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Quantitative structure activity relationship models based
on heuristic method and gene expression programming
for the prediction of the pK, values of sulfa drugs
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Abstract: Quantitative structure-property relationships (QSPR) were developed to predict the pK, values of
sulfa drugs via heuristic method (HM) and gene expression programming (GEP). The descriptors of 31 sulfa
drugs were calculated by the software CODESSA, which can calculate constitutional, topological, geometrical,
electrostatic, and quantum chemical descriptors. HM was also used for the preselection of 4 appropriate
molecular descriptors. Linear and nonlinear QSPR models were developed based on the HM and GEP
separately and two prediction models lead to a good correlation coefficient (R) of 0.90 and 0.95. The two QSPR
models are useful in predicting pK, during the discovery of new drugs and providing theory information for
studying the new drugs.
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Table 1 The name, experimented and predicted pK, of the

compounds by HM and GEP

Calculated
No. Name ];::1‘2' HM GEP
Pred® Residue® Pred. Residue
1  Sulfinpyrazone 2.80 1.90 0.90 2.80  0.00
2 Sulfamethizole 540 5.66 —0.26 541 -0.01
3 Sulfamethopyrazine 6.10 6.26 —0.16 6.19 -0.09
4 Sulfacetamide 540 631 -091 530  0.10
5  Sulfanilic acid 320 3.01 0.19 334 -0.14
6" Sulfacthidole 540 6.16 -0.76 5.60 -0.20
7" Sulfamethoxazole 560 6.89 -1.29 537 023
8  Sulfametrole 480 591 -1.11 5.13 -0.33
9  Sulfasymazine 550 6.01 -0.51 516  0.34
10  Sulfaguanidine 7.40 6.16 1.24 7.06  0.34
11 Sulfisoxazole 500 577 -0.77 535 -0.35
12" Sulfadoxine 6.10 5.96 0.14 6.47 -0.37
13" Sulfacarbamide 540 6.05 —0.65 502 0.38
14 Sulfamethoxydiazine 7.00 6.18 0.82 7.44 —0.44
15  Sulfadiazine 6.52 5.87 0.65 6.07 045
16  Sulfamoxole 6.80 6.89 —0.09 7.28 -0.48
17  Sulfadimethoxine 6.80 6.50 0.30 630  0.50
18"  Sulfaquinoxaline 5.50 6.57 -1.07 6.02 -0.52
19  Sulfamerazine 7.10 6.43 0.76 6.67 043
20  Dapsone 241 336 -095 3.01 -0.60
21" Sulfachloropyridazine  6.00 6.15 —0.15 6.65 —0.65
22 Sulfamethazine 7.40 7.20 0.20 6.73  0.67
23" Sulfamonomethoxine 6.05 5.56 0.49 537  0.68
24 Sulfapyridine 8.40 6.53 1.87 7.70  0.70
25  Succinylsulfathiazole 4.50 547 -0.97 521 -0.71
26  Sulfasalazine 9.70  9.40 0.30 896 0.74
27  Sulfaphenazole 6.10 6.10 0.00 6.90 -0.80
28" Sulfathiazole 7.10 6.68 0.42 6.07 1.03
29"  Sulfamethoxypyridazine 7.20 8.16 —0.96 8.47 -1.27
30  Sulfameter 6.98 6.34 0.64 836 —1.38
31" Sulfisomidine 7.37 6.21 1.16 9.88 -2.51

The star “*’ is test set. “a” is the predicted pK,. “b” =
Exp — Pred
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Table 2 The all parameters and selection of GEP

Parameter Selection
Division /
Addition +
Multiplication *
Subtraction -
107x Powl0
Cosine Cos
Logistic Log
Chromosomes 100
Genes 9
Head size 8
Gene size 26
Linking function +
Generations without change 200
Number of tries 3
Max. complexity 9
Fitness-function MSE
Mutation rate 0.044
Inversion rate 0.1

IS transposition rate 0.1
RIS transposition rate 0.1
One-point recombination rate 0.3
Two-point recombination rate 0.3
Gene recombination rate 0.1
Gene transposition rate 0.1
Constants per gene 10
Lower bound -10
Upper bound 10
RNC mutation 0.01
Dc mutation 0.044
Dc inversion 0.1
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Table 3 Descriptors, physical-chemical meanings, coefficient,
error and #-test in HM

Physical-chemical

No. Descriptor Coefficient  Error t-Test

meaning
0 Intercept —5.22E+00 3.22E+00 —1.620 8
1 MENA Max e-e repulsion for 1.28E—01 2.54E-02 5.0544
a N atom
2 ARICA  Avg l-electron react 7.82E+02 1.58E+02 4946

index for a C atom
3 GAMMAP (1/6)X Gamma
polarizability (DIP)
Kier&Hall index
(order 3)

1.35E-04 2.68E-05 5.0475

4 KHI —1.04E+00 2.33E-01 —4.4776

Table 4  Crrelation matrix of four descriptors

Descriptor KHI  GAMMAP ARICA MENA
KHI 1.000 0.399 0.294 -0.247
GAMMAP 1.000 0.001 0.029
ARICA 1.000 0.024
MENA 1.000

FH 3K S 2 B el ST P 2 AR A A R
pK,=—5.22+1.28x10 '"MENA+7.28x10°ARICA+
1.35x10 *GAMMAP-1.04KHI
WS R =0.90, R., = 0.66, F =21.08, RMS = 0.75
MR4E: R =0.71, R, = 0.58, F =26.66, RMS = 1.22
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Figure 1 Predicted vs experimental pK, by HM
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Figure 2  Fitting curve of training set by GEP
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Figure 3 Fitting curve of test set by GEP
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dblTemp = cos((d[1] + (d[2]*pow(10,pow(10,d[1])))));
dblTemp += cos(((pow(10,d[0])*d[1])/d[0]));
dblTemp += pow(10,(((d[1] + 2.15)/d[3]) —
cos((2.15/d[3]))));

dblTemp += pow(10,(d[0]*((cos(d[0]) — (d[2] —
d[1])) — (d[2] + d[3]))));

dblTemp += ((apsLogi((d[3] — d[0])) +
cos(d[01))/(4.09*(d[11*d[31)));

dblTemp += apsLogi(cos((d[2]/pow(10,((d[1]/d[3]) +
9.99)));
dblTemp += cos(pow(10,pow(10,d[0])));
dblTemp += cos((d[0]*(((d[2])/d[3]) + 9.67) + 9.99)));
dblTemp += apsLogi(cos((d[2]/pow(10,(d[0] —
d[3D)));
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