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Abstract

QSAR techniques have proven to be extremely valuable in pharmaceutical
research, particularly 3D QSAR. However, the necessity of descriptor calculation
and selection or conformer generation, and structural alignment makes use of
QSAR non-trivial. Demands for analysis of large data sets such as those being

generated by combinatorial chemistry and high throughput screening have
compounded this problem. Hologram QSAR (HQSAR) is a new technique which
employs specialised fragment fingerprints (molecular holograms) as predictive
variables of biological activity or other structural related data. By removing the

necessity for molecular alignment, models by HQSAR can be obtained more rapidly
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than other by techniques, which makes HQSAR readily applicable to both small
and large data sets. HQSAR models are comparable in predictive ability to those

derived from CoMFA studies and allow extension to database searching capability.

HQSAR

HQSAR is a new QSAR technique that avoids many of the problems associated with classical or
3D QSAR approaches[1]. Only 2D structures and activity are required as input — no selection
of descriptors or 3D molecular alignment is needed. HQSAR converts the molecules of a data
set into counts of their constituent fragments. These fragment counts are then related to
biological data using Partial Least Squares (PLS) analysis. Both steps, fragment counting and
PLS analysis, are very fast. Nevertheless, the method is robust and highly predictive for many
data sets. The details of the method will be published elsewhere.

In this study[2], HQSAR analysis was performed on seven different sets of compounds,
examining nine types of biological activity. Four of these data sets had previously been studied
with CoMFA and three with other QSAR methods. The data sets are described below along with
the relevant publications. We also calculated CLOGP values for a data set of 1152 compounds,
some of the compounds could not be calculated by CLOGP. We used a QSAR model derived by
HQSAR to predict the remaining compounds.

Data Sets

Ia 42 Benzodiazepines, binding affinities at Diazepam-sensitive (DS) benzodiazepine receptor[3,4,5]
,,.

Ib 42 Benzodiazepines, binding affinities at Diazepam-insensitive (DI) benzodiazepine
receptor[3,4,5] .

Ic 42 Benzodiazepines, selectivity between Diazepam insensitive and sensitive benzodiazepine
receptors[3,4,5] (DI/DS)

II 50 Estrogen related steroids, inhibition of aromatase[6] .

III 28 Non-peptide angiotensin II receptor antagonists[7].

IV 21 Steroids, binding affinity at corticosteroid binding protein[8].

V 40 1-[(2-hydroxyethoxy)-methyl]-6-[phenylthio]thymine derivatives, inhibition of HIV-I reverse
transcriptase[9].

VI 13 Peptide and non-peptides leukotriene antagonists[10].

VII 37 bisamidines, activity against Leishmania mexicana amazonesis[11].

HQSAR Parameters



HQSAR analysis was performed over the default series of hologram lengths of 53, 59, 61, 71,
83, 97, 151, 199, 257, 307, 353, 401 bins. Only fragments between 4 and 7 were considered.

Table 1: Comparison of HQSAR and CoMFA QSAR models.

q2 r2 Std Err(cv) Std Err

Data
set

HQSAR CoMFA HQSAR CoMFA HQSAR CoMFA HQSAR CoMFA

Ia 0.65 0.70 0.90 0.99 0.62 0.59 0.34 0.09

Ib 0.62 0.73 0.92 0.96 0.25 0.18 0.55 0.45

Ic 0.81 0.79 0.97 0.98 0.56 0.56 0.24 0.18

II 0.78 0.67 0.89 0.89 0.70 NA 0.42 NA

III 0.48 0.48 0.85 0.93 0.81 0.75 0.43 0.28

IV 0.71 0.75 0.85 0.96 0.81 0.66 0.43 0.27

Data set V: Hansch analysis employing MR, hydration energy, and atomic charge

Data set VI: Apex 3D

Data set VII: Flexible fitting and use of molecular similarity indices

Table 2: Comparison of HQSAR and other QSAR models.

q2 r2 Std Err(cv) Std Err

Data
set

HQSAR Lit HQSAR Lit HQSAR Lit HQSAR Lit

V 0.83 0.67 0.99 0.87 0.70 0.74 0.18 NA

VI 0.80 0.51 0.99 0.87 0.64 0.51 0.17 0.44

VII 0.82 0.51 0.94 0.69 0.25 0.32 0.14 NA

Figure 1 shows the contribution graph of compounds of the Ic data set. As one can see on the
colorcoding the Cl in the compounds a) and c) has a negative contribution. Compound a), b)
and c) are included in the dataset. We changed the Cl to a Hydrogen and predict the new
activity with the model derived by HQSAR. The compound d) is not included in the data set if
one changes the negative fragment to a neutral or positv the activity increases



Validity of HQSAR Models

Figure 2 shows the results of randomization testing on the benzodiazepine selectivity data set
(Ic). 1000 HQSAR runs were performed in which the biological data was randomized with
respect to the training set compounds. Randomization of data and subsequent model
evaluation is performed to assess the statistical validity of the QSAR model, eliminating the
prospect of a chance correlation between descriptor variables and biological activity.
Randomization tests were performed for all data sets in this study and all gave results
qualitatively similar to that shown in Figure 2.

Figure 2: Histogram of q2 vs. frequency of occurrence for 1000 HQSAR runs with randomized
biological data.



Prediction of non biological data

HQSAR can also be used to predict other data related to the 2D structure of a molecule. We
used a data set of 1152 molecules. This data set represents biologically active compounds ( 77
biological classes) of the IndexChemicus 93 database (IC93)[12]. We used the data set to
calculate CLOGP.The program was able to calculate values for 77 % of the structures in data
set. In order to complete the data information we used HQSAR to predict the LOGP values of
all not calculated compounds.

Results

884 compounds out of 1152 were used to calculate a QSAR model to predict LOGP values. We
used the HQSAR standard settings to perform the calculation.

Hologram Lengths : 53, 59, 61, 71, 83, 97, 151, 199

Atom Counts in Fragments : Min = 4 ; Max = 7

Atoms: on



Bonds: on

Connections: on

Figure 3. HQSAR interface; shows actual input data and the results of the calculation.

As one can see the cross validated R2 value is 0.905, which means that the model is 90 %
predictive. The standard error of 0.816 (cross val.) is also very good. In figure 3 the
comparison between the predicted and the actual value (calculated LogP ) is shown.

Figure 4 List of the actual and the predicted values (cross validated and for the whole data set)



Figure 5. Graph of the predicted vs. Actual (cross val. and whole data set)

Conclusion

HQSAR is a rapid, highly predictive QSAR technique. Results described earlier show that HQSAR
can readily produce highly predictive QSAR models over a wide variety of data sets. In terms of
q2 values, the predictivity of HQSAR models is comparable to those derived from CoMFA and
better than the other methods under comparison such as Apex3D and Hansch analysis for the
data sets considered. Most importantly, HQSAR allows very rapid generation of QSAR models
making it applicable to both small and large data sets.
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