrom   CartesianCartesian   coordinatescoordinates   toto   vanvan   derder   WaalsWaals   

spheresspheres ::  

FromFrom   CartesianCartesian   coordinatescoordinates   toto   vanvan   derder   WaalsWaals   

spheresspheres ::  

RobertRobert   BB..  CoreyCorey   andand   LinusLinus   PaulingPauling   

òMolecularòMolecular  ModelsModels   ofof   AminoAmino   

Acids,Acids,   Peptides,Peptides,   andand   ProteinsProteins ..óó  

RevRev..  SciSci ..  InstrumInstrum ..  2424,,  621621  ((19531953 ))..  
 

Abstract ::  AA  setset   ofof   accurateaccurate   scalescale   modelsmodels   hashas   beenbeen   

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 ..    
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FromFrom   CartesianCartesian   coordinatescoordinates   toto   vanvan   derder   WaalsWaals   

spheresspheres ::  

FromFrom   CartesianCartesian   coordinatescoordinates   toto   vanvan   derder   WaalsWaals   

spheresspheres ::  

DR. WALTER LANG KOLTUN     
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CoreyCorey   andand   PaulingPauling   modelsmodels ::  putput   thethe   fleshflesh   toto   

thethe   bonebone   !!!!!!   

CoreyCorey   andand   PaulingPauling   modelsmodels ::  putput   thethe   fleshflesh   toto   

thethe   bonebone   !!!!!!   

= C 
= N 
= H 
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rvdW 

rvdW = van der Waals radius  

rcov  

rc = covalent radius  

CPK MODELS  
(by  Corey, Pauling and  Kultun ) 
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FromFrom   anan  informaticsinformatics   pointpoint   ofof   view,view,   isis  itit   clearclear   

howhow   wewe  cancan   translatetranslate   aa  CPKCPK  model?model?   

FromFrom   anan  informaticsinformatics   pointpoint   ofof   view,view,   isis  itit   clearclear   

howhow   wewe  cancan   translatetranslate   aa  CPKCPK  model?model?   

        00.. 97609760         00.. 55305530         00.. 11801180   CC  11.. 7070  

        22.. 18101810         11.. 42404240         00.. 10101010   CC  11.. 7070  

        22.. 91109110         11.. 35803580       -- 11.. 24202420   CC  11.. 7070  

        22.. 24602460         11.. 67006700       -- 22.. 05500550   HH  11.. 2020  

        33.. 21802180         00.. 32703270       -- 11.. 45204520   HH  11.. 2020  

        44.. 10001000         22.. 21102110       -- 11.. 24002400   NN  11.. 5555  

        33.. 81908190         33.. 18401840       -- 11.. 11701170   HH  11.. 2020  

        44.. 54605460         22.. 16201620       -- 22.. 15601560   HH  11.. 2020  

        22.. 86108610         11.. 12601260         00.. 91009100   HH  11.. 2020  

        11.. 87408740         22.. 45604560         00.. 31003100   HH  11.. 2020  

      -- 00.. 16101610         00.. 91709170       -- 00.. 56705670   NN  11.. 5555  

      -- 11.. 02200220       -- 00.. 05100510       -- 00.. 35103510   CC  11.. 7070  

      -- 22.. 03100310       -- 00.. 10101010       -- 00.. 73807380   HH  11.. 2020  

      -- 00.. 49204920       -- 11.. 02700270         00.. 44404440   NN  11.. 5555  

      -- 00.. 96309630       -- 11.. 86808680         00.. 74707470   HH  11.. 2020  

        00.. 78707870       -- 00.. 65606560         00.. 75307530   CC  11.. 7070  

        11.. 42904290       -- 11.. 26202620         11.. 37603760   HH  11.. 2020  

x 

y 

z 
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CouldCould   youyou   pleaseplease   taketake   aa  distancedistance   fromfrom   CPKCPK  

model,model,   immediately?immediately?   

CouldCould   youyou   pleaseplease   taketake   aa  distancedistance   fromfrom   CPKCPK  

model,model,   immediately?immediately?   

x 

y 

z 

The mass  of  the  two  particles  is 

almost  equal,  1.672×10ī27 kg  for  

protons  and  1.674×10ī27 kg  for  

neutrons . That  of  the  electrons,  

on the  other  hand,  amounts  to  

9.109×10ī31 kg,  10,000 times  

lower  and  therefore  also  
negligible . 
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AtAt   thisthis   pointpoint   measuremeasure   thethe   molecularmolecular   sizesize   isis  

easyeasyéé  oror   atat   leastleast   soso  itit   seemsseems   toto   ArieArie   Verloop!Verloop!   

AtAt   thisthis   pointpoint   measuremeasure   thethe   molecularmolecular   sizesize   isis  

easyeasyéé  oror   atat   leastleast   soso  itit   seemsseems   toto   ArieArie   Verloop!Verloop!   

Verloop  A., Hoogenstraaten  W., Tipker  J. òDevelopment and  application  of  new  steric  substituent  

parameters  in drug  design .ó  In Drug  Design  (Ed. Ari ëns),  vol .7, pp.165-207 (1976 ), New  York : Academic  

Press . 
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MyMy  favoritefavorite   exampleexample ::  MyMy  favoritefavorite   exampleexample ::  

Credits: https://www.ikea.com/it/it/catalog/products/20275814/  
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ArieArie   VerloopVerloop   andand   STERIMOLSTERIMOL  descriptorsdescriptors ::  ArieArie   VerloopVerloop   andand   STERIMOLSTERIMOL  descriptorsdescriptors ::  

axix  L 
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axix  L 

LL  

BB11  

BB44  
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axix  L 

axix  L 
BB22  

BB33  
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BewareBeware ::  asas  youyou   havehave   alreadyalready   guessedguessed   thethe   

STERIMOLSTERIMOL  parametersparameters   areare   byby  definitiondefinition   

conformationconformation --dependent!dependent!   

BewareBeware ::  asas  youyou   havehave   alreadyalready   guessedguessed   thethe   

STERIMOLSTERIMOL  parametersparameters   areare   byby  definitiondefinition   

conformationconformation --dependent!dependent!   

axix  L 

axix  L 

Im 

NH2 

180° 73° -10° 
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FromFrom   CPKCPK  modelmodel   isis  nownow   veryvery   easyeasy   toto   measuremeasure   

(and(and   collect)collect)   STERIMOLSTERIMOL  descriptorsdescriptors   ofof   thethe   

mostmost   commoncommon   substituentssubstituents ::  

FromFrom   CPKCPK  modelmodel   isis  nownow   veryvery   easyeasy   toto   measuremeasure   

(and(and   collect)collect)   STERIMOLSTERIMOL  descriptorsdescriptors   ofof   thethe   

mostmost   commoncommon   substituentssubstituents ::  

Substituent  L B1 B2 B3 B4 

CH3 3.00 1.52 1,90 1.90 2.04 

C2H5 4.11 1.52 1.90 1.90 2.97 

n-C4H9 6.17 1.52 1.52 1.90 4.42 

t-C4H9 4.11 2.59 2.86 2.86 2.97 

C6H5 6.28 2.30 2.30 2.83 2.83 

CH2C6H5 4.62 1.52 3.11 3.11 6.02 

OH 2.74 1.35 1.35 1.35 1.93 

OCH3 3.98 1.35 1.90 1.90 2.87 

N(CH3)2 3.53 1.59 2.56 2.80 2.80 

NO2 3.44 1.70 1.70 2.44 2.44 

L 

Asse L  

B3 

B2 

B4 B1 

L/B1 e B4/B1 ratios  give  as an indication  of  the  substituent  

sphericity . 
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ItIt   isis  summarysummary   time!time!   ItIt   isis  summarysummary   time!time!   

1D 
 

2D 3D 

CC55HH99NN33    

n1cc(nc1)CCN     

x 

y 

x x 

y 

z 
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N

N

NH
3

H

+

000011111001010101010000011111001010101010   
BABA

BA

solosolo Æ++

Æ

DoDo  youyou   rememberremember ::  DoDo  youyou   rememberremember ::  

SterimolSterimol   

PMPM  

logPlogP   

2D 

1D 

3D 

active candidate  
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CPKCPK  isis  aa  nicenice   33DD  shapeshape   representationrepresentation éé  butbut   

probablyprobably   onon  forfor   humanhuman   beingbeing ..  ButBut   aa  moleculemolecule   

asas  willwill   seesee   anotheranother   molecule?molecule?     

CPKCPK  isis  aa  nicenice   33DD  shapeshape   representationrepresentation éé  butbut   

probablyprobably   onon  forfor   humanhuman   beingbeing ..  ButBut   aa  moleculemolecule   

asas  willwill   seesee   anotheranother   molecule?molecule?     
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Here'sHere's   whowho   couldcould                     molecularmolecular   objectsobjects   !!  
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Here'sHere's   whowho   couldcould                     molecularmolecular   objectsobjects   !!  
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DoDo  youyou   rememberremember   thethe   hydrationhydration   shellshell   

concept?concept?   

DoDo  youyou   rememberremember   thethe   hydrationhydration   shellshell   

concept?concept?   



M 
M S 

Confidential and Property of ©2005 Molecular Modeling Section  

Dept. Pharmaceutical and Pharmacological Sciences ï University of Padova - Italy        S. MORO ï PSF: LBDD_3  

Now,Now,   thethe   virtualvirtual   experimentexperiment   isis  prettypretty   easy!easy!   Now,Now,   thethe   virtualvirtual   experimentexperiment   isis  prettypretty   easy!easy!   

r  = 1.4Å 

The rolling  ball  algorithm  developed  by Shrake  & Rupley  in 1973 : "Environment  and  exposure  to  solvent  of  protein  atoms . 
Lysozyme  and  insulin" . J Mol  Biol . 79 (2): 351ð71.  
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The van  der  Waals  Surface  (vdWS)  is the  exterior  boundary  of  the  union  of  van  der  Waals  

spheres .   

Molecular  surface  representations :   

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 .    

Michael ConnollyMichael Connolly   
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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  Pollicinoõs fairytale ; 

2. andé 
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A bit  of  algorithm :   
DDxx  DDxx  DDxx  DDxx  
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SES or Connolly Surface  SAS 

HereHere   isis  thethe   resultsresults   ofof   ourour   virtualvirtual   experiment!experiment!   HereHere   isis  thethe   resultsresults   ofof   ourour   virtualvirtual   experiment!experiment!   
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vdW versus  Connolly Surface  

YouYou  understandunderstand   thethe   differences!differences!   YouYou  understandunderstand   thethe   differences!differences!   
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ThisThis   isis  reallyreally éé  PlayStation!PlayStation!   ThisThis   isis  reallyreally éé  PlayStation!PlayStation!   

SES or Connolly Surface  SAS 
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DoDo  youyou   understandunderstand   thethe   morphing?morphing?   DoDo  youyou   understandunderstand   thethe   morphing?morphing?   
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Credits : https ://www .bornika .ir/en/Article/AR -52/Choose -a-method -of -installation -Lightning  

Rolling  Sphere  method : choose  a method  of  

installation  Lightning  
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The dilation  and  closing  envelope  of  an open  profile  by a 

disc . 

The erosion  and  opening  envelope  of  an open  profile  by a 

disc .  

Credits : http ://rspa .royalsocietypublishing .org/content/ 469 /2159 /20130150  

Geometric  computation  theory  for  morphological  

filtering  on freeform  surfaces :  

òThe surface  of  a geometrical  component  is an interface  limiting  the  body  of  the  component  and  

separating  it  from  the  surrounding  medium . It  governs  the  functional  behaviours  of  the  product,  whether  

that  be a mechanical,  tribological , hydrodynamic,  optical,  thermal,  chemical  or  biological  property,  all  of  

which  are  of  tremendous  importance  to  product  performance . Many  emerging  products  and  devices  are  

based  on achieving  surfaces  with  special  functionalities . Manufactured  items  such  as micro - and  

nanometre -scale  transistors,  microelectromechanical  systems  and  nanoelectromechanical  systems,  

microfluidic  devices,  optics  components  with  freeform  geometry  and  structured  surface  products  are  

clear  evidence  of  products  where  the  surface  plays  the  functional  role . 
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CPK (vdW)                                             Connolly Surface  

Now,Now,     youyou   understandunderstand   thethe   differences!differences!   Now,Now,     youyou   understandunderstand   thethe   differences!differences!   

As we see it                                  How they perceive each other  
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FromFrom   smallsmall   moleculemolecule   toto   itsits   biologicalbiological   targettarget éé  FromFrom   smallsmall   moleculemolecule   toto   itsits   biologicalbiological   targettarget éé  



M 
M S 

Confidential and Property of ©2005 Molecular Modeling Section  

Dept. Pharmaceutical and Pharmacological Sciences ï University of Padova - Italy        S. MORO ï PSF: LBDD_3  

éé  andand   thisthis   isis  ourour   favoritefavorite   huntinghunting   

place!place!   
www.rcsb.orgwww.rcsb.org   
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PDBPDBéé  inin  numbersnumbers ::  
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PDBPDBéé  inin  numbersnumbers ::  
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PDBPDBéé  inin  numbersnumbers ::  

X-Ray 

Crystallography  

Cryo - 

Electron Microscopy  

(Cryo -EM) 


