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Identification of Active Ligands (

’ Identification of Suitable Descriptors (molecular fingerprint) l

Establish Mathematical Expression Relating Descriptors to Activity

Construction and Validation of the QSAR model
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QSAR Limitations

« Congeneric Series
« Same Binding Mode
* Lack of 3-D Structural Information

e Statistical Limitation
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(i) Multivariable linear regression analysis (MLR)

(ii) Principal component analysis (PCA)

http://setosa.io/ev/principal-component-analysis/

(iii) Partial least square analysis (PLS)

least square applications
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Squared Correlation , izzl:(Yexp,i Yealc,i)
Coefficient R2 or r2 r=1--=5
Z(Yexp,i _Y)2
=1

2 =
Cross-Validated R? Q2 or g? q° =1--=5
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Squared Correlation — ;( exp. ci)
Coefficient R or r? N

Z (Yexp,i _ V)2

0<r*<1 =

Z( exp,i _YCaIC|
Z( expi
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Internal Predictivity Evaluation

Cross-validated R? Q2 or g?
, Z( expi — predl Z( expl_ pred|
=q°=1-- - SDEP =1/&
Z( exp,i _Y)2 N

The predictive ability of a model is estimated
using a reduced set of structural data
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 K-fold cross-validation

- Repeated random

sub-sampling validation

Object/Groups

@ Leave_one_out cross_ Excluded Properties
validation \<: .
L

Differences

The process is repeated

untill all objects/groups
are predicted

“PRESS”
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A statistical test of prediction tools, in which models are fitted for randomly reordered
property/activity values and compared with the model obtained for the actual
property/activity values.

A new model is obtained for such
permuted data, R? and Q2 are then
recalculated.

This step is repeated for a sufficient
number of times (iterations):

a good number being 50 to 100.

0 Original Xblock — \/alues obtained In the above fashion are
Scrambled Y vector compared with the true values obtained for
Scrambling the model that was fitted on the real data.

Original Y vector
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Xernal 1est-o€
SDEP (Standard Deviation Error of Prediction)

Z( exp,i pred,i)2

N

\

N° of predicted compounds

SDEP:\
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oJ. Med. Chem. 1985, 25, B49-857 B49

Articles

A Computational Procedure for Determining Energetically Favorable Binding Sites
on Biologically Important Macromolecules

P. 1. Goodford

The Laboratory of Molecular Biophysics, The Rex Richards Building, University of Oxford, Oxford OX 1 3QU, England.
Received Auguast 3, 1984

The interaction of a probe group with a protein of known structore is computed at sample poeitions throughout
and around the mecromaolecule, giving an array of energy values. The probes include water, the methyl group, amine
ritrogen, carboxy oxvgen, and hydrozyl. Contour surfaces at appropriste energy levels are caleulated for each probe
and displayed by compater graphics together with the protein structure, Contours at negative energy levels delineats
regions of attraction between probe and protein and are found at known ligand binding clafts in particular. The
contours also enable other regions of attraction to be identified and facilitate the interpretation of protein-ligand
energetics, They may, therefore, be of value for drug design.

Description of Molecules with Molecular Interaction Fields (MIF)
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PLS (Partial Least Squares) Analysis Y vector X matrix
BA,| [S,, 518, Sp---- S, E; Epp... .. E,.,
From u = kt BA,| S, S3 85 S5 ----- Sy Epq Eppe.. .. E,.,
BA,| |S,, s, Sas Sap-- - - SME, E,..... E,,
(k = constants k,, k, ... k;; : T S :
. $§.8.8,.....8 E.E_.....
j = number of PLS vektors) BA| [ Sm Se2 Sus S Sum B Erp Eom
l PLS analysis l SAMPLS analysis
follows: _
Uy tiq t Ciy Cy3 Cy3 vnvnnn Cin
Ui ty | |t Ca1 €23 Cp3------ Can
BA, = a1SI1 +a,S,+asS, Uy, ta| [t | € €3 €3 Cyp-vnnn. ¢y
+..ta,S, : : : S
x . : . -
3 +b,E, +b,E,+b,E,; Uy, t, ||ty s eeee €4 Cpp Cpg - - - - - Con
+..+b,E, PLS vectors covariance matrix

(latent variables)

Reduction of Dimensionality into Few New Highly Informative Entities

----- Principal Components -----

! Introduction to Ligand-Based Drug Design Chimica Farmaceutica




rCo0d

i mnr wur Fuweooncl &t

J. Am. Chem. Soc. 1988, 110, 5959-5967 5959

Comparative Molecular Field Analysis (CoMFA). 1. Effect
of Shape on Binding of Steroids to Carrier Proteins

Richard D. Cramer, IIL,* David E. Patterson, and Jeffrey D. Bunce

Contribution from Tripos Associates, 1699 South Hanley Road,
St Louis, Missouri 63144. Received January 5, 1988
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 Properties are calculated using computer software

 No experimental constants or measurements are involved

* Properties are known as ‘Fields’

« Steric field - defines the size and shape of the molecule

* Electrostatic field - defines electron rich/poor regions of molecule
« Hydrophobic properties are relatively unimportant

Advantages over classical QSAR

 No reliance on experimental values (i.e. logP)

 Can be applied to molecules with unusual substituents
* Not restricted to molecules of the same structural class
« Improved predictive capability
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Molecular

Training Molecular Interaction Model Internal and
Fields : External
Generation validation

Set Alignment
(MIF)
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Molecular

Training Molecular Interaction Model Internal ana
Fields External

Generation Validation

lignment
(MIF)
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Molecular
Training Molecular Interaction Model Internal and

ol Alignment

. ; External
Fields Generation Validation
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Training

\Y [o] [Ye{U] F:1g
Molecular
Set

Interaction Model
Alignment Fields Generation

Internal and
External
Validation
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Molecular

Training Molecular Interaction Model Internal and
Fields External

Generation Validation

Set lignment
(MIF)

Relazione QSAR
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Molecular Internal
Training Molecular Interaction Model and

Set Alignment Fields Generation External
), Validation

SDEP = \ Z(yexp o ypred)2 /n—1
=1-— Z(yexp ypred)2 /Z(yexp y)2
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Conformation of the training set molecules
« Superimposition of the training set molecules

(molecular alignment rules)

Original CoMFA Tricks:
* Very rigid molecules: steroid scaffold!!!!

Directed superimposed atom by atom!!!!
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« Conformation of the training set molecules

« Superimposition of the training set molecules

(molecular alignment rules)

Original CoMFA Tricks:
- Very rigid molecules: steroid = F g

* Directed superimposed atom b a j 1§
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The Lattice Model: A General Paradigm for
Shape-Related Structure/Activity Correlation
Cramer, R.D., and Milne, M., Abstracts ACS
Meeting, Honolulu, 1979, COMP 44.

SIAM J. Sci. and Stat. C f Volume 5 /
The Collinearity Problem in Lmear Regressmn The Partial
Least Squares (PLS) Approach to Generalized Inverses

S. Woald, A. Ruhe, H. Wold, and W. J. Dunn, Il
SIAM J. Sei. and Stat. Comput. Volume 5, Issue 3, pp. 735-743

J. Am. Chem. Soc. 1988, 110, 5959-5967 5959

Comparative Molecular Field Analysis (CoMFA). 1. Effect
of Shape on Binding of Steroids to Carrier Proteins

Richard D. Cramer, III,* David E. Patterson, and Jeffrey D. Bunce

Contribution from Tripos Associates, 1699 South Hanley Road,
St. Louis, Missouri 63144. Received January 5, 1988

Baroni, M.; Costantino, G.; Cruciani, G.; Riganelli, D.; Valigi,
R.; Clementi, S.,
Generating Optimal Linear Pls Estimations (Golpe) -

Advanced Chemometric Tool for Handling 3D-QSAR
Problems.
Quant Struct-Act Rel 1993, 12, (1), 9-20.

J. Med. Chem. 1884, 37, 2589-2601

Comparative Molecular Field Analysis Using GRID Force-Field and GOLPE
Variable Selection Methods in a Study of Inhibitors of Glycogen
Phosphorylase b

Gabriele Cruciani®' and Kimberly A. Watson®

Department of Chemistry, University of Perugia, Via Eice di Sotto, 8, 06100 Perugia, Italy, and Laboratory of Molecular
Biophysics, University of Oxford, South Parks Road, OX1 3QU, Oxford, England
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International Burean

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 5 : (11) International Publication Number: WO 92/22875

GOGF 15/46 Al | (43) International Publication Date: 23 December 1992 (23.12.92)

(21) International Application Namber: PCT/US91/04292 | Published
With international search report.
(22) Intemational Filing Date: 17 June 1991 (17.06.91)

(71)72) Applicants and Invemtors: CRAMER, Richard, D., 111
[US/US]; Tripos Associates, Inc., 1699 S, Hanley Road,
Ste. 303, St. Louis, MO 63144 (US). SVANTE, Wold
E_S[%;US]; 371 Highland Avenue, Winchester, MA 01890

(74) Agent: LIPTON, Robert, S.; Lipton & Famiglio, 201 N.
Jackson Street, P.O. Box 546, Media, PA 19063 (US).

(81) Designated States: AT (European patent), BE (European
patent), CH (European patent), DE, DE (European En-
tent), DK (] patent), ES (Europ patent), FR
(European patent), GB, GB (European patent), GR (Eu-
ropean patent), IT {(European patent), JF, LU (European
patent), NL (European patent), SE (European patent).

(54) Title: COMPARATIVE MOLECULAR FIELD ANALYSIS (CoMFA)
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« 4-D QSAR, each molecule is represented bv ¢ ensemble of
conformations, orientations, and protoi'i tic v siates

« 5-D QSAR, inclusion of the inducef t

« 6-D QSAR, the simultaneoiis' evaluation of different solvation
models

« CoMSIA

« Vo!Sur'®

Development Application
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Open3DQSAR

An open-source software aimed at
high-throughput
chemometric analysis of molecular
interaction fields

Paolo Tosco,?® Thomas BalleP

9 Department of Drug Science and Technology,
University of Turin, via Pietro Giuria 9, 10125 Torino, Italy
b Department of Medicinal Chemistry,

The Faculty of Pharmaceutical Sciences, University of
Copenhagen,

2 Universitetsparken, 2100 Kebenhavn, Denmark

Journal of Molecular Modeling 2011, 17, 201-208 doi
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and now a new 3-D QSAR explosion is expected.

In view of this event, at RCMD, we started an ambitious
project aimed to build a 3-D QSAR web server using just
open source or free software

8D.QSAR
AL, _/

J W J \V.com

THree=DimensionaL QUANTITATIVE Srnucruns-ﬂcrfwrv ReLaTionsHiPs SERVER
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