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Abstract

We tried to improve descriptive ability of RDFs similarity indices. New similarity de-

scriptors are result of comparision RDFs at different intervals. In a practical example we

used RDFs similarity descriptors to correlate the CBG activity of steroids. The models with

high internal predictivity measured with Q2 have been reported in this work. On the other

hand applicabilty of this method for QSAR modeling is rather limited due the fact that few

descriptors apearing in proposed models are selected from very large pool of RDF similar-

ity descriptors (217 descriptors vs 31 compounds) this may lead to chance correlation and

missleading statistics.

1 Introduction

Structure-based descriptors can be related to a relevant molecular property or biological activ-

ity by some statistical procedure in manner to derive quantitative structure property/activity

relationships (QSPR/QSAR) models. An alternative approach for determining structure prop-

erty/activity correlations is using an elements from similarity matrices as a molecular descriptors.

The rationale for similarity lies in the similarity-property principles which states that structural

similar molecules tends to exhibit similar properties.
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In this work we generated molecular similarity indices with comparison of selected intervals

of RDFs rather than complete codes as we did in our previous work [1] where we used RDF

similarity indices in manner to generate models for prediction octane numbers for octane isomers.

The application of method deals with a dataset of 31 steroids that bind to the corticosteroid

binding globuline (CBG) receptor. This dataset has been formed for the introduction the widely

used Comparative Molecular Field Analysis by Cramer et al [4]. Molecular similarity calculations

[5–8] and autocorrelation of molecular surface properties [9] were performed for these molecules

and analyzed by neural networks and statistical methods.

2 Methodology

The molecular geometries of 31 steroids that binds to CBG have been found on website of prof.

Gasteiger’s research team [10]. Gasteiger atomic charges [11] are calculated with PETRA [12]

(Property Estimation of for the Treatment of Reactivity Applications). The charges fitted

from electrostatic potential (ESP) [13] and Mulliken charges [14] are calculated with AMPAC

[15] molecular modeling package using semiempirical AM1 method [16]. Gasteiger∗, ESP∗ and

Mulliken∗ are atomic charges calculated with summation of hydrogen charges on heavy atom

charge.

Gasteiger et al. [2] proposed radial distribution function (RDF) as a new 3D-molecular descrip-

tor. This function is well documented in physics and physical chemistry in general and in X-ray

diffraction in particular [3]. The RDF (G(r)) of molecule is defined by equation:

G(r) =
n∑

j=1

n∑
i=j+1

pipj exp (−B(r − rij)
2), (1)

where n is number of atoms pi (pj) is property of atom i (j), rij is the distance between atoms

i and j, B is a smoothing parameter.

In our work we used two different similarity indices (Carbo [17], Hodgkin [18]) to quantify RDF

similarity. The most widely used form of similarity index was proposed by Carbo.

Cl,m =

∫
PlPm dV

(

∫
P 2

l dV )1/2(

∫
P 2

m dV )1/2

(2)

The numerator in equation 2 measures property overlap while denominator normalizes similarity

result. To increase sensitivity of sensitivity to property magnitude Hodgkin et al. proposed a

modification of the Carbo index:

Hl,m =
2

∫
PlPm dV

∫
P 2

l dV +

∫
P 2

m dV
(3)
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We used these two formulations for definition of similarity of partial radial distribution functions.

Ck
l,m =

∑
i∈k

Gl,iGm,i

[∑
i∈k

G2
l,i

]1/2[∑
i∈k

G2
m,i

]1/2
, (4)

Hk
l,m =

2
∑
i∈k

Gl,iGm,i

∑
i∈k

G2
l,i +

∑
i∈k

G2
m,i

, (5)

Ck
l,m (Hk

l,m) is similarity index between RDF distributions of molecules l and m in k-th interval.

RDF is defined in equally distributed points (10 points/Å), smoothing parameter is set to 25

Å−2, width of each of 7 intervals is 1.6 Å (the range of the length of C-C bond). C++ program

using Openbabel open-source library [19] has been written for calculation and comparison of

partial RDF codes. The RDF similarity indices are then collected in similarity matrix. The

elements of the RDF similarity matrix have been imported into the program CODESSA [20] as

external descriptors. The multiparameter regression models have been then generated using a

heuristic parameter selection method as given within CODESSA.

3 Results and Discussion

As an example of application of our approach we used similarity matrices to describe a set of

corticosteroids in order to search for QSAR models correlating the CBG activity of the molecules

with their RDF similarity to each other. CBG affinity data of 31 steroids are collected in table

1.
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Table 1: CBG binding affinity data. Names, CBG activity and activity classes for set of 31

steroids. Activity classes: 1 - high activity; 2 - intermediate activity; 3 - low activity.

No. name pK activity

log (1/K) class

1 aldosterone -6.279 2

2 androstanediol -5.000 3

3 5-androstenediol -5.000 3

4 4-androstenedion -5.763 3

5 androsterone -5.613 3

6 corticosterone -7.881 1

7 cortisol -7.881 1

8 cortisone -6.892 2

9 dehydroepiandrosterone -5.000 3

10 11-deoxycorticosterone -7.653 1

11 11-deoxycortisol -7.881 1

12 dihydrotestosterone -5.919 2

13 estradiol -5.000 3

14 estriol -5.000 3

15 estrone -5.000 3

16 etiocholanolone -5.255 3

17 pregnenolone -5.255 3

18 17α-hydroxypregnenolone -5.000 3

19 progesterone -7.380 1

20 17α-hydroxyprogesterone -7.740 1

21 testosterone -6.724 2

22 prednisolone -7.512 1

23 cortisolacetate -7.553 1

24 4-pregnene-3,11,20-trione -6.779 2

25 epicorticosterone -7.200 1

26 19-nortestosterone -6.144 2

27 16α,17α-dihydroxyprogesterone -6.247 2

28 16α-methylprogesterone -7.120 1

29 19-norprogesterone -6.817 2

30 2α-methylcortisol -7.688 1

31 2α-methyl-9α-fluorocortisol -5.797 2
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Figure 1 represents comparison of the RDF of 2α-methylcortisol and 2α-methyl-9α-fluorocortisol

at four different intervals. Gasteiger∗ charges are used as a characteristic atomic property in

RDF definition. Results of similarity indices calculations between these two molecules for the

four different intervals are collected in table 2.
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Figure 1: RDF comparison of 2α-methylcortisol and 2α-methyl-9α-fluorocortisol.

From the figure 1 and table 2 it can be observed that the RDF of both molecules are the same

at the interval between 9.6 and 11.2 Å and they are the most different at the interval between

4.8 and 6.4 Å. From the results collected in table 2 it can be also seen that the Hodgkin type

index is more sensitive than Carbo type index. According to this fact Hodgkin type indices were

used in generation of QSAR models.
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Table 2: Similarity of partial RDF between 2α-methylcortisol and 2α-methyl-9α-fluorocortisol.

Ck (Hk) - Carbo (Hodgkin) index of k-interval.

k interval Ck Hk

4 4.8-6.4 Å 0.7738 0.6151

5 6.4-8.0 Å 0.8084 0.7369

6 8.0-9.6 Å 0.8101 0.7863

7 9.6-11.2 Å 1.0000 1.0000

The dependance of the RDF similarity indices on conformational changes of 2α-methylcortisol

has been studied. The indices collected in table 3 are measure of similarity between conforma-

tion generated with CORINA and conformations listed in table 3 obtained by rotation of side

chain at the position C17 about the wedge bond.

Table 3: The dependence of the RDF similarity indices at four different intervals on conforma-

tional changes of side chain at the position C17 of 2α-methylcortisol.

torsion angle Similarity index

conf. O=C20-C17-C16 H4 H5 H6 H7

1 -20.8◦ 1.0000 1.0000 1.0000 1.0000

2 -60◦ 0.5047 0.9882 0.3557 -0.4300

3 -30◦ 0.7949 0.9982 0.8729 0.5108

4 0◦ 0.3608 0.9792 0.4183 0.9367

5 30◦ 0.8949 0.9804 -0.2950 0.8832

6 60◦ 0.8299 0.9733 -0.1512 0.8810

From the results collected in table 3 it can be seen that the value of RDF similarity indices

depends strongly on a molecule’s conformation. Fortunately, steroids taken as an example are

rather rigid molecules and some of them have flexibile side chain at the position C17. The ori-

entation of the this side chain was left the same as is generated by CORINA (tipical value for

torsion angle O=C20-C17-C16 is -20.8◦) .

The effect of charge model choice on the quality of the regression models for the correlation

between RDF similarity of steroids and their CBG activity has been studied. The results of this

study are collected in table 4.
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Table 4: Comparison of five parameter regression models for correlation between RDF similarity

of steroides and their CBG activity.

Charge R2 F s2 Q2

Gasteiger 0.919 56.87 0.12 0.885

Gasteiger∗ 0.933 70.10 0.09 0.905

Mulliken 0.896 43.11 0.15 0.849

Mulliken∗ 0.936 72.66 0.09 0.902

ESP 0.910 50.28 0.13 0.874

ESP∗ 0.905 47.64 0.13 0.864

It can be observed from statistical results collected in table 4 that choice of charge model

has no significant effect on quality of regression models. The values of leave one out cross-

validation coefficient Q2 lies between 0.849 (Mulliken) and 0.905 (Gasteiger∗). The Gasteiger∗

charges (hydrogen charges summed on heavy atom) were selected as a characteristic property in

RDF definition (equation 1), similarity indices calculation (equation 5) and generation of QSAR

models, consequently. The calculation of Gasteiger∗ charges is straight forward of without

solving an electron molecular structures by applying of semiempirical or ab initio methods.

The heuristic method within CODESSA were used for selection of descriptors from the base of

217 (31 compounds x 7 intervals) RDF similarity indices and for generation of QSAR models.

Equations from 6 to 9 represent two to five parameters regression models for correlation between

RDF similarity of corticosteroides and their CBG activity.

pK = −4.64(±0.24) + 2.21(±0, 39)H6
18 − 3.05(±0, 31)H2

25

(R2 = 0.82, F = 64.93, s2 = 0.22, Q2 = 0.79);
(6)

pK = −4.63(±0, 20) + 2.17(±0, 34)H6
18 − 2.77(±0.25)H2

22

−0.86(±0.24)H5
29

(R2 = 0.87, F = 55.90, s2 = 0.17, Q2 = 0.84);

(7)

pK = −5.51(±0.12) − 1.61(±0.21)H5
20 − 1.69(±0.24)H5

23

+1.16(±0.24)H4
5 − 0.96(±0.25)H4

6

(R2 = 0.91, F = 62.14, s2 = 0.13, Q2 = 0.87);

(8)

pK = −5.60(±0.10) + 0.80(±0.19)H7
4 + 1.34(±0.16)H4

18

−2.23(±0.25)H4
6 − 1.29(±0.24)H4

24 − 0.79(±0.22)H5
10

(R2 = 0.93, F = 70.10, s2 = 0.09, Q2 = 0.90).

(9)

Hodgkin type index H6
18 appearing as a descriptor in equations 6 and 7 for example represents
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a measure of similarity between 6-th interval of RDF of molecule 18 and the corresponding

interval of RDF of any other molecule in set. From the two parameter model (equation 6) it

can be seen that the RDF code of active compound should have the dissimilar shape than the

corresponing one of compound 18 in 6-th interval (8.0-9.6 Å) and similar shape than one of

compound 25 in 2-nd interval (1.6-3.2 Å). Shape of RDFs on the 6-th interval is result of long

distance correlation between atoms. We can expect that an important contribution to RDF

shape in this interval arose from correlation between atoms that are close to positions C3 and

C17 (The distance between these two atom centers is about 8.5 Å for given set of steroids).

Similar relative position of neighborhood atoms results in similar contribution to shape of RDFs

on 2-nd interval therefore active compound must have similar decoration of steroid skeleton as

compound 25 (epicorticosterone). From statistical results attached to equations from 6 to 9

it can be observed that adding of new parameters have effect to improvement of correlation

between RDF similarity indices and CBG activity. On the other hand selecting a combination

of few descriptors from the pool of 217 in order to find best fit for 31 propeties is risky due to

chance correlation, therefore equations 6 to 9 are far less significant than they seem to be [21].

Figure 2 shows the correlation between experimental and calculated values of CBG activity for

set of steroids. The values were calculated using equation 9.
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Figure 2: Correlation between experimental and calculated values of CBG activity for set of

steroids. The calculated values were computed by equation 9.
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4 Conclusion

The calculation of molecular similarity indices with comparison of radial distribution function is

very fast and straightforward. The important feature of RDF code is rotational and translational

invariant, therefore optimization of partial RDF codes alignment is not needed. The RDFs used

here are based on interatomic distances thus the similarity indices from RDF are very sensitve

to the change of molecular conformation. Applicability of our approach for generating QSAR

models is limited due the fact that the number of generated RDF similarity descriptors is 7 fold

bigger than number of compounds. In such case there is always risk of chance correlation and

consequently missleading values of conventional F .
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