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Abstract

Introduction: The DHFR inhibitors perform a significant role in thymidine synthesis by blocking the DHFR 
and interference with this pathway inhibits bacterial DNA synthesis. In this article, a molecular docking study 
followed by in silico pharmacokinetic parameters could be studied as an effective approach to detect newer 
DHFR inhibitors. Methods: Novel Thiazolidin-4-one derivatives were designed to perform molecular docking 
studies using Autodock-1.5.6 and identified the hit molecules. The hits were further evaluated for their drug 
likeliness using the Swiss ADME web server. Results: The binding affinity of the designed ligands towards 
DHFR was selected based on binding affinities and interaction patterns. Almost all the compounds have good 
binding affinities in the range of -10.4 to -5.6 and  -11.0 to -8.0 compared with that of cognate ligand -7.6 and 
–7.9 for wild and mutant DHFR, respectively. Conclusion: The results reveal that Thiazolidin-4-ones as DHFR 
inhibitors and among 56 compounds, except 5 compounds all compounds showing good binding affinities may 
produce significant anti-staphylococcal activity for further enhancement.
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INTRODUCTION

Infectious diseases are a significant threat 
worldwide as new microorganism resistance 
to antibiotics inflates issues concerning the 

continual utilization of medicament agents in 
clinical observation. Thus, there is a requirement 
to develop new medication for the effective 
treatment of microorganism infections is a major 
priority. One of the ways enforced to inhibit 
bacterial pathogens is to target the synthesis 
pathway of nucleic acids, wherever the DHFR 
plays a significant role. The aptness of targeting 
DHFR for combating Staphylococcus aureus 
has been valid by the drug Trimethoprim, a very 
powerful anti-staphylococcal agent.[1-3] Supported 
many ligand- or structure-based approaches, 
varied categories of inhibitors are investigated, 
as alkali analogs.[4-6] However, only a few of 
them inhibit in vitro growth of microorganisms.

There is a requirement to develop new chemical 
entities to inhibit the DHFR catalyst. Thiazolidin-
4-one is taken into account as a biologically 
active scaffold that possesses the majority sorts 
of biological activities. Thiazolidin-4-ones are 
with success introduced in numerous classes 

and evidenced as potential moieties, like thiazolidomycin 
activity against Streptomyces species, Ralitoline as a potent 
antiepileptic, Pioglitazone as a hypoglycemic agent, Etozolin as 
an antihypertensive agent. This variation within the biological 
response profile has engrossed the eye of many researchers 
to find this skeleton to its various potentials against many 
activities.[7] Kerru et al., Patel et al., Mandal et al., Saini et al., 
Ghoneim and Zordok, and several other additional researchers 
have connected Thiazolidin-4-ones as antimicrobial agents.[8-12] 
With sure variations, these compounds may generate potent 
chemical entities against Staphylococci species.

In this regard, within the current study, we tend to have 
designed various sets of novel thiazolidin-4-ones bearing aryl 
and diaryl substitutions at C2 and N3 positions, unsubstituted 
and alkyl radical substitution at the C5 position and performed 
in silico analysis of the designed moieties.[13]
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Figure 1: General structure of thiazolidin-4-one
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MATERIALS AND METHODS

Molecular docking

Chemical structures of unique thiazolidin-4-one derivatives 
were proposed using literature. Flexible-ligand docking 
simulations were executed with AutoDock version 1.5.6. 
X-ray crystallographic structure of DHFR enzyme was taken 
from the protein data bank (2W9H and 5ISQ;[14,15] http://
www.rcsb.org/) with resolution 1.48 Å and 1.90 Å.

For the preparation of a target protein, crystallographic ligand 
(Trimethoprim and 3’-(3-(2,4-diamino-6-ethylpyrimidin-
5-yl)pro2-yn-1-yl)-4’-methoxy-[1,1’-biphenyl]-4-
carboxylic acid (UCP1106)), NAP, EDO, and water 
molecules were all removed from the original structure. All 
the pre-processing steps for DHFR protein were executed 
through AutoDock Tools 1.5.6 program (ADT).[16] ADT 
program was operated to fuse the non-polar hydrogens into 
the associated carbon atoms of the receptor and Kollman 
charges were allocated.

Ligands were designed using ChemSketch (www.acdlabs.
com) [Figure 1 and Table 1], and the file formats are 
converted from .mol to .pdb format using Open Babel.[17] Then 

Table 1: (Continued)
Code R R’ R’’
45 5M4MBP 2-chloropyrimidin-5-yl CH3

46 5M4MBP 4-hydroxy-5-methylpyrimidin-2-yl H

47 5M4MBP 4-chloropyrimidin-2-yl H

48 5M4MBP 4-chloropyrimidin-2-yl CH3

49 5M4MBP 2-chloropyrimidin-4-yl H

50 5M4MBP pyrimidin-5-yl H

51 5M4MBP pyrimidin-5-yl CH3

52 5M4MBP 4-hydroxy-5-methylpyrimidin-2-yl CH3

53 5M4MBP 4,5,6-trimethylpyrimidin-2-yl H

54 5M4MBP 2-chloropyrimidin-4-yl CH3

55 5M4MBP pyrimidin-2-yl CH3

56 5M4MBP 4,5,6-trimethylpyrimidin-2-yl CH3

2M2MBP - 2-methoxy-2’-methyl-[1,1’-biphenyl]-4-yl; 
5M2MBP - 5-methoxy-2’-methyl-[1,1’-biphenyl]-3-yl; 
5M3MBP - 5-methoxy-3’-methyl-[1,1’-biphenyl]-3-yl; 
5M4MBP - 5-methoxy-4’-methyl-[1,1’-biphenyl]-3-yl

Table 1: Structures of designed compounds (1-56)
Code R R’ R’’
01 2M2MBP 4,5,6-trimethylpyrimidin-2-yl H

02 2M2MBP 4,5,6-trimethylpyrimidin-2-yl CH3

03 2M2MBP 4-hydroxy-5-methylpyrimidin-2-yl H

04 2M2MBP 4-hydroxy-5-methylpyrimidin-2-yl CH3

05 2M2MBP pyrimidin-2-yl H

06 2M2MBP pyrimidin-2-yl CH3

07 2M2MBP 4-chloropyrimidin-2-yl H

08 2M2MBP 4-chloropyrimidin-2-yl CH3

09 2M2MBP 2-chloropyrimidin-4-yl H

10 2M2MBP 2-chloropyrimidin-4-yl CH3

11 2M2MBP pyrimidin-5-yl H

12 2M2MBP pyrimidin-5-yl CH3

13 2M2MBP 2-chloropyrimidin-5-yl H

14 2M2MBP 2-chloropyrimidin-5-yl CH3

15 5M2MBP 4-chloropyrimidin-2-yl CH3

16 5M2MBP 2-chloropyrimidin-5-yl CH3

17 5M2MBP 4-hydroxy-5-methylpyrimidin-2-yl H

18 5M2MBP 4-chloropyrimidin-2-yl H

19 5M2MBP 2-chloropyrimidin-5-yl H

20 5M2MBP 2-chloropyrimidin-4-yl CH3

21 5M2MBP pyrimidin-2-yl CH3

22 5M2MBP pyrimidin-5-yl CH3

23 5M2MBP 2-chloropyrimidin-4-yl H

24 5M2MBP pyrimidin-5-yl H

25 5M2MBP 4,5,6-trimethylpyrimidin-2-yl H

26 5M2MBP pyrimidin-2-yl H

27 5M2MBP 4-hydroxy-5-methylpyrimidin-2-yl CH3

28 5M2MBP 4,5,6-trimethylpyrimidin-2-yl CH3

29 5M3MBP 4-chloropyrimidin-2-yl CH3

30 5M3MBP pyrimidin-2-yl H

31 5M3MBP 2-chloropyrimidin-5-yl H

32 5M3MBP 4-hydroxy-5-methylpyrimidin-2-yl H

33 5M3MBP 4,5,6-trimethylpyrimidin-2-yl H

34 5M3MBP 4-chloropyrimidin-2-yl H

35 5M3MBP pyrimidin-5-yl H

36 5M3MBP 2-chloropyrimidin-5-yl CH3

37 5M3MBP pyrimidin-2-yl CH3

38 5M3MBP 2-chloropyrimidin-4-yl H

39 5M3MBP pyrimidin-5-yl CH3

40 5M3MBP 2-chloropyrimidin-4-yl CH3

41 5M3MBP 4-hydroxy-5-methylpyrimidin-2-yl CH3

42 5M3MBP 4,5,6-trimethylpyrimidin-2-yl CH3

43 5M4MBP 2-chloropyrimidin-5-yl H

44 5M4MBP pyrimidin-2-yl H

(Contd...)
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non-polar hydrogens, Gasteiger charges, and torsion degrees 
of freedom were assigned by the ADT program. Lamarckian 
genetic algorithm (LGA) employed to model the interactions 
between thiazolidin-4-ones and DHFR active site using 100 
GA runs; 27000 maximum generations; a gene mutation 
rate of 0.02; and a crossover rate of 0.8 were operated for 
LGA method. Based on the validation study, the cognate 
(co-crystallographic) ligand was extracted and re-docked 
into its receptor (self-docking). Validation is performed by 
comparing the root mean square deviation of the Cartesian 
coordinates of the atoms of the ligand in the docked pose and 
crystallographic conformations.

DHFR was characterized by grid maps in the actual docking 
procedure. The grids were calculated using the AutoGrid 
module. The grid included a map for every atom type within 
the ligand and also a map for electrostatic interactions. 
The size of the grid was 50 × 50 × 50 Å (distributed in the 
x, y, and z directions) and it was centered on the center 
of mass of the catalytic site of DHFR with a spacing of 
0.375 Å. Cluster analysis was performed on the docked 
results concerning RMS tolerance of 2 Å. 2D and 3D 
interactions of the docked ligands were analyzed using 
Discovery Studio Visualizer-20.1 (https://discover.3ds.com/
discovery-studio-visualizer-download).

In silico pharmacokinetic parameters

The in silico drug likeliness and ADME properties of 
the proposed molecules were determined by using the 
SwissADME webserver.[18-20] In this server, the structure was 
drawn or the SMILES format of the ligands was incorporated 
and executed the program to attain the desired results.

Table 2: (Continued)
Code Wild DHFR

Binding affinity
Mutant DHFR

Binding affinity
42 –7.3 –9.4

43 –9.9 –10.8

44 –10.2 –10.1

45 –9.4 –10.6

46 –9.7 –10.2

47 –9.7 –10.1

48 –10.2 –9.5

49 –8.7 –10.7

50 –8.4 –11

51 –8.8 –10.4

52 –9.2 –10

53 –8.8 –10

54 –8.9 –9.8

55 –9.5 –9.2

56 –8 –8.9

Table 2: Binding energies and interacted amino acids 
for compounds 1-56 with DHFR (2W9H and 5ISQ)

Code Wild DHFR
Binding affinity

Mutant DHFR
Binding affinity

Reference −7.6 –7.9

1 –6.5 –8

2 –5.6 –8.4

3 –9.2 –8.3

4 –8.6 –8.5

5 –8.2 –8.4

6 –8.4 –8.7

7 –8.4 –9

8 –8.6 –9.3

9 –8.1 –9.9

10 –8.6 –8.5

11 –7.9 –9.4

12 –8 –9.4

13 –8.1 –9.2

14 –7.5 –9.4

15 –9.5 –10.6

16 –9.3 –10.5

17 –9.5 –9.9

18 –9.2 –10.2

19 –9 –10.3

20 –9.4 –9.8

21 –9.1 –10.1

22 –8.8 –10.2

23 –8.7 –10.2

24 –8.3 –10.6

25 –9.1 –9.5

26 –8.8 –9.8

27 –8.5 –9.1

28 –7.4 –8.5

29 –10.4 –10.9

30 –10.3 –10.2

31 –10 –10.3

32 –9.9 –10.2

33 –9.6 –10.3

34 –9.5 –10.1

35 –9.3 –10.3

36 –9.3 –10.3

37 –8.6 –10.6

38 –8.5 –10.4

39 –8.7 –10.1

40 –8.9 –9.6

41 –8.6 –9.6

(Contd...)
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Figure 2: 2D interactions of Cognate ligand with active site of DHFR (a) 2W9H and (b) 5ISQ. Green – H-bond interaction, Rose 
– Alkyl/Pi-Alkyl interactions, Violet – Pi-Sigma interactions

ba

Figure 3: 2D interactions of docked compound 29 with DHFR (a) 2W9H and (b) 5ISQ

ba

Figure 4: 3D structures of best affinity mode of docked compounds (a) Reference with Wild DHFR (b) 29 with Wild DHFR 
(c) Reference with Mutant DHFR (d) 29 with Mutant DHFR

dc

ba
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Table 3: Molecular properties for designed compounds 1-56
Code MW H-bond donors H-bond acceptors Log P Rotatable bonds MR TPSA
Ref 290.32 2 5 2.21 5 79.77 105.51

1 419.54 0 4 3.86 4 125.94 80.62

2 433.57 0 4 4.15 4 130.74 80.62

3 407.49 1 5 3.32 4 118.03 100.85

4 421.51 1 5 3.56 4 122.84 100.85

5 377.46 0 4 3.09 4 111.04 80.62

6 391.49 0 4 3.34 4 115.85 80.62

7 411.9 0 4 3.36 4 116.05 80.62

8 425.93 0 4 3.66 4 120.86 80.62

9 411.9 0 4 3.17 4 116.05 80.62

10 425.93 0 4 3.4 4 120.86 80.62

11 377.46 0 4 3.12 4 111.04 80.62

12 391.49 0 4 3.3 4 115.85 80.62

13 411.9 0 4 3.45 4 116.05 80.62

14 425.93 0 4 3.74 4 120.86 80.62

15 425.93 0 4 3.63 4 120.86 80.62

16 425.93 0 4 3.77 4 120.86 80.62

17 407.49 1 5 3.37 4 118.03 100.85

18 411.9 0 4 3.42 4 116.05 80.62

19 411.9 0 4 3.51 4 116.05 80.62

20 425.93 0 4 3.5 4 120.86 80.62

21 391.49 0 4 3.38 4 115.85 80.62

22 391.49 0 4 3.43 4 115.85 80.62

23 411.9 0 4 3.25 4 116.05 80.62

24 377.46 0 4 3.16 4 111.04 80.62

25 419.54 0 4 3.7 4 125.94 80.62

26 377.46 0 4 3.09 4 111.04 80.62

27 421.51 1 5 3.73 4 122.84 100.85

28 433.57 0 4 4.04 4 130.74 80.62

29 425.93 0 4 3.75 4 120.86 80.62

30 377.46 0 4 3.23 4 111.04 80.62

31 411.9 0 4 3.66 4 116.05 80.62

32 407.49 1 5 3.41 4 118.03 100.85

33 419.54 0 4 3.83 4 125.94 80.62

34 411.9 0 4 3.48 4 116.05 80.62

35 377.46 0 4 3.28 4 111.04 80.62

36 425.93 0 4 3.89 4 120.86 80.62

37 391.49 0 4 3.53 4 115.85 80.62

38 411.9 0 4 3.38 4 116.05 80.62

39 391.49 0 4 3.59 4 115.85 80.62

40 425.93 0 4 3.65 4 120.86 80.62

41 421.51 1 5 3.72 4 122.83 100.85

42 433.57 0 4 4.12 4 130.74 80.62

43 411.9 0 4 3.64 4 116.05 80.62

(Contd...)
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Table 3: (Continued)
Code MW H-bond donors H-bond acceptors Log P Rotatable bonds MR TPSA
44 377.46 0 4 3.23 4 111.04 80.62

45 425.93 0 4 3.87 4 120.86 80.62

46 407.49 1 5 3.38 4 118.03 100.85

47 411.9 0 4 3.53 4 116.05 80.62

48 425.93 0 4 3.82 4 120.86 80.62

49 411.9 0 4 3.34 4 116.05 80.62

50 377.46 0 4 3.25 4 111.04 80.62

51 391.49 0 4 3.53 4 115.85 80.62

52 421.51 1 5 3.8 4 122.83 100.85

53 419.54 0 4 3.79 4 125.94 80.62

54 425.93 0 4 3.66 4 120.86 80.62

55 391.49 0 4 3.53 4 115.85 80.62

56 433.57 0 4 4.11 4 130.74 80.62

Recommended 
values

<500 
Daltons

≤5 ≤10 ≤5 ≤10 40 to 130 ≤140 Å2

MW: Molecular weight, MR: Molar refractivity, TPSA: Total polar surface area

Table 4: ADME and synthetic accessibility for designed compounds 1-56
Code Aqueous solubility P-gp substrate log Kp (cm/s) Synthetic accessibility
Reference Soluble Yes –7.42 2.58

1 Moderately soluble Yes –5.24 3.98

2 Poorly soluble Yes –5.04 4.35

3 Moderately soluble No –5.75 3.89

4 Moderately soluble No –5.55 4.26

5 Moderately soluble No –5.81 3.57

6 Moderately soluble No –5.61 3.94

7 Moderately soluble No –5.33 3.63

8 Poorly soluble No –5.14 4

9 Moderately soluble No –5.33 3.64

10 Poorly soluble No –5.14 4.03

11 Moderately soluble Yes –6.05 3.61

12 Moderately soluble No –5.84 3.97

13 Moderately soluble No –5.57 3.68

14 Moderately soluble No –5.37 4.04

15 Poorly soluble No –5.14 4.04

16 Moderately soluble No –5.37 4.09

17 Moderately soluble No –5.75 3.93

18 Moderately soluble No –5.33 3.67

19 Moderately soluble No –5.57 3.73

20 Poorly soluble No –5.14 4.06

21 Moderately soluble No –5.61 3.98

22 Moderately soluble No –5.84 4.01

23 Moderately soluble No –5.33 3.67

24 Moderately soluble No –6.05 3.66

(Contd...)
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Table 4: (Continued)
Code Aqueous solubility P-gp substrate log Kp (cm/s) Synthetic accessibility
25 Moderately soluble Yes –5.24 4.02

26 Moderately soluble No –5.81 3.62

27 Moderately soluble No –5.55 4.29

28 Poorly soluble Yes –5.04 4.39

29 Poorly soluble No –5.14 4.01

30 Moderately soluble No –5.81 3.58

31 Moderately soluble No –5.57 3.69

32 Moderately soluble No –5.75 3.9

33 Moderately soluble Yes –5.24 3.98

34 Moderately soluble No –5.33 3.63

35 Moderately soluble No –6.05 3.62

36 Moderately soluble No –5.37 4.05

37 Moderately soluble No –5.61 3.95

38 Moderately soluble No –5.33 3.65

39 Moderately soluble No –5.84 3.97

40 Poorly soluble No –5.14 4.03

41 Moderately soluble No –5.55 4.26

42 Poorly soluble Yes –5.04 4.35

43 Moderately soluble No –5.57 3.7

44 Moderately soluble No –5.81 3.6

45 Moderately soluble No –5.37 4.06

46 Moderately soluble No –5.75 3.91

47 Moderately soluble No –5.33 3.65

48 Poorly soluble No –5.14 4.02

49 Moderately soluble No –5.33 3.66

50 Moderately soluble No –6.05 3.63

51 Moderately soluble No –5.84 3.99

52 Moderately soluble No –5.55 4.28

53 Moderately soluble Yes –5.24 3.99

54 Poorly soluble No –5.14 4.05

55 Moderately soluble No –5.61 3.96

56 Poorly soluble Yes –5.04 4.36
log Kp: Skin permeation

RESULTS AND DISCUSSION

The docking study of designed thiazolidin-4-ones to the active 
site of protein was performed by Autodock for calculating the 
binding affinities of the designed ligands with the protein. 
The designed molecules were docked into the DHFR (2W9H 
and 5ISQ), to determine their DHFR inhibitory activity. All 
compounds except 1, 2, 14, 28, and 42 had shown a good 
binding affinity to both wild and mutant DHFR receptors 
compared to the cognate ligand for anti-staphylococcal 
activity [Table 2]. From Table 1, the interactions are 
mainly due to the lipophilic factors and hydrogen bonding. 
The interactions with wild and mutant DHFR are mainly 

subjugated in the region of ALA7, ILE14, and SER49 
residues which are in the active site region [Figure 2]. The 
aryl substitutions are located in the hydrophobic pocket 
and the amino group is located in the hydrophilic pocket. 
The compound 29 exhibited hydrogen bonding with ILE14 
(H-bond length 2.52 Å) residue of wild DHFR and hydrogen 
bonding with ILE14, SER 49 (H-bond length 2.17 Å and 2.57 
Å, respectively) residues of mutant DHFR, which is depicted 
in Figure 3. The best-docked poses of the compounds 29, 
30 and 29, 50 for wild and mutant DHFR with significant 
binding affinities are shown in Figure 4.

The ADMET properties for the thiazolidin-4-ones 1-56 were 
determined in silico using the SwissADME webserver of 
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the Swiss Institute of Bioinformatics. Molecular weights 
of the compounds are between 377.46 and 433.57 g.mol-1. 
Estimated no. of hydrogen bond donors are in the range of 
0–1, hydrogen bond acceptors are in the range of 4–5. LogP, 
molar refractivity, rotatable bonds, and total polar surface 
area of the compounds are between 3.09 and 4.15; 111.04 and 
130.74; 4; 80.62 and 100.85 Å2, respectively. The compounds 
are in the range of Lipinski’s rule of five and Veber’s rule 
[Table 3].

All the compounds are showing moderate to poor aqueous 
solubility which indeed results in high gastro-intestinal (GI) 
absorption. All the compounds are not crossing the blood-
brain barrier. Skin permeation values are found in the range 
of –6.05 to –5.04 cm/s. 01, 02, 11, 25, 28, 33, 42, 53, and 56 
are P-gp substrates which can decrease drug accumulation in 
multidrug-resistant cells. The details of the ADME properties 
for compounds 1-56 are shown in Table 4.

Besides, synthetic accessibility of the compounds can be 
predicted using Swiss ADME on a scale of 1-10, that is, very 
easy to difficult to synthesize. All the designed compounds 
can be easily synthesized in the laboratory.

Bioavailability of all 1-56 compounds was found to be 0.55.

CONCLUSION

The docking study revealed that the thiazolidin-4-ones 
showed better alignment than the new experimental drugs 
at the active site by interacting with active site amino acid 
residues of DHFR (2W9H and 5ISQ). Thus, the in silico 
method adopted in the present study helped in identifying 
the lead molecules to inhibit DHFR. Results observed 
in the present study demonstrated that some derivatives of 
the designed thiazolidin-4-ones may exert interesting anti-
staphylococcal activity. The compounds 29, 30, and 50 have 
significant DHFR inhibitory activity and are likely to be 
useful as drugs or after further refinement in the discovery of 
novel anti-staphylococcal agents.
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