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ABSTRACT 

 

DNA methyltransferases catalyses the transfer of methyl group to DNA. However, in the current study, a series of DNA methyltransferase 

inhibitors and new compound with better efficacy were predicted. Hence quantitative structure activity relationship (QSAR) studies were done on 

the series of constrained (L-)-S-adenosyl-L-homocysteine (SAH) analogues acting as DNA methyltransferase inhibitors, and afterwards followed by 

molecular modelling which gives cross-validated result (r 2 cv) of 0.653 carried out by Leave one out (LOO) method, and predicted (r 2 pred.) is 

0.600 with coefficient of correlation of (r) get by the multiple regression analysis is 0.934. Based on the model generated by the quantitative 

structure-activity relationship (QSAR) series of new compounds have been generated. Then these compounds were docked with the protein and 

ADME properties of each of the newly proposed compounds were studied using SwissADME that highlights properties of the compounds, their 

lipophilicity, solubility, drug likeliness, pharmacokinetics, etc. Toxicity prediction of these compounds is also made using PROTOX 2, making 

them suitable leads against DNA methyltransferase.  

 

Keywords: DNA methyltransferase, QSAR, Molecular Docking, ADME, Toxicity. 

 

 

INTRODUCTION 

 

DNA functional unit is the nucleosome, as it stand alone within the nuclear context and determines if gene is expressed or not [1]. Addition of 

Methyl group at fifth position of the cytosine inactivates gene expression [2]. Most important epigenetic factor is DNA methylation which is 

operated by DNA methyltransferase enzymes [3]. Afterward, complexity is added because of the effect of histone deacetylases and acetylases by 

controlling the acetylation at lysine tails [4]. In addition, deacetylases and acetylases are able to attach and modulate DNMTs [5]. When histone 

protein undergo phosphorylation and methylation led to the detection of histone methyltransferases, histone demethylases [6].  

 

Noncoding RNA’s discovers as epigenetic set that are managed by epigenetic machinery and leads to the detection of DNA demethylases [7] the 

TET (ten-eleven translocation) enzymes, is responsible for conversion of 5-methylcytosine to 5-hydroxymethylcytosine which resulted in more 

complexity of cell [8]. DNA methylation inhibitors (DNMTI) were thought to be most responsible cause for cancer development and progression. 

DNA methylation regulates gene expression of higher eukaryotes is a major epigenetic modification. DNMTs works by the formation of additional 

covalent bond of a methyl group from S adenosyl-L-methionine to the 5-position of cytosine, within CpG dinucleotides [9]. 

 

Azacytidine and decitabine are successful epigenetic (figure 1). DNA methyltransferase (DNMT) inhibitors are used as epigenetic modulators, they 

are relatively toxic and have poor chemical stability [10]. Quantitative structure activity relationship (QSAR) models are extensively used in drug 

discovery to check the activity of untested chemicals. . In our current study, QSAR model has been prepared, by implementation of that model we 

are able to design some new molecules of higher activity and safer in terms of toxicity. The ADME parameters for such molecules have also been 

filtered with the help of SwissADME. Also, we checked their hepatotoxicity, carcinogenicity, mutagenicity, cytotoxicity with the help of ProTox-ll. 
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Azacitidine                                                                                 Decitabine 

 
Figure 1: Licensed compounds available in the market. 

 

 

MATERIALS AND METHODS 

 

We have considered a series of twenty-four molecules of Constrained (L-)-S-adenosyl-L-homocysteine (SAH) analogues acting as DNA 

methyltransferase inhibitors [11] which were evaluated for their anticancer activity. Compounds (listed in table 1) of above series are recited with 

their anticancer activity. The most compelling parameters governing the activity of the compounds were found to be harmonic topological index 

proposed by narnumi (hatov), most negative charge on H atom (QHmin), slogP contribution and surface area contributions (slogP) and radial 

distribution function 85/weight by relative vander waal volume (RDF85v). ChemDes, a freely web-based platform (used for calculation of 

molecular descriptors and instantly [12]) is used for calculating all these parameters. Parameters used for equation shows negligible correlation. 

Docking studies were performed on the predicted compounds to examine the interactions between the protein (PDB id 3PTA) [13], and for docking 

studies Molegro Virtual Docker was used and a new series of 10 compounds were designed and ADME/T properties were checked by using 

SwissADME[14] (a web server that gives access to predictive models for calculating  drug-likeness, pharmacokinetics, with in-house methods such 

as the BOILEDEgg, Bioavailability Radar and iLOGP it verifies Lipinski, Ghose, veber, Egan and Muegge rule [15]) and PROTOX-II. Toxicity of 

these compounds were predicted with the help of ProTox-II where mutagenicity, carcinogenicity and many other endpoints like cytotoxicity, 

immunotoxicity and hepatotoxicity were checked [16]. 

 

Table 1: Constrained (L-)-S-adenosyl-L-homocysteine (SAH) analogues. their physiochemical parameters and DNA methyltransferase inhibition 

activity. 

 

Com

p 

R1 HA QH SA4 R85V log(1/IC 50) 

Obsd Calculated Predicted (LOO) 

1 

 

 

2.977 0.03 12.65 6.03 6.09 5.93 5.09 

2 

 

3.006 0.03 12.65 8.77 5.96 6.24 6.53 
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3 

 

2.953 0.03 19.07 5.65 5.10 5.20 5.23 

4b 

 

 

2.814 0.03 12.65 6.73 5.40 5.54 - 

5 

 

2.962 0.03 12.65 7.57 6.30 6.02 5.97 

6b 

 

 

2.661 0.03 12.65 11.28 5.35 5.49 - 

 

 

 

 

Comp R1 HA QH SA4 R85V log(1/IC 50) 

Obsd Calculated Predicted (LOO) 

7 

 

2.813 0.03 12.65 6.09 5.32 5.48 5.51 

8c 

 

2.813 0.03 12.65 6.09 4.36 5.48 - 

9 

 

2.636 0.03 12.65 7.47 5.35 5.11 4.77 

10 

 

2.768 0.03 19.07 6.68 5.09 4.78 4.79 
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11 

 

2.768 0.03 19.07 5.48 4.72 4.68 4.68 

12b 

 

 

2.768 0.03 19.07 5.48 4.51 4.68 - 

13 

 

2.793 0.03 25.49 6.10 4.03 4.16 4.34 

14 

 

2.863 0.04 6.23 4.99 4.35 4.60 4.87 

15 

 

2.777 0.03 12.65 5.48 5.67 5.34 5.30 

16 

 

2.827 0.04 6.23 4.57 4.74 4.47 4.20 

 

 

Comd R1 R2 R3 HA QH SA4 R85V log(1/IC 50) 

Obsd Obsd Obsd 

17  

H 

CO2H H 3.006 0.03 12.65 6.10 5.96 6.02 6.05 

18b   

H 

CO2H Cl 2.749 0.03 12.65 7.40 6.09 5.42 - 

19  

H 

H H 2.813 0.03 12.65 6.16 5.32 5.49 5.52 

20  

H 

H Cl 2.568 0.03 12.65 6.63 4.44 4.85 5.16 

21c 

 

 

CO2H H 3.004 0.03 18.21 11.38 5.43 5.90 - 

22 

 

CO2H Cl 2.828 0.03 18.21 13.75 5.60 5.61 5.64 

23c 

 

 

H H 2.879 0.03 18.21 11.73 4.82 5.59 - 

24 

 

H Cl 2.708 0.03 18.21 13.11 5.32 5.22 5.18 
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QSAR Results 

 

The bifurcation of the table 1 molecules has been done into two groups i.e. training set and test set. And such bifurcation done arbitrarily 

considering that wide variation should be present along with the good span of their biological activity. The molecules having superscript “b” of 

table 1 molecules are considered as test set molecules, while with superscript “c” are not considered for the model generation and considered as 

outliers, because of their aberrant behaviour. Hansch analysis (Multiple regression analysis) of training set, exhibit the following correlation. 

 

log(1/IC50) = 2.764(1.178) Hatov -156.107(57.735) QHmin - 0.099(0.039) slogpvsA4 +0.083(0.061) Rdf85v +3.142(4.204)            (1)    
 

  n = 17   r = 0.934 s = 0.267 F (4,19) = 20.431(4.50) 𝑟2
cv=0.653 𝑟2

pre= 0.600                                                      

 

where ‘n’ signify the number of training set molecules, ‘r’ signify the correlation coefficient, s is the standard deviation, ‘𝑟2
cv’  is the square of the 

cross-validated correlation coefficient which is procure from jackknife procedure LOO (leave one out), ‘F’ signify the Fischer ratio between the 

difference of calculated and observed activities, and the figure within the parentheses with ‘+’/ ‘-’ sign are 95% confidence intervals and the data 

within the parentheses for F is the standard F-value at 99% level. IC50 is the molar concentration of the compound at 50% enzyme inhibition. 

Correlation expressed by (1) is quite significant and most significant parameters are harmonic topological index proposed by narnumi (Hatov), most 

negative charge on H atom (Qhmin), slogP contribution and surface area contributions (slogpA4) and radial distribution function -085/weight by 

relative vander waal volume (RDF85V). These parameter shows negligible correlation that cited in table 2.  

 

Table 2: Correlation between the significant parameters. 

 

 1HA 2QH 3SA4 4R85V 

1HA 1.000 0.057 0.113 0.093 

2QH  1.000 0.592 0.184 

3SA4   1.000 -0.138 

4R85V    1.000 

 

 

Highly significant correlation is expressed by (1), and its validation can be determined by 𝑟2cv and 𝑟2pred. values, which are 0.653 and 0.60, 

respectively. The 𝑟2
cv was calculated by given equation below: 

 

r
2
cv = 1 − [Σi (yi,obsd − yi,pred )

2
 / Σi (yi,obsd – yav,obsd )

2
 ]                             (2)  

 

where, yi,pred and yi,obsd define as predicted(from Leave one out) and observed activity values of compound respectively, and yav,obsd is the average of 

observed activities of compounds that were used the correlation. If r2
cv > 0.60, then correlation is valid. From this perspective, the correlation 

expressed by (1) seems to be legal. However, the model’s predictive proficiency was estimated by predicting the biological activity of the all 

compounds that are used as test set. r2
pred, can be estimated as follows 

 

r
2
pred = 1 − [Σi (yi,obsd − yi,pred )

2
 / Σi(yi,obsd − yav,obsd )

2
 ]                            (3) 

  

where, yi,pred and yi,obsd are predicted(from Leave one out) and observed activity values of compound, respectively and yi,obsd is identical as in (2).  In 

test set compounds, predicted biological activity values from (3) are given in Table 1. A comparative analysis between predicted values and 

observed values displays that the predicted values are in great coincide with the corresponding observed ones. Graphical representation between 

observed and predicted activities provides better analysis for compound as shown in figure 2 of both test set and training set. Some new potential 

compounds were predicted (Table 3) on the basis of (1). These compound have more potency.  For the prediction of new compound the structure of 

predicted compounds were modified and the variables were applied in (1) to calculate their activity. The activity of predicted compound were higher 

than any other compound in present series (Table1).  

 

 

 

(a)                                                            (b) 

Figure 2: A plot between observed and predicted DNA methyltransferase inhibition activities of compounds of Table 1: (a) for training set; (b) for 

test set. 
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Table 3: Some proposed compounds belonging to the series of Table1 and their activities predicted from (1). 

 

Comp Structure HA QH SA4 R85V IC50 

1 

 

2.58 0.02 13.15 7.54 6.47 

2 

 

2.63 0.02 13.15 5.06 6.40 

3 

 

2.64 0.02 13.15 7.31 6.62 

4 

 

2.61 0.02 13.15 8.23 6.61 

5 

 

2.67 0.02 13.15 4.14 6.44 

6 

 

2.96 0.02 13.15 4.98 7.31 
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7 

 

2.6 0.02 13.15 7.47 6.52 

8 

 

2.97 0.02 13.15 6.36 7.45 

9 

 

3.05 0.02 13.15 4.98 7.56 

10 

 

2.07 0.01 13.15 8.06 6.66 

 

 

Docking Results 

 

Computer aided drug discovery become a rapid assessment to perform various function such as lead optimization, identification and virtual 

screening [17] [18] [19].  Molecular docking uses computation method for the prediction of ligand-receptor complex. For docking we used molegro 

virtual docker protein validation was done where protein gets validate by iterated simplex algorithm and mol dock score with RMSD score 0. 

Protein used for docking was taken from Protein Database (having PDB ID 3PTA). Docking results are cited in table 10 along with the comparative 

studies with two marketized drugs namely azacitidine and decitabine. Compound (9) shows the highest hydrogen bonds as shown in figure 3. 

Hydrophobic interaction of compound 9 in shown in figure 4. 

 

 
 

Figure 3: A model showing hydrogen bond interactions of predicted compound 9 (Table 2) with the amino acid residues in enzyme DNA 

methyltransferase. 
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Figure 4: The model showing hydrophobic interactions of predicted compound 9 (Table 2) with the enzyme DNA methyltransferase. The red 

surface shows strong hydrophobic zone and the blue one low hydrophobic zone. 

 

 

ADME Result  

 

Lipophilicity 

 

Lipophilicity can be defined as partition coefficient (log Po/w) between n-octanol and water. SwissADME allows admittance to five predictive 

models; XLOGP3, an knowledge based atomistic method for the prediction of model [20]; WLOGP, is a purely atomistic method it is based on 

fragmental system given by Wildman and Crippen[21]; MLOGP, which gives a relationship with  an archetype of topological method and 13 

molecular descriptors implemented [22] [23]; SILICOS-IT, it relies on 7 topological descriptors and 27 fragments [24]; and last iLOGP, which is a 

physics-based method that will be calculated by Generalized-Born and solvent accessible surface area (GB/SA) model. Results are cited in table 4 

comparable with marketized drug and the predicted compounds shows better lipophilicity. 

 

Table 4: Lipophilicity of the proposed compounds (Table 2) in comparison with the commercial ones. 

 

 

Compound iLOGP XLOGP3 WLOGP MLOGP 

Silicos-IT 

Log P Consensus Log P 

1 
2.21 0.09 -1.13 0.18 -0.18 0.24 

2 
2.3 0.35 -0.64 0.51 0.49 0.60 

3 
2.15 0.81 -0.65 0.1 -0.19 0.44 

4 
2.4 -0.14 -0.64 0.51 0.89 0.60 

5 
2.42 0.36 -0.16 0.83 1.56 1.00 

6 
2.64 -1.22 -1.79 -0.26 0.01 -0.12 

7 
2.27 0.08 -0.97 0.18 0.14 0.34 

8 
2.74 -0.72 -1.68 -0.59 -0.42 -0.13 

9 
2.34 -0.85 -1.42 -0.67 -0.43 -0.21 

10 
2.35 -0.13 -1.43 0.1 -1.26 -0.07 

Azacitidine 
0.37 -2.17 -3.48 -2.98 -2.72 -2.2 

Decitabine 
0.58 -1.89 -2.46 -2.2 -1.84 -1.56 

 

 

Water Solubility 

 

For handling and formulation of drugs it should be a soluble molecule [25]. Moreover, for oral administration, solubility plays a major property in 

absorption rate [26]. For delivering a sufficient quantity of a drug in a small volume, drug should be highly soluble [27]. Two topological methods 

are used for the prediction of Water Solubility the first one is ESOL model [28] and other one is Ali et al. [29] solubility is provided in term of mol/l 

and mg/ml. Results are cited in table 5 compared with marketized drug it shows that compound 9 shows better result. 

 

Table 5: Water solubility of the proposed compounds (Table 2) in comparison with the commercial ones. 

 

S.No. logS 

(ESOL) 

Solubil-

ity 

Class logS 

(Ali) 

Solubility Class logS 

(SILICOS-

IT) 

Solubility Class 

 

1 
 

-2.25 

2.27E+00

mg/ml; 

5.59E-03 

mol/l 

Soluble  

-2.22 

2.45E+00 

mg/ml; 

6.04E-03 

mol/l 

Soluble  

  -3.84 

5.90E-

02mg/ml; 

1.46E-04 

mol/l 

Soluble 

 

2 
 

-2.4 

1.59E+00

mg/ml; 

Soluble  

-2.5 

1.29E+00 

mg/ml; 

Soluble  

  -3.6 

1.01E-01 

mg/ml; 

Soluble 
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3.94E-03 

mol/l 

3.19E-03 

mol/l 

2.50E-04  

Mol/l 

 

3 
 

-2.69 

8.17E-01 

mg/ml; 

2.02E-03 

mol/l 

Soluble  

-2.97 

4.36E-01 

mg/ml; 

1.08E-03 

mol/l 

Soluble  

  -3.82 

6.09E-02 

mg/ml; 

1.51E-04 

mol/l 

Soluble 

 

4 
 

-2.16 

2.78E+00 

mg/ml; 

6.90E-03 

mol/l 

Soluble  

-1.99 

4.16E+00 

mg/ml; 

1.03-02 

mol/l 

Very 

Soluble 

 

 

  -4.05 

3.59E-02 

mg/ml; 

8.89E-05 

mol/l 

Moderately 

Soluble 

 

5 
 

-2.46 

1.38E+00 

mg/ml; 

3.44E-03 

mol/l 

Soluble  

-2.51 

1.23E+00 

mg/ml; 

3.07E-

03mol/l 

Soluble  

    

  -3.82 

6.13E-02 

mg/ml; 

1.53E-04 

mol/l 

Soluble 

 

6 

 

-1.38 

1.63E+01 

mg/ml; 

4.21E-02 

mol/l 

Very 

Soluble 
 

-0.59 

9.98E+01 

mg/ml; 

2.58E-01 

mol/l 

Very 

Soluble 
 

 

  -4.01 

3.80E-02 

mg/ml; 

9.84E-05 

mol/l 

Moderately 

Soluble 

 

7 
 

-2.25 

2.27E+00 

mg/ml; 

5.59E-03 

mol/l 

Soluble  

-2.15 

2.88E+00 

mg/ml; 

7.08E-03 

mol/l 

Soluble  

  -3.52 

 

1.21E-01 

mg/ml; 

2.99E-04 

mol/l 

Soluble 

 

8 

 

-1.65 

8.76E+00

mg/ml; 

2.24E-02 

mol/l 

Very 

Soluble 
 

-0.98 

4.07E+01 

mg/ml; 

1.04E-01 

mol/l 

Very 

Soluble 

 

   -3.17 

2.65E-01 

mg/ml; 

6.78E-04 

mol/l 

Soluble 

 

9 
 

-1.55 

1.08E+01 

mg/ml; 

2.79E-02 

mol/l 

Very 

Soluble 

 

-0.85 

5.52E+01 

mg/ml; 

1.42E-01 

mol/l 

very 

Soluble 

 

   -3.15 

2.74E-01 

mg/ml; 

7.05E-04 

mol/l 

Soluble 

 

10 
 

-2.1 

3.23E+00 

mg/ml; 

8.02E-03 

mol/l 

Soluble  

-1.4 

1.60E+01 

mg/ml; 

3.98E-02 

mol/l 

Very 

Soluble 

 

   -3.5 

1.26E-01 

mg/ml; 

3.13E-04 

mol/l 

Soluble 

 

Azaciti

dine 

 

0.03 

2.62E+02 

mg/ml; 

1.08E+00 

mol/l 

Highly 

Soluble 

 

0.10 

3.08E+02 

mg/ml; 

1.27E+00 

mol/l 

Highly 

Soluble 

 

  0.84 

1.69E+03 

mg/ml; 

6.98E+00 

mol/l 

Soluble 

 

Decitab

ine 

 

-0.21 

1.41E+02 

mg/ml; 

6.17E-01 

mol/l 

Very 

Soluble 

 

-0.18 

1.50E+02 

mg/ml; 

6.56E-01 

mol/l 

Very 

Soluble 

 

  0.58 

8.60E 

+02 mg/ml; 

3.77E+00 

mol/l 

Soluble 

 

 

Pharmacokinetics  

 

Pharmacokinetics, evaluate ADME behaviours of the compound on the basis of model. Multiple linear regression, aims in the prediction of skin 

permeability coefficient (Kp) which is adapted from the Potts and Guy [30], they also found Kp in linear correlation with lipophilicity and 

molecular size. Passive human gastrointestinal absorption and blood-brain barrier permeation were predicted with the help of BOILED-Egg model 

[31].  P450 (CYP) isoenzymes play a key role in drug elimination through metabolic biotransformation [32]. About 50% to 90% of the therapeutic 

molecules are substrate of five major isoforms (CYP1A2, CYP2C19, CYP2C9, CYP2D6, CYP3A4) [33] [34]. One of the major cause of 

pharmacokinetics-related drug-drug interactions is isoenzymes inhibition [35] [36]. All the predicted compounds show high GI absorption along 

with presence of Pgp substrate in comparison with the market drugs that have low absorption rate with absence of Pgp substrate as cited in table 6. 

 

Table 6: Pharmacokinetics of the proposed compounds (Table 2) in comparison with the commercial ones 

 

 

S.no 

GI 

absorptio

n 

BBB 

permeant 

Pgp 

substrate 

CYP1A2 

inhibitor 

CYP2C19 

inhibitor 

CYP2C9 

inhibitor 

CYP2D6 

inhibitor 

CYP3A4 

inhibitor 

log Kp 

(cm/s) 

1 
High No Yes No No No No No -8.71 

2 
High No Yes No No No No No -8.51 

3 
High No Yes No No No No No -8.19 

4 
High No Yes No No No No No -8.86 

5 
High No Yes No No No No No -8.49 

6 
High No Yes No No No No No -9.52 

7 
High No Yes No No No No No -8.72 
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8 
High No Yes No No No No No -9.19 

9 
High No Yes No No No No No -9.27 

10 
High No Yes No No No No No -8.85 

Azacitid

ine Low No No No No No No No -9.33 

Decitabi

ne Low No No No No No No No -9.03 

 

 

Drug-likeness 

 

Drug likeness refers to orally active compounds. SwissADME provides five different rule-based filters, first one is Lipinski filter [37], second one is 

the Ghose, third one is Veber, fourth one is Egan and last rule is Muegge [38–41]. All the compounds obey Lipinski rules with 0 violations whereas 

compound 5 obey Ghose , all the compounds obey Veber, Egan, Muegge with 0 violation whereas azacitidine violates rule with one violation cited 

in table 7. 

 

Table 7: Drug likeness of the proposed compounds (Table 2) in comparison with the commercial ones. 

 

 

S.no 

Lipinski 

#violations 

Ghose 

#violations 

Veber 

#violations 

Egan 

#violations 

Muegge 

#violations 

Bioavailability 

Score 

1 
0 1 0 0 0 0.55 

2 
0 1 0 0 0 0.55 

3 
0 1 0 0 0 0.55 

4 
0 1 0 0 0 0.55 

5 
0 0 0 0 0 0.55 

6 
0 1 0 0 0 0.55 

7 
0 1 0 0 0 0.55 

8 
0 1 0 0 0 0.55 

9 
0 1 0 0 0 0.55 

10 
0 1 0 0 0 0.55 

Azacitidine 
0 1 1 1 1 0.55 

Decitabine 
0 1 0 0 0 0.55 

 

 

Medicinal Chemistry 

 

In medicinal chemistry potentially problematic fragments were identified, Two complementary pattern recognition methods has been used. PAINS 

are those molecules that contains substructures display potent response in assays irrespective of the protein target [42] in six orthogonal assays 

analysis. Synthetic accessibility (SA) is an important factor that is consider in this selection process. Synthetic accessibility score ranges from 1- 10 

that is from very easy to very difficult. Results are cited in table 8. 

 

Table 8: Medicinal Chemistry of the proposed compounds (Table 2) in comparison with the commercial ones. 

 

 

Compound 

PAINS 

#alerts 

Brenk 

#alerts 

Leadlikeness 

#violations Synthetic Accessibility 

1 
0 0 1 5.08 

2 
0 0 1 5.19 

3 
0 0 1 5.03 

4 
0 1 1 5.13 

5 
0 1 1 5.13 

6 
0 1 1 5.07 

7 
0 0 1 5.09 

8 
0 0 1 4.95 

9 
0 0 1 4.93 

10 
0 1 1 5.24 

Azacitidine 
0 0 1 3.77 

Decitabine 
0 0 1 3.46 
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Toxicity 

 

ProTox webserver is used for the prediction of toxicity. Toxicity of predicted compounds along with drug are cited in table 9. Endpoints toxicity is 

calculated which include hepatotoxicity, cytotoxicity, carcinogenicity, mutagenicity, immunotoxicity. Hepatotoxicity is a main cause for pull out of 

drug as it cause liver failure [43]. Prediction data of DILI extracted from DILIrank [44] and NIH LiverTox database [45]. Carcinogenicity refers as 

induced tumor due to chemicals in cell [46]. Carcinogenic Potency Database (CPDB) [47] and CEBS database [48] are used for prediction of data. 

Mutagenicity is changes in DNA of cell due to chemicals and responsible for abnormal genetic mutations [49] Ames test [50] and CEBS database 

[48] are used for prediction. Cytotoxicity can cause undesired cell damage and desired damage, which results in tumour cells [51]. Chemical 

European Biology Laboratory database is used for prediction [52]. Immunotoxicity may have adverse effect on the immune system due to 

xenobiotics [53]. Hepatotoxicity, cytotoxicity, carcinogenicity, mutagenicity, immunotoxicity of predicted compound are cited in table 10 with 

reference with commercial drug. Azacytidine and decitabine shows hepatotoxicity and carcinogenicity as shown in table 9. 

 

Table 9: Toxicity of the predicted compounds in comparison with the commercial ones. 

 

 

Compound Hepatotoxicity Carcinogenicity Immunotoxicity Mutagenicity Cytotoxicity 

1 Inactive Inactive  Inactive  Inactive  Inactive  

2 Inactive  Inactive Active  Inactive Inactive  

3 Inactive  Inactive  Inactive Inactive  Inactive  

4 Inactive  Inactive  Inactive  Inactive  Inactive  

5 Inactive  Inactive  Inactive  Inactive Inactive  

6 Inactive  Inactive  Inactive  Inactive  Inactive  

7 Inactive  Inactive Inactive Inactive  Inactive  

8 Inactive  Inactive  Inactive  Inactive  Inactive  

9 Inactive  Inactive  Inactive Inactive  Inactive  

10 Inactive  Inactive  Inactive Inactive  Inactive 

Azacitidine Active Active Inactive  Active  Inactive  

Decitabine Active Active Inactive  Inactive  Inactive  

 

Table 10: Docking results of predicted compounds (Table 2) with reference to the active drugs available in the market. Energy values are in 

kCal/mol. 

 

Compound Total 

Interaction 

energy 

H- 

bond 

energy 

No. of 

H- 

bonds 

H- bonds H- bond 

length(

Å) 

Mole dock 

score 

Internal 

energy of 

pose 

1 -147.975 -9.64 6 N(19) - Thr(828) 

O(22) - Arg(619) 

N(26) - Arg(619) 

N(15) - Asn(577) 

N(15) - Asn(577)  

N(15) - Arg(576) 

2.58         

2.86    

2.60         

3.16   

3.29         

2.95 

-170.83 -22.858 

2 -151.534 -6.83 4 N(19) - Asp(60) 

N(19) - Gln(647) 

O(12) - Arg(618) 

N(26) - Asn(61) 

2.58         

2.86    

3.25         

3.04 

-167.31 -15.776 

3 -153.758 -12.21 8 N(3) - Arg(644) 

N(13) - Arg(618) 

O(12) - Thr(828) 

N(13) - Thr(828) 

N(15) - Arg(619) 

N(26) - Asn(577)  

N(26) - Asn(577) 

N(26) - Arg(576) 

2.79                

3.57    

2.54   

3.14    

3.38         

3.33   

2.94         

3.35 

-169.42 -15.661 

4 -149.883 -5.08 3 N(27) - Glu(57) N(3) 

- Arg(618) N(15) - 

Arg(644) 

2.76           

2.79   

3.14      

-165.89 -16.011 

5 -151.555 -13.58 6 O(25) - Arg(618) 

N(22) - Thr(828) 

N(20) - Arg(619) 

N(15) - Asn(577)  

N(15) - Asn(577) 

N(15) - Arg(576) 

2.92    

2.60      

2.60    

3.35    

3.16   

3.00 

-169.09 -17.531 

6 -140.6 -15.68 9 O(12) - Arg(618) 3.00           -159.16 -18.557 
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O(12) - Arg(618) 

N(3) - Arg(644) 

N(27) - Asp(60) 

N(22) - Arg(618) 

N(20) - Arg(576) 

N(20) - Asn(577)  

N(20) - Asn(577) 

N(15) - Arg(619) 

3.50   

2.86    

3.10    

3.07    

2.84   

3.13    

3.10    

3.55 

7 -150.499 -12.86 8 O(19) - Arg(618) 

N(13) - Thr(828) 

N(13) - Arg(618) 

O(12) - Thr(828) 

N(15) - Arg(619) 

O(19) - Arg(618)  

O(22) - Glu(57) 

N(26) - Arg(576) 

3.10   

3.10     

3.23    

2.53    

3.20     

3.44     

3.59    

2.96 

-168.10 -17.601 

8 -150.995 -4.82 4 N(15) - Arg(644) 

O(6) - Arg(618)  O(6) 

- Arg(618)  N(3) - 

Arg(618) 

3.40   

3.36     

3.50   

2.80 

-164.62 -13.622 

9 -151.603 -19.29 10 O(22) - Arg(618) 

O(22) - Arg(618) 

N(3) - Arg(644) 

O(12) - Arg(618) 

O(19) - Thr(828) 

N(26) - Arg(619) 

N(13) - Asn(577)  

N(15) - Asn(577) 

N(15) - Arg(576) 

N(15) - Asn(577) 

3.24     

3.24   

3.08   

2.89     

2.95   

2.98   

3.40   

3.10     

2.78   

3.05 

-162.87 -11.265 

10 -151.540 -15.79 9 O(12) - Arg(618) 

N(3) - Thr(828)  

O(19) - Thr(828) 

N(24) - Asp(54) 

N(26) - Arg(619) 

N(13) - Asn(577)  

N(15) - Asn(577) 

N(15) - Arg(576) 

N(15) - Asn(577) 

3.04           

3.34   

3.10     

2.81    

3.09    

3.22      

3.39   

2.60      

3.11 

-165.73 -14.192 

AZACITIDIN

E 

-107.256 -16.891 9 N(14) - Asp(60) 

N(14) - Glu(57)  

N(12) - Arg(618) 

O(13) - Arg(618) 

O(15) - Arg(618) 

O(15) - Arg(618)  

O(7) - Arg(618) O(7) 

- Arg(619) O(16) - 

Asp(54) 

2.99           

3.10   

2.53     

3.39    

3.14    

3.45      

2.60   

2.60      

2.60 

-94.569 12.6877 

DECITABIN

E 

-108.152 -20.953 10 O(14) - Arg(619) 

O(14) - Arg(618)  

O(15) - Arg(618) 

O(15) - Arg(576) 

O(0) - Thr(828) N(7) 

- Glu(57)  N(12) - 

Glu(57) N(12) - 

Asp(60) N(10) - 

Arg(618) O(11) - 

Arg(618) 

2.60           

2.71   

2.83     

2.67    

3.30    

3.42      

3.10   

2.68      

2.60 

2.16 

-96.455 11.6974 

 

CONCLUSION 

 

Some new molecules of DNA methyltransferase inhibitors have been proposed in table 2 having higher potency. Docking results of predicted 

compounds are comparable with commercial drugs as there is similarity in the binding patterns of the commercial drugs and proposed compounds, 

which shows the structural based similarity between them. ADME properties of the molecules was done by ProTox method. It is comparatively 

better than commercially available software like BioVia [54]. ADMET properties of predicted compounds are better in compression to the 

commercial drug as well as toxicity of predicted compounds are least or non-toxic as compared to licensed drugs. Synthetic accessibility of 

compounds is moderate, so they can be synthesized and tested in wetlab. 
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