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Kinetics of an enzymatic reaction are 
described by Vmax and Km
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• Derived knowledge bases 

• Knowledge-based applications programs

• Data mining tools for protein-ligand 
complexes
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Cambridge Crystallographic Data Centre
http://www.ccdc.cam.ac.uk/

#DOXSIS  33870428       16  9  0  0  0  4  4 28  0  0 30132200000010000000000086
137050 99740 84360    90    90    90444000 0 0 0 0 0 0  0168 19P212121   440
R=0.0180 
211 0121 0112 0211 6101 6110 0011 0121 6110 6011 6101 0112 6
C  68H  23I 140N  68
I1     11550  15650   4210 N1     39070 -53910 121530 C1     41910 -41220 119220
C2     39220 -33520 106130 C3     33370 -39370  94620 C4     30500 -52630  96620
C5     33450 -59370 110270 C6     42610 -19100 105490 C7     34670  -8430 103700
C8     39850   3750  96340 C9     49810  -1250  90740 N2     49050 -16310  91260
C10    58640 -23330  91710 H1     45630 -37430 127800 H2     32010 -34830  84940
H3     27050 -56910  88930 H4     31160 -69540 111430 H5     46660 -17710 114730
H6     29460 -11520  97920 H7     31120  -6480 114010 H8     36550   6990  88960
H9     41090  10990 105490 H10    51390   1190  80020 H11    54700   1150  97280
H12    45690 -18690  82150 H13    61800 -20270 102020 H14    57540 -33240  92420
H15    61740 -21060  83660 
0 3 4 5 6 7 2 4 8 910 812 3 5 6 7 8 9 910101111121313131112

HEADER    CSD ENTRY DOXSIS
COMPND    NICOTINE MONOHYDROGEN IODIDE
CRYST    13.705    9.974    8.436  90.00  90.00  90.00 P212121
ATOM      1  I1  NICO    1       1.583   1.561   0.355  1.00  0.00
ATOM      2  N1  NICO    1       5.355  -5.377  10.252  1.00  0.00
ATOM      3  C1  NICO    1       5.744  -4.111  10.057  1.00  0.00
ATOM      4  C2  NICO    1       5.375  -3.343   8.953  1.00  0.00
ATOM      5  C3  NICO    1       4.573  -3.927   7.982  1.00  0.00
ATOM      6  C4  NICO    1       4.180  -5.249   8.151  1.00  0.00
ATOM      7  C5  NICO    1       4.584  -5.922   9.302  1.00  0.00
ATOM      8  C6  NICO    1       5.840  -1.905   8.899  1.00  0.00
ATOM      9  C7  NICO    1       4.752  -0.841   8.748  1.00  0.00
ATOM     10  C8  NICO    1       5.461   0.374   8.127  1.00  0.00
ATOM     11  C9  NICO    1       6.826  -0.125   7.655  1.00  0.00
ATOM     12  N2  NICO    1       6.722  -1.627   7.699  1.00  0.00
....
CONECT    1    0
CONECT    2    3    7
CONECT    3    2    4   14
....
MASTER        0    0    0    0    0    0    0    0   28    0   28    0
END

Cambridge Crystallographic Data Centre 
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and

• IsoStar - knowledge base of information 
about intermolecular interactions

• SuperStar - program for predicting binding 
points in an enzyme active site

• SuperStar predictions based solely on IsoStar
data

IsoStar Scatterplots

IsoStar Density Surfaces
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Quantum Chemistry
Atomic orbitals can be combined to give molecular orbitals

Oxygen orbitals

Hydrogen orbitals

Molecular orbitals of water
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http://www.msg.ameslab.gov/GAMESS/GAMESS.html

Gaussian
http://www.gaussian.com/

Spartan
http://www.wavefun.com/

A
��� +�"�/�

o                                                             
h 1 0.96                                                        
h l 0.96 2 104.0

o                                              
h 1 l1                                               
h l l1 2 a1

l1 0.96                                               
a1 104.0

With values:With variables:

 �B
�� +� $ �/�

c

c 1 l1

h 2 l2 1 a1

h 2 l2 1 a1 3  120.0

h 2 l2 1 a1 3 -120.0

h 1 l2 2 a1 3  180.0

h 1 l2 2 a1 6  120.0

h 1 l2 2 a1 6 -120.0

l1 1.54

l2 1.09

a1 110.0
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PM3 EF PRECISE

H2O (water)

MOPAC input as a Z-matrix

O

H         0.96000  1 1

H         0.96000  1 104.00000  1 1 2

AM1 EF PRECISE

H2O (water)

MOPAC input in Cartesian coordinates

O        0.0000  0 0.0000  0 0.0000 0

H        0.9600  1 0.0000  0 0.0000 0

H       -0.2322  1 0.9315  1 0.0000 0

Read input
Calculate geometry

Assign basis set

Calculate integrals

Initial guess

Self-consistent Field

Calculate atomic forces

Population analysis

Calculate 
new 

geometry
Calculate 

new 
geometry

Read input
Calculate geometry

Assign parameters

Self-consistent Field
iterations

Calculate atomic forces

Population analysis
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http://www.cmbi.kun.nl/~schaft/molden/molden.html

G.Schaftenaar and J.H. Noordik, "Molden: a pre- and post-processing program for molecular and 
electronic structures", J. Comput.-Aided Mol. Design, 14, 123-134 (2000) 
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a pre- and post processing program of molecular and electronic structure
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Rules

1. Atoms are represented by atomic symbols: B, C, N, O, F, P, S, Cl, Br, and I. 
2. Double bonds are `=', triple bonds are `#'. 
3. Branching is indicated by parentheses. 
4. Ring closures are indicated by pairs of matching digits. 

Examples
Depiction SSMILES Name                                 Remark

C methane hydrogens fill normal valence

CCO ethanol a single bond is assumed to
join adjacent atoms

CC(=O)O acetic acid parentheses are used to 
indicate branching

C1CCCCC1 cyclohexane bonds can also be represented
by pairs of matching digits

SMILES
Simplified Molecular Input Line Entry Specification



http://www2.chemie.uni-erlangen.de/software/corina/free_struct.html

Automatic generation of 
three-dimensional atomic
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http://chem.sis.nlm.nih.gov/chemidplus/

Input type codes:

alc -- Alchemy file macmod -- Macromodel file             
prep -- AMBER PREP file                 micro -- Micro World file             
bs -- Ball and Stick file               mm2in -- MM2 Input file               
bgf -- MSI BGF file                     mm2out -- MM2 Output file             
car -- Biosym .CAR file                 mm3 -- MM3 file                       
boog -- Boogie file                     mmads -- MMADS file                   
caccrt -- Cacao Cartesian file mdl -- MDL MOLfile file               
cadpac -- Cambridge CADPAC file         molen -- MOLIN file                   
charmm -- CHARMm file                   mopcrt -- Mopac Cartesian file        
c3d1 -- Chem3D Cartesian 1 file         mopint -- Mopac Internal file         
c3d2 -- Chem3D Cartesian 2 file         mopout -- Mopac Output file           
cssr -- CSD CSSR file                   pcmod -- PC Model file                
fdat -- CSD FDAT file                   pdb -- PDB file                       
gstat -- CSD GSTAT file                 psin -- PS-GVB Input file
dock -- Dock Database file              psout -- PS-GVB Output file           
dpdb -- Dock PDB file                   msf -- Quanta MSF file                
feat -- Feature file                    schakal -- Schakal file               
fract -- Free Form Fractional file      shelx -- ShelX file                   
gamout -- GAMESS Output file            smiles -- SMILES file                 
gzmat -- Gaussian Z-Matrix file         spar -- Spartan file                  
gauout -- Gaussian 92 Output file       semi -- Spartan Semi-Empirical file   
g94 -- Gaussian 94 Output file          spmm -- Spartan Mol. Mechanics file   
gr96A -- GROMOS96 (A) file              mol -- Sybyl Mol file                 
gr96N -- GROMOS96 (nm) file             mol2 -- Sybyl Mol2 file               
hin -- Hyperchem HIN file               wiz -- Conjure file                   
sdf -- MDL Isis SDF file                unixyz -- UniChem XYZ file            
m3d -- M3D file                         xyz -- XYZ file                       
macmol -- Mac Molecule file             xed -- XED file

BABEL A program designed to interconvert a number of 
file formats currently used in molecular modelling

Output type codes:

diag -- DIAGNOTICS file                     i -- IDATM file             
t -- Alchemy file                           macmol -- Mac Molecule file 
bs -- Ball and Stick file                   k -- Macromodel file        
bmin -- Batchmin Command file               micro -- Micro World file   
caccrt -- Cacao Cartesian file              mi -- MM2 Input file        
cacint -- Cacao Internal file               mo -- MM2 Ouput file        
cache -- CAChe MolStruct file               mm3 -- MM3 file             
c3d1 -- Chem3D Cartesian 1 file             mmads -- MMADS file         
c3d2 -- Chem3D Cartesian 2 file             mdl -- MDL Molfile file     
d -- ChemDraw Conn. Table file              ac -- Mopac Cartesian file  
con -- Conjure file                         ai -- Mopac Internal file   
contmp -- Conjure Template file             pc -- PC Model file         
cssr -- CSD CSSR file                       p -- PDB file               
feat -- Feature file                        report -- Report file       
fhz -- Fenske-Hall ZMatrix file             spar -- Spartan file        
gamin -- Gamess Input file                  mol -- Sybyl Mol file       
gcart -- Gaussian Cartesian file            mol2 -- Sybyl Mol2 file     
g -- Gaussian Z-matrix file                 maccs -- MDL Maccs file file
gotmp -- Gaussian Z-matrix tmplt file       xed -- XED file             
hin -- Hyperchem HIN file                   unixyz -- UniChem XYZ file  
icon -- Icon 8 file                         x -- XYZ file               

ftp://ccl.osc.edu/pub/chemistry/software/UNIX/babel/

BABEL A program designed to interconvert a number of 
file formats currently used in molecular modelling



http://openbabel.sourceforge.net/wiki/Main_Page
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http://ligand-depot.rutgers.edu/
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isodensity surface color coded
with the electrostatic potential
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CVFF

AMBER8

AMBER (Assisted Model Building with Energy Refinement)

CHARMm® (Chemistry at HARvard Macromolecular Mechanics)

CVFF (Consistent-Valence Force Field)

OPLS (Optimized Potentials for Liquid Simulations)

GROMOS  (GROningen MOlecular Simulation package)
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TRATAMIENTO EXPLÍCITO
DEL DISOLVENTE

octaedro truncado

“gotas” o “conchas” de agua
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SuperStar

• Calculate binding positions for specific 
probe atoms in protein active sites 

• Identify functional groups in binding-site 
• Look up relevant IsoStar scatterplots and 

overlay on functional groups
• Contour - combining by taking products

+ =

SuperStar Features

• Cavity detection

• Surface or pharmacophore point display

• Metal coordination

• Hyperlinking to IsoStar scatterplots 

• Choice of CSD- or PDB-based maps

• Gaussian fits

map for aromatic CH carbon probe
generated at the binding site of the 

protein-ligand complex 1CPS.



http://relibase.ccdc.cam.ac.uk/

http://relibase.ebi.ac.uk/

http://relibase.rutgers.edu/

Binding Site Superposition

Analysis of 3D Queries

Distance Distribution

Torsion Distribution

Benzamidine-Carboxylate
Interactions

Relibase: http://relibase.ccdc.cam.ac.uk/

• Protein-ligand database system 

• Based on original software developed by 
Manfred Hendlich and colleagues at Merck  
and Marburg University

• Enables searching of PDB and of in-house 
proprietary databases



Some Relibase+ Options

• Text searching

• Sequence searching

• 2D substructure and similarity searching

• 3D substructure searching

• Logical combination of hit lists

• Searching for intermolecular interactions

• Auto-superposition of similar binding sites

• Scripting facility based on Python
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Journal of Medicinal Chemistry 47(18): 4439-4452 (2004)
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• AutoGrid computes grid maps
– Representation of macromolecule

• Regular orthogonal lattice of points

– Ligand ‘probe’ samples force field 

– One map for each ligand atom type

• AutoDock uses trilinear interpolation
– to compute interaction energy between ligand and target

• Non-bonded energy is pre-calculated

• Saves time: ~100x faster than traditional non-bonded 
pair list method
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• Grid box depends on:
– Orientation with respect to protein.

– Where should I center the grid box?
– Center on ligand;

– Center on macromolecule;

– Pick atom;

– Type in x-, y- and z-coordinates.

– Spacing (0.2 Å - 1.0 Å: default 0.375 Å).

– Specify an Even Number of x-, y-, z-points (2×2×2 -
126×126×126).

• % makebox mol.gpf > mol.gpf.box.pdb

9 �� ����* ��- �" ����

• Set Root of Torsion Tree:
– By interactively picking, or

– Automatically. 
• Smallest ‘largest sub-tree’.

• Interactively Pick Rotatable Bonds:
– No ‘leaves’;

– No bonds in rings;

– Can freeze:
• Peptide/amide/selected/all;

– Can set the number of active torsions that move either the 
most or the fewest atoms

	, 
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• SA.dpf → Simulated Annealing

• GA.dpf → Genetic Algorithm

• LS.dpf → Local Search
• Solis-Wets (SW)

• Pseudo Solis-Wets (pSW)

• GALS.dpf → Genetic Algorithm with Local 
Search, i.e. Lamarckian GA
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∆Gbinding = ∆GvdW + ∆Gelec + ∆Ghbond + ∆Gdesolv + ∆Gtors

• ∆GvdW

12-6 Lennard-Jones potential

• ∆Gelec

Coulombic with Solmajer-dielectric

• ∆Ghbond

12-10 Potential with Goodford Directionality

• ∆Gdesolv

Stouten Pairwise Atomic Solvation Parameters

• ∆Gtors

Number of rotatable bonds
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• List of available RMSD tolerances
– Separated by spaces

• Histogram of conformational clusters
– Number in cluster versus energy

• Pick a cluster 
– makes a list of the conformations in that 

cluster;

– makes this the current sequence for 
states player.
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6-[6-hydroxymethy-5-methyl-
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0.933.652.02dhbt (not publicly available)

0.630.881.165-iodouracil-anhydrohexitol

0.771.039.335-iododeoxyuridine

0.720.780.82deoxythymidine

GOLDFlexXDOCKligand
Docking method

�
��
-�
��
�

��
��

�
�

Z4
�
��
��
��

�
��
��

+�
��
�B
��
��
��
��

�
��

��
��
b/
�9�
��

��B
�
;*
�

�
�
��
[

+��
�
��
��
���
��
�9
��

�
B�
��
�-
��
��
��
��
/

G��� ����������9��������+D\/��������
��������0��2�������-��

6 �������9��������

\��@ �����*2
���0 ��
������
��
�
�� �����9�$ � ������:���������������
�������
������9�� �
� �
�	 ������� � 	 ������� 2��@ ������������
������
���

����

������9����*2
���0 �
����
������9��
������A

���
������������
����
�����
���������������2��@ �����B����������
����B�����
���
����

 �����
�0 �B��2�������9���������� ����2��-�����@ �������
����2����9�
��99������� � �� � 
� � ������2�������+����������2��
�������0����2����9�
B� �������2�����������������
��������
��
������
����������� �
��
��������/



P�� �� =������ P0 =�P��& �� 9 2 =�' �, �3 � �P=�1 , 
��, � �L%
0 ��
����" ������ ������
������� ���
���� ������
�� �� �
���������
�B ��� %

/. :�. ���. �.) ) .�� ../  S + T T

������� ���� ���
9 S S 0 <' : ) .�
���� 8 U �
���
$ ���

FQ Q �U� �L"5 ���� FQ Q �

��� ��
�
2
��

��������
�
�
2
���

��
��
2����B����
���
� �������� �

A������ ����8���:

� ���B���� 
�
2
�����

���������
��������4 G6

D�:�������B����
��� �
��
�����������

��������

,����*
��-�����.�
9������

B
��
��-�������
9�������+�� �  /

,����*��-�.�
��������

�����
�
����
���

,9��'����*B�����.�
���������,����������.�����������

������������9�����������
���������

��������� ��5 8 D 0 9 �1 	5 ��7 �7 > 
��
�G�� 6  � �F8#4�4K��  6 8	<

< �
�*��9������������������
������9����
@ ����

4 G6 0 ,4
��� �����
������9�6 @ ���.

dorzolamide

http://www.chem.ox.ac.uk/ccdd/ccdd.html

�����������	
	����
	��� VEGFr1Protein-Tyrosine-
Phosphatase 1B

FarnesyltransferaseRAF

CDK-2Fibroblast Growth Factor 
Receptor

c-ABL Tyrosine KinaseCyclooxygenase (COX-2)

Insulin Tyrosine KinaseRAS proteins

Vascular Endothelial Growth
FactorSuperoxide dismutase



http://FightAidsathome.scripps.edu

(���)�������*�����

0 �������
���
��9 �� ���+# �
����! 
�B ��� ����
! ��� �! ���� �

;�������: S S .��2-,/�: ) V W ������� �.) ) : ��+1/�.: V

 :����������B���
	�����
���������9����

������
��2����������
����
9����
��B����
���
�
2
��

< �@ ����B��
	�����
����
����9����

������
���������
������
9����
���������
�
2
��

��������� 
�
2
��
���������

���
���������

6 ������9���� ����-���
���������
����
��������
���

= �������� 
�
2
��
= ��������

���
= ��������

F��
��

6 ������9���� ����-�����������

����
������
�����

= ������

�G< <  �D8G< �# DA  < � ;=  48�  < D��G< <  �D8G< �# DA  < � ;=  48�  < D�
D? G4K��< � ��G� = � D 4�6 8� � F�D8G<D? G4K��< � ��G� = � D 4�6 8� � F�D8G<

MODELLED
SYSTEM

MODEL
BUILDING

REAL
SYSTEM

EXPERIMENTAL
RESULTS

DESIGN OF
EXPERIMENTS

EXACT RESULTS
FOR THE MODEL

THEORETICAL
PREDICTIONS

COMPUTER
SIMULATIONS

BUILDING OF
APPROXIMATE THEORIES

COMPARISON COMPARISON

MODEL
ASSESSMENT

TEST OF THE
THEORY

� D �1 8 �? 7 1 �P�9 	? ' �

= 4 	� < D�6 ��= G4���I G4

 *�
��0�federico.gago@uah.es


