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Structure-Activity Relationships (SAR)
• Rule of 5 (drug like)

– donor<5, acceptor>10,mass<500Da,LogP<5
• Rule of 3 (lead like)

– donor<=3, acceptor>=3, mas<300Da, 
LopP>=3, rotational bond<=3, polar SA<=60Å
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Quantitative Structure-Activity 
Relationships (QSAR)

• Mathematical Models
Found a quantitative relationship
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Traditional methods - 2D(1964)
• parameters:

– Lipophilicity (log P, )
– Electronics (, Hammett correlation)
– Sterics (Es , molar refractivity)

• Statistical analysis
– One parameter : Linear regression
– Several Parameters : Multilinear regression

• Models of linear equations:
Log 1/C = k1 P1 + k2 P2 + k3 s + k4 Es + k5



3D-QSAR(1988)
• Parameters 

– Molecular Field calculation (software)

– Interpretation of CoMFA results
Three dimensional structure

• Describe ligand-receptor intereactions
– In vitro bioactivity



The key of QSAR
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Feature Selection

• Face identification
• Key features. 
• The same applies to 

molecules.



Descriptor Choice

乔木、灌木

阔叶、针叶

落叶、常绿
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Types of descriptor 
for molecules



Fingerprint

{ is-aromatic, has-ring, has-C }

{ has-ring, has-C }

{ has-C, has-N, has-O }

{ is-aromatic, has-ring, has-C, has-N, 
has-F }

If a universe of features 
U = { is-aromatic, has-ring, has-C, has-N, has-O, has-S, has-P, has-halogen }
there are 28=256 possible fingerprints

Tanimoto coefficient between fingerprints X and Y is defined to be: 
# features in intersect(A,B) / # features in union(A,B)







QSAR models



Useful parameters
• Log P :(partition coefficient) Hydrophobicity 

P = [drug] in octanol / [drug] in water
• p :substituent hydrophobicity constant 

x = log Px - log PH

• Hammett constant (1940) σ:
– Measure e-withdrawing or e-donating effects  (compared 

to benzoic acid & how affected its ionization)
• Taft’s steric factor (Es) (~1956)

– an experimental value based on rate constants
• Molar refractivity (MR)

– measure of the volume occupied by an atom or group
– equation includes the MW, density, and the index of 

refraction
• Verloop steric parameter-

– computer program uses bond angles, van der Waals radii, 
bond lengths



Sterimol parameter



3D-QSAR Parameters

• Traditional CoMFA fields

–
 

Steric fields, Lennard-Jones potential

– Electrostatic fields, Coulomb potential
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More 3D-QSAR Parameters

• Additional fields in CoMFA

– Interaction energies with functional groups 
(GRID software)

– hydrophobic field (HINT software)

– Molecular Lipophilicity Field (CLIP software)



Biological activity parameters

– IC50 (50% inhibiting concentration), 
– Ki (inhibitory constant), 
– MIC (minimum inhibitory concentration),
– Permeation



Workflow

Training set
design

Training set 
alignment

Molecular Interaction
Fields calculation

Statistical
analyses

Interpretation
Graphical representation



Training set design

3

4

5

6

7

8

9

10

0 1 2 3 4 5 6 7 8

Sets

pI
C

50
 M

A
O

 A



QSAR method

• Hansch method
• Free-Wilson method
• Craig Plots
• Topliss operational schemes



3D-QSAR methods

• Methods
– Molecular-shape analysis [1]
– Hypothetical Active Site Lattice (HASL) [2]
– RECEPS Programs [3]
– Crippen’s distance geometry [4]
– Voronoi binding sites [5]
– Comparative Molecular Field Analysis (CoMFA) [6]

• [1] Hopfinger A.J. J. Am. Chem. Soc. 1980, 102, 7196-7206
• [2] Doweyko A.M. J. Med. Chem. 1988, 31, 1396-1406 
• [3] Kato Y.; Itai A.; Iiatake Y. Tetrahedron 1987, 43, 5229-5236
• [4] Ghose A.K.; Crippen G.M. J. Med. Chem. 1985, 28, 333-346
• [5] Boulu L.D.; Crippen G.M. J. Comp. Chem. 1989, 10, 673-682
• [6] Cramer R.D. III; Patterson D.E.; Bunce J.D. J. Am. Chem. Soc. 

1988, 110, 5959-5967



Statistical models
• Linear (quantitative model)

– LR (linear regression)
– MLR (multi-linear regression)
– PCR (principle component regression)
– PLS (partial least square)
– SVR (support vector regression) 

• Nonlinear (qualitative model)
– SVM (support vector machine) 
– Bayesian statistics
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calcy 为计算活性； expy 为实验活性； meany

为计算活性平均值； n为样本个数； k 为变量个数

Evaluation of QSAR models



编号 描述子名称 物理意义 类别

1 Pmi 主惯性矩 空间参数

2 E_vdw 范德华构成的势能 电子参数

3 PmiY 以Y做主惯性矩 空间参数

4 PmiZ 以Z做主惯性矩 空间参数

5 Zagreb Zagreb指数 拓扑参数

6 PEOE- VSA+1 在[0.05，0.1）之间qi
 的vi

 

之和
空间参数

描述子及其所代表的物理量及类型

Descriptor Choice



Descriptor 
Combinations

RMSE R F 值

1 0.40642 0.37643 2.698
1+2 0.26828 0.79120 11.671

1+2+3 0.23969 0.70148 12.369
1+2+3+4 0.21909 0.86641 13.366

1+2+3+4+5 0.16442 0.92729 22.814
1+2+3+4+5+6 0.09823 0.97461 30.763

根据QSAR模型的拟合能力评价指标确定描述子的组合
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or PRESS0

Better prediction

Evaluation

• 交叉验证

– 相关系数

– 预测误差平方

• 预测集的预测



Statistical value for 3D-QSAR
•For the step of crossvalidation:

•Cross-validated correlation coefficient, q2.
•Optimal number of components, N.

•For the final model:
•Squared of correlation coefficient, r2.
•Standard error of estimate, s.
•Residuals.
•F values.



Crossvalidated r2
cv (q2)

Significant statistical results

0.50

Use results only with care when q2 > 0.4)

Negative values = prediction worse than
those based on the mean over all compounds !

0.00 = No Model!

1.00 = Perfect prediction
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A example by MOE

• Compound database
– mytrps.mdb

• Statistical Model
– PLS



DBV|Compute|Descriptor 87 molecules altogether

Descriptor Choice



DBV|Compute|Diverse Subset

Subsets Popup|Sort up



Training set 
and 

Test set



Statistical model

DBV|Compute|QuaSAR-Model



Validation



Outliers?



Fit model II  Vailidation II



After refinement



Training dataset III

DBV|Compute|Analysis|Correlation plot

Again, delete 
outliers with Z- 
SCORE>1.5, 

44 entries

RMSE=0.0739945, 
R2=0.993785,      
XRMSE=0.48619, 
XR2=0.770392

trypsinpred.fit



Model Evaluation

DBV|Compute|Calculator

DBV|Compute|Model-Evaluate



Model Evaluation



Course Outline
• Introduction and Case Study
• Drug Targets

– Sequence analysis
– Protein structure prediction
– Molecular simulation

• Molecular Docking
• Drug Design

– QSAR
– Pharmacophore
– De novo Drug Design
– Combinatorial library
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