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      Recently, a new series of N-benzyl-3,6-dimethylbenzo[d]-isoxazol-5-amine derivatives were produced and their prostate anti-cancer 
activities were evaluated. Its compounds were perceived to have a strong inhibitory effect on the bromodomain of Tripartite motif-
containing protein 24 (TRIM24). The 3D-QSAR study was performed, utilizing comparative molecular field analysis (CoMFA) and 
comparative molecular similarity indices analysis (CoMSIA). The values of cross-validation coefficient (Q2) were 0.850 and 0.92, and the 
values of determination coefficient (R2) were 0.998 and 0.987. The predictive capacity of these models was based on a test set of seven 
molecules, which generated acceptable values of 0.793 and 0.804 for determination coefficient (R2), corresponding respectively to CoMFA 
and CoMSIA. In This study, molecular docking analysis was used to validate the 3D-QSAR models and explain the binding site 
interactions and energy between the TRIM24 bromodomain receptor and the most active ligands. The results of the previous models 
allowed us to predict new and active compounds, and their pharmacokinetic properties were verified using drug-likeness and ADMET 
prediction. Finally, to affirm the dynamic stability and behavior of the molecules, the most appropriate docked candidate molecules were 
simulated by molecular dynamics. 
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INTRODUCTION 
 
      Prostate cancer is a vicious non-skin cancer that attacks 
men all over the world. The generally adopted clinical 
treatment is based on androgen-deprivation, or anti-
androgen, therapy, which inhibits the androgen synthesis or 
blocks androgen receptors (AR) signaling pathways [1,2]. In 
most cases, castration and anti-androgenic treatments are 
administered [3]. Unfortunately, the majority of patients end  
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up developing both castration-resistant and antiandrogen-
resistant prostate cancers [4]. Because castration-resistant 
prostate cancer (CRPC) is often fatal, CRPC patients need 
more effective targeted therapy drugs. Consequently, in the 
past few years, abundant research has focused on 
developing molecule inhibitors of nuclear receptors in 
CRPC, along with small molecules inhibiting BCP 
(bromodomain-containing protein) [5-7]. In the present 
study, the authors identified the Tripartite motif-containing 
protein 24 (TRIM24) among the target proteins [8]. 
      TRIM24, also called transcription intermediary factor  
1-alpha  (TIF1α) [9],   is   a   multifunctional  protein  which 
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plays a primordial role in various biological processes, such 
as homogeneous or heterogeneous polymerization [10] and 
ubiquitylation [11]. TRIM24 functions as a co-regulator of 
the transcription and binds to nuclear receptors (NRs) 
through its LXXLL motif [12]. 
      Another crucial domain of TRIM24 is the 
bromodomain, which determines the sum of the superfamily 
bromodomain-containing protein (BCP) and contains sixty-
one members segmented into eight groups based on the 
similarity of structure/sequence [13]. 
      Having a histone epigenetic reader, TRIM24 belongs to 
the fifth sub-family and is capable of particularly 
recognizing the H3K23 acetyls (H3K23ac) through an 
intermediator of its bromodomain. TRIM24 binds to 
chromatin and estrogen receptors to activate genes that 
depend on estrogens and are associated with cellular 
proliferation and tumor development [14]. Other research 
indicates that TRIM24 affects carcinogenesis or tumor 
development in a variety of cancers, most notably prostate 
cancer [15].  
      Highly influential studies support that TRIM24 mediates 
the growth of CRPC via its bromodomains and the LXXLL 
motif. These studies also suggest that bromodomain is a 
possible medicinal target [16]. To treat CRPC, it is essential 
to significantly advance our understanding of the 
therapeutic potential of the bromodomain inhibitor TRIM24 
by identifying new specific potent inhibitors.  
      Recently, a novel series of N-benzyl-3,6-
dimethylbenzo[d]-isoxazol-5-amine derivatives have been 
synthesized and their anti-cancer activities have been 
assessed [17]. It was observed that these compounds 
exhibited strong inhibition against TRIM24-related 
bromodomains, indicating their high potential for 
development as a new class of medicine for the treatment of 
prostate cancers. Despite significant advancements in 
experimental research, few theoretical studies have been 
carried out on how the structural properties of these 
compounds impact their anticancer activities, and the 
inhibitory mechanisms of these compounds targeting 
TRIM24 bromodomain remain largely unknown. 
      As one of the most efficient approaches to 
understanding the mechanism action of drugs and designing 
new drugs, the QSAR methodology consists of                        
a   quantitative   correlation of   the  molecular  structures  or  

 
 
properties with variations in biological activity [18,19]. 
Moreover, molecular docking is an effective tool for 
calculating detailed protein-ligand interactions and 
obtaining 3D graphical information for a deeper 
conceptualization of molecular binding mode [20]. 
Currently, 3D-QSAR approaches that include CoMFA and 
CoMSIA studies are efficiently employed to understand the 
pharmacological characteristics of the studied compounds 
and design new drugs [18]. 3D-QSAR analyses elucidate 
both favorable and unfavorable zones impacting biological 
activity. Additionally, molecular docking can offer various 
orientations of the ligands inside the active region, which, in 
turn, helps researchers to hypothesize about the probable 
receptor-ligand interactions [19]. In this work, a novel  
series of N-benzyl-3,6-dimethylbenzo[d]-isoxazol-5-amine 
derivatives, acting as three-targeted TRIM24 bromodomain 
inhibitors, were produced to conduct a theoretical study 
utilizing 3D-QSAR and molecular docking methods. The 
orientations and the probable binding conformations of the 
composites interacting with TRIM24 bromodomain were 
determined and located, and 3D-QSAR models were 
established. Also, the predicted compounds were tested by 
ADMET prediction to evaluate their pharmacokinetic and 
pharmacodynamic properties [20,21]. To affirm the binding 
stability and the conformational space of the final candidate 
molecules, the most appropriate docked compounds were 
simulated by MD (molecular dynamics) [22]. 
      We anticipate that the obtained results will be a valuable 
theoretical guide for the logical design of selective and 
innovative TRIM24 bromodomain inhibitors. Furthermore, 
it is hoped that the findings of this study will provide some 
relevant references for future experimental studies. 
 
TOOLS AND METHODS 
 
Data Sets 
      A dataset of N-benzyl-3,6-dimethylbenzo[d]-isoxazol-5-
amine derivatives (30 compounds) selected from the 
literature based on the biological assay method was used as 
TRIM24 bromodomain inhibitors, synthesized, and used to 
generate 3D-QSAR models and conduct molecular docking 
analysis [17]. The dependent variable in the CoMFA and 
CoMSIA model was pIC50 (-logIC50), which was 
transformed from the activity levels (IC50 in nM) [23].  The  
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arbitrary partition of a training set (24 compounds, 80%) 
and a test set (6 compounds, 20%) were used to develop and 
validate the QSAR model (Table 1) 
 
3D-QSAR Study 
      Molecular database optimization and alignment. The 
design, molecular optimization, and alignment of the 3D-
QSAR model were conducted utilizing the computer 
package SYBYL-X 2.1 [24]. This software utilizes 
optimized geometry using the Tripos force field and is 
based on the following criteria: 
 0.001 kcal mol-1 as the convergence criterion, 
 A maximum of 10000 repetitions, 
 The Gasteiger-Hücke model is used to determine atomic 

charges [25]. 
In SYBYL-X 2.1, compound 4, which was the most active 
compound, was utilized as a model to align all molecules in 
the database.   
 
The CoMFA Model  
      The CoMFA method requires arranging the individual 
compounds on a 2.0 Å spacing grid lattice [26]. An sp3 
carbon atom with a +1 charge was utilized to examine the 
electrostatic (Coulombic) and steric (Lennard-Jones) field 
energies. The interaction energy cutoff was set at                  
30 kcal mol-1. To reduce computing time without impacting 
the accuracy of the CoMFA models, column filtering was 
used based on the calculation of molecular-field energies 
with a variation smaller than 2.0 kcal mol-1 [27]. 
      The robustness of the partial-least-squares (PLS) 
analysis was assessed by leave-one-out (LOO) cross-
validation in the CoMFA methodology (LOO). For the 3D-
QSAR to be statistically reliable and predictable, the cross-
validation coefficient Q2 and the correlation coefficient R2 
must be more than 0.5 and 0.6, respectively. 
      For the CoMFA model to be totally accurate, the 
standard error estimate (SEE) and the Fisher coefficient of 
R2 must be obtained using PLS through a non-cross 
validation approach. The suggested model predictive ability 
was validated with external validation (test set) [28]. 
 
The CoMSIA Model 
      The CoMSIA [29] model is the developed version of the 
CoMFA method.  

 
 
The hydrophobic field, electrostatic field, and hydrogen-
bond acceptor and donor of the CoMSIA model are as 
follows: 
 The calculations were estimated in a 2,0 Å grid; 
 The cutoff energy of the interactions was in the order of         

30 kcal mol-1 [30]; 
 The attenuation factor was set at 0.3. Column filtering 

was based on calculating molecular-field energies that 
differed by less than 2.0 kcal mol-1. 

 
Molecular Docking Study 
      Molecular docking is a computational method for 
detecting and visualizing potential interactions between 
ligands (N-benzyl-3,6-dimethylbenzo[d]-isoxazol-5-amine 
derivatives) and receptors (TRIM24 bromodomain). In 
terms of docking processes, the suitable protein (i.e., 
TRIM24 bromodomain) [31] was found in the Protein Data 
Bank [32] (PDB ID: 4YBT). The initial ligand and water 
molecules were eliminated, and the active site of the protein 
was found using the AutoDockTools [33]. A cubic grid box 
(X = 38, Y = 36, and Z = 28 at 0.375) was built through the 
re-docking of the basic ligand. 
     Finally, the most potent compounds and inhibitors in the 
active zone of the protein 4YBT were identified. The results 
are shown using PyMol [34] and Discovery Studio (2017) 
[35]. 
 
MD Simulation 
      Molecular dynamic (MD) simulation has shown to be a 
vital instrument in claiming the time-dependent stability of 
ligand into the active site of a protein. The best-scored 
complex of TRIM24 bromodomain (PDB ID: 4YBT) 
subsequently underwent a molecular docking study. 
GROMACS version 1-1 [36] was used to perform all 
computations. 
The following parameters were used to build the MD 
simulation model in GROMACS: 
 The CHARMM General Force Field (CGenFF) server 

[37] produced the topology file for the compounds 
whereas the 'pdb2gmx' tool created the topology file for 
the protein TRIM24 bromodomain (PDB ID: 4YBT); 

 The simulations were carried out in a triclinic box with a 
distance of 1.0 nm, and a TIP3P water model solvated           
the  system  [38]  using  the CHARMM36 all-atom  force   
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Table 1. The Experimental Biological Activity Dataset of Alkyl Linkers of N-benzyl-3,6-dimethylbenzo[d]-isoxazol-5-amine  
               Derivatives 

 
 

Compound R1 R2 
IC50 (nM) 

Alphascreen 

pIC50 

Alphascreen 
Compound R1 R2 

IC50 (nM) 

Alphascreen 

pIC50 

Alphascreen 

1 H CH3 7.3 5.1366 16 H  78.36 4.1059 

2 H H 7.37 5.1325 17 H  65.05 4.1867 

3 T H  3.84 5.4156 18 H 
Cl

 
76.09 4.1186 

4 H  1.88 5.7258 19 H 
 

76.41 4.1168 

5 H  4.19 5.3777 20 T H 
 

24.15 4.6170 

6 H 
 

3.34 5.4762 21 H 
 

87.31 4.0589 

7 H 
 

3.47 5.4596 22 H 
 

54.49 4.2636 

8 T H 
 

2.53 5.5968 23 H 
 

64.42 4.1909 

9 T H  12.22 4.9129 24 H 
 

8.42 5.0746 

10 H 
 

2.86 5.5436 25 H 
 

2.57 5.5900 

11 H  9.01 5.0452 26 H 
 

2.33 5.6326 

12 
 

H 
 4.3 5.3665 27 

  32.79 4.4842 

13 H 
O

 
2.54 5.5951 28 

O

 
H 34.19 4.4661 

14 T H 
O

 
2.72 5.5654 29 T   34.97 4.4563 

15 H  70.76 4.1502 30   
39.61 4.4021 

  Tis the utilized test set compounds in CoMFA and CoMSIA. 
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field (March, 2019) [39]; 
 The system was neutralized by the addition of sodium 

and chloride (Na+/Cl-) ions; 
 Using the steepest descent algorithm, the reduction in the 

system energy was exposed to 50,000 steps; 
 The production of MD simulation was run for 20 ns for 

each simulation at a temperature of 300 k, a pressure of  
1 bar, and a time step of 2 fs.  

 
ADMET and Drug-Likeness Prediction 
      In silico ADMET prediction [40] is a crucial step in 
determining the pharmacokinetic and pharmacodynamic 
parameters and properties of molecules. These parameters 
are predicted by 3D-QSAR models and validated by 
molecular docking (MolPred 1-5) for it allows the 
identification of components needed to meet the minimal 
criteria of acceptance as potential medicinal components 
[20].  
      In this ADMET study, we used the online tools pkCSM 
[41] and SwissADME [42] to predict the ADMET 
properties of the four suggested molecules.   
      The ADMET study is based on the interpretation          
of the prediction results of the pharmacokinetic and 
pharmacodynamic properties. Accordingly, the obtained 
results must meet the following criteria:  
 MW: Molecular weight must be under 500 DA (MW) < 

500 Da; 
 LogP: Water partition coefficient must be under 5 (logP) 

< 5; 
 BBB level:  
- Compounds with logBB values of 0.3 or higher that pass 

the blood-brain barrier instantly; 
- Compounds with log BB values ranging from 0.3 to 1 

that have access to the central nervous system (CNS); 
- Compounds with log BB values of 1 that have a poor 

distribution to the brain. 
 HIA (human intestinal absorption): The compound with 

an intestinal absorbance value that is higher than 30% is 
deemed to be extremely absorbed; 

 CYP2D6: This is included in the metabolism of various 
substrates in the liver along with its inhibition by a drug 
constitute, mostly drug-drug interactions; 

 Total clearance (Cltot): Drug clearance is defined by         
the  rate  constant and occurs mostly  as  a  mix  of  renal 

 
  

clearance (excretion via the kidneys) and hepatic 
clearance (liver metabolism and biliary clearance). It is 
related to bioavailability and is critical in establishing 
dosage rates to achieve solid concentrations; 

 AMES toxicity: It is a widely used technique for 
determining the mutagenic potential of a compound 
using bacteria. If the test is positive, it suggests the 
substance is mutagenic and may function as a 
carcinogen; 

 Skin sensitization: This is a potential unfavorable effect 
for the products that are applied to the skin. A mandatory 
safety concern is the evaluation of the potential allergic 
contact dermatitis that could arise if the skin comes in 
contact with a compound.  

 
RESULTS AND DISCUSSION 
 
Database Alignment  
      The compilation of various compounds of the training 
and test sets in the distillation module of the Sybyl software 
revealed the common structure (core) of the training and test 
sets (Fig. 1). 
 

 
 

 
Fig. 1. Molecular   alignment   in   the   data set:  (a)  ligand-based  
           alignment model of all the compounds; (b) molecular core. 

a 

b 
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CoMFA and CoMSIA Results  
      Table 2 summarizes the statistical findings derived from 
the compilation of the CoMSIA and CoMFA system 
databases. 
      Table 3 and Figs. 2 and 3 show the observed and 
predicted pIC50 as well as their residues of CoMSIA and 
CoMFA. 
      The examination of the CoMFA model (electrostatic and 
steric fields) and CoMSIA (steric, hydrogen-bond donor 
fields) confirmed the validity of the statistical results, 
including R2, Q2, R2 test, and SEE (Table 2). 
      It is worth noting that the CoMFA model consists of six 
main components, which is the optimal number of 
components given the number of molecules used in the 
development of this model. The values of correlation 
coefficient R2 and cross-validation coefficient Q2 were 
0.997 and 0.781, respectively. The R2 test resulted in a score 
of 0.700. These statistical results confirm the robustness of 
the CoMFA model. 
      Furthermore, the CoMSIA model is constructed using 
two basic primary components. Given the number of 
molecules employed in the construction of this model, this 
is the best option. The values of correlation coefficient R2 
and the cross-validation coefficient Q2 were 0.793 and 
0.935. The R2 test resulted in a score of 0.729, suggesting 
that the CoMSIA model prediction was reliable. 
      A comparison of the CoMFA and CoMSIA models 
indicated that the CoMSIA results were extremely 
significant and could be utilized to predict novel TRIM24 
bromodomain compounds with high potency action (Fig. 3). 
In the CoMFA model, the contributing fractions of each 
field showed that the steric and electrostatic fields shared 
fractions  with  60%  for the electrostatic fields and 40% for 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2. CoMFA model: correlations between experimentally  
          observed (pIC50) and  predicted (pIC50)  values for  
          the test (red) and training (blue) sets of compounds. 

 
 

 
Fig. 3. CoMSIA        model:    correlations       between   
           experimentally observed (pIC50) and predicted  
          (PIC50) values for the molecules of the  test set 

   (red color) and the training set (blue color). 

Table 2. PLS Statistics of CoMFA and CoMSIA Models 
 

Filled distribution Model Q2 R2 SEE F value R2 test N 
STER ELECT ACC DON HYD 

COMFA 0.781 0.997 0.040 945.249 0.700 6 0.594 0.406 - - - 
COMSIA 0.793 0.935 0.184 41.067 0.729 6 0.633 - - 0.367 - 

The same PLS analysis was used in the final non-cross-validated analysis; R2 = Non-cross-validated determination 
coefficient; R2 test = External validation determination coefficient; SEE = Standard error of the estimate; F = Fischer value; 
N = Optimum number of components obtained from cross-validated; Q2 = Cross-validated determination coefficient.  
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the steric fields. The steric fields and hydrogen acceptor 
percentages in the CoMSIA model were 63% and 37%, 
respectively. 
 
Graphical Interpretation of Results Using CoMFA 
and CoMSIA 
      The  ability  to  observe  the  zones in which the  activity  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
increases or decreases in the referential molecular structure 
is one of the advantages of the 3D-QSAR CoMSIA and 
CoMFA (compound 4). Following model compilation, the 
electrostatic and steric contour maps of CoMFA, as well as 
the hydrogen-bond donor and steric contour maps of 
CoMSIA, were all visible. The default contribution levels  
of 20% and 80% for the  disfavored  and  favored  locations, 

     Table 3. The Predicted and Observed Activity Values and the Residual Values Obtained by 3D-QSAR (CoMFA  
                    and CoMSIA) 
 

Compound 
pIC50 TRIM24 
bromodomain 

CoMFA pIC50 Residual CoMSIA pIC50 Residual 

1 5.1366 5.229 -0,0923 5.363 -0,2263 
2 5.1325 5.229 -0,0965 5.205 -0,0725 
3T 5.4156 5.239 0,1767 5.245 0.1706 
4 5.7258 5.718 0,0078 5.733 -0,0072 
5 5.3777 5.310 0,0678 5.414 -0,0362 
6 5.4762 5.488 -0,0117 5.416 0,0603 
7 5.4596 5.357 0,1027 5.396 0,0637 
8T 5.5968 5.439 0,1579 5.412 0.184 
9T 4.9129 4.689 0,2239 4.007 0.905 
10 5.5436 5.467 0,0766 5.501 0,0426 
11 5.0452 5.026 0,0193 4.785 0,2603 
12 5.3665 5.420 -0,0535 5.431 -0,0645 
13 5.5951 5.573 0,0222 5.458 0,1372 
14T 5.5654 5.646 -0,0806 5.826 -0.2605 
15 4.1502 4.177 -0,0268 4.127 0,0232 
16 4.1059 4.069 0,0369 3.984 0,1219 
17 4.1867 4.182 0,0048 4.388 -0,2012 
18 4.1186 4.058 0,0607 3.956 0,1627 
19 4.1168 4.231 -0,1142 4.390 -0,2732 
20T 4.6170 4.273 -0,2141 4.391 0.2260 
21 4.0589 4.001 0,0579 3.892 0,1669 
22 4.2636 4.211 0,0527 4.388 -0,1243 
23 4.1909 4.265 -0,074 4.536 -0,345 
24 5.0746 5.194 -0,1193 4.958 0,1167 
25 5.5900 5.725 -0,1349 5.624 -0,0339 
26 5.6326 5.561 0,0716 5.397 0,2356 
27 4.4842 4.498 -0,0137 4.595 -0,1107 
28 4.4661 4.335 0,1311 4.335 0,1311 
29T 4.4563 4.790 -0,3337 4.818 -0.3616 
30 4.4021 4.308 0,0942 4.428 -0,0258 
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respectively, were represented by outlines. 
 
CoMFA Contour Maps 
      The red contour, which shows regions with increased 
activity and negative charges, and the blue contour, which 
shows sites where positive charges are favored, characterize 
the CoMFA electrostatic interactions. The yellow contour, 
which shows disfavored bulky substituents, and the green 
contour, which indicates favored bulky substituents, 
characterize the steric interactions of CoMFA. The results 
are illustrated in Figs. 4a and 4b. 
      A larger favorable green contour map nearby the 
position R2 (Fig. 4a) shows that the R2 group is favorable in 
terms of steric field, which could explain why compound 4 
(R2 = butyl; pIC50 = 5.725), was most active with 
compound 3 (R2 = propyl; pIC50 = 5.415), compound 2         
(R2 = methyl; pIC50 = 5.1325), and compound 1 (R2 = 
hydrogen; pIC50 = 5.1366).  
      Furthermore, a small unfavorable yellow contour nearby 
the position R1 zone could explain why compound 1 (R1 = 
hydrogen; pIC50 = 5.1366) was most active with compound 
27 (R1 = acetaldehyde; pIC50 = 4.484), and why compound 
2 (R1 = methyl; pIC50 = 5.1325) was most active with 
compound 28 (R1 = acetaldehyde; pIC50 = 4.4661). 
      Figure 4b shows the electrostatic contour map. The blue 
contours show the regions where positive charges are 
favored. An elevated binding affinity on the substituent R2 
represents a region in which the positive groups showed 
increased activity, explaining why compounds 1 (R1 = 
hydrogen; pIC50 = 5.1366) was most active with compound 
27 (R1 = acetaldehyde; pIC50 = 4.484), and why compound 
2 (R1 = methyl; pIC50 = 5.1325) was most active with 
compound 28 (R1 = acetaldehyde; pIC50 = 4.4661). 
      The red outlines, on the other hand, imply that the 
substituents must be rich in electrons. A strong binding 
affinity on the substituent R1 suggests the presence of a 
zone where negative groups and electron donors have 
improved activity. For example, compound 1 (R1 = 
hydrogen; pIC50 = 5.1366) was most active with compound 
14 (R1 = 3-methylfuran; pIC50 = 5.565). 
 
CoMSIA Contour Maps 
      In what follows, the focus is on steric (Fig. 5a) and 
acceptor (Fig. 5b) fields in CoMSIA contour maps. 

 

 

 
Fig. 4. Standardized coefficient contour maps of CoMFA  
          analysis of the anti-cancer activity (compound 4). 

 
 
      A larger favorable green contour map close to the 
position R2 (Fig. 4a) indicates that the R2 group was 
favorable regarding the steric field, which could explain 
why compound 4 (R2 = butyl; pIC50 = 5.725) was most 
active with compound 3 (R2 = propyl; pIC50 = 5.415), 
compound 2 (R2 = methyl; pIC50 = 5.1325), and compound 
1 (R2 = hydrogen; pIC50 = 5.1366),   
In addition, a small unfavorable yellow contour nearby the 
position R1 zone explains why compound 1 (R1 = 
hydrogen; pIC50 = 5.1366) was most active with compound 
27 (R1 = acetaldehyde; pIC50 = 4.484), and why compound 
2 (R1 = methyl; pIC50 = 5.1325) was most active with 
compound 28 (R1 = acetaldehyde; pIC50 = 4.4661). 

a 

b 
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Fig. 5. (a) The  steric   fields:   The   green    outlines  depict  
           locations  where  steric  substituents   improved   the  
          activity      (80%   contribution)     whereas    yellow  
          contours   depict   areas   where    steric  substituents  
          reduced  the activity (20%); (b) The  acceptor-bond- 
         donor field: The cyan outlines indicate  areas  where  
        acceptor-bond-donor groups were more active (80%  
        contribution) whereas the  purple  contours  indicate  
       areas where hydrogen-bond donor groups were less  

           active (20% contribution). 

 
 
      The cyan contouring the R1 group reveals that a 
hydrogen-bond donor substituent in this area would increase 
activity. The purple contour reveals the importance of the 
hydrogen bonding acceptor group. 
 
Docking Results 
      For the identification and detection of the proper 
placement of the active site of the TRIM24 bromodomain 
(PDB ID: 4YBT), the re-docking of the co-crystalized 
ligand was performed, as shown in Fig. 6. The results 
showed that the co-crystallized and re-docked fragments 
were closely coupled, suggesting that the docking process 
performed was reliable. 
 
 

 
Fig. 6. Superposition of the re-docked ligand (purple stick)   
           with the reference ligand (green stick) in the pocket  

            TRIM24 bromodomain (PDB ID: 4YBT). 
 
 

      The docking study revealed the nature of the interaction 
between the series most active compound (compound 4) and 
the active site of the TRIM24 bromodomain protein (PDB 
ID: 4YBT) (Fig. 7). 
According to the docking findings of compound 4, multiple 
types of ligands, as listed below, interacted with the active 
site of the TRIM24 bromodomain protein (Table 5):  
Hydrogen bonds Try 935, 
Pi-sigma bonds Val 896, 
Pi-donor hydrogen bonds Asp 926. Asn 980. Pro 929. Val 
928. Cys 976, 
Pi-Alkyl bonds Val 932. Leu 922. Phe 924. Ala 932.  
      The multiplicity of interaction types between compound 
4 and protein TRIM24 bromodomain explains the results 
indicating the low energy of the ligand (-6.46 kcal mol-1).  

a 
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Fig. 7. Docking   results  of   the   interaction    between  
           compound 4 and TRIM24 bromodomain protein  

               (PDB ID: 4YBT). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Design of New TRIM24 Bromodomain Inhibitors 
      The use of 3D-QSAR models and molecular docking to 
build novel TRIM24 bromodomain inhibitors with 
improved efficacy resulted in the development of new 
TRIM24 bromodomain inhibitors. 
      In this study, new TRIM24 bromodomain inhibitors are 
introduced based on 3D-QSAR and molecular docking data, 
which were optimized and aligned in the same way as the 
dataset compounds. The chemical structure and predicted 
activity levels of novel compounds, as well as the dataset 
pertinent to the strongest inhibitor, are displayed in Table 6. 
In terms of their activity, the newly developed compounds 
outperformed the most potent inhibitor in the collection. 
      We  performed  molecular  docking   using  MolPred 1-4 

Table 4. The Most Significant Interactions between the TRIM24 Bromodomain Site and Most Active Compounds Pred1 
 
Compound pIC50 Pi-alkyl Hydrogen bonds Pi-donor hydrogen bonds Pi-Sigma 
4 5.7258 Val 932. Leu 922. Phe 924. 

Ala932 
Try 935 Asp 926. Asn 980. Pro 929. 

Val 928. Cys 976 
Val 896 

 

           Table 5. Compounds along with Their Structures and Predicted pIC50 based on 3D-QSAR (CoMSIA Model) 
 

Compounds pIC50 (Pred) of 
model CoMISA 

Structure 

MolPred 1 6.704 

 
MolPred 2 6.041 

 
MolPred 3 5.956 

 
MolPred 4 5.829 
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compounds to examine the types of liaisons and ligand 
constancy in the TRIM24 bromodomain enzyme (PDB ID: 
4YBT), thus making sure that the suggested compounds 
were effective inhibitors. Table 7 shows the interactions 
between the predicted compounds and the TRIM24 
bromodomain enzyme. 
      The findings showed that the binding energy of the 
predicted  compounds  in  the  active  site   of   the  TRIM24  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
bromodomain enzyme (PDB ID: 4YBT) was greater than 
that of the most powerful inhibitor in the dataset                     
(-6.46 kcal mol-1). This means that the novel compounds 
were more likely to bind with the TRIM24 bromodomain 
and have a substantial inhibitory impact on the TRIM24 
bromodomain enzyme (PDB ID: 4YBT). 
      The ligand Predmol 1 has been resolved via four 
hydrogen  bonds,  particularly   Glu919.  A  strong  Pi-donor  

Table 6. The Results of the Predicted Compounds Docking with TRIM24 Bromodomain Protein (PDB ID: 4YBT) 
 

Compounds Binding energy 
 (kcal mol-1) 

Docking result 

MolPred 2 - 8.51 

 
MolPred 3 - 8.43 

 

MolPred 4 - 7.96 

 

MolPred 5 - 7.70 

 
 



 

 

 

Chedadi et al./Phys. Chem. Res., Vol. 10, No. 4, 519-535, December 2022. 

 530 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
hydrogen-bond interaction was produced between the 
residues of Met 920 and the newly designed 4-
(ethylsulfonyl) piperidine group. The extra donor and 
hydrogen-bond interaction might explain the increased 
activity and docking affinity of compound Predmol 1. 
 
ADMET Results 
      The results of the calculated ADMET molecular 
properties of predicted compounds (MOL1-4) are shown in 
Table 5. These results show that the predicted compounds 
had an adsorption value of the human intestines that varied 
between 90.75% and 92.41%, suggesting excellent 
adsorption of these compounds by the intestines and hence 
their efficiency in acting quickly. 
      Regarding the blood-brain barrier value, it was observed 
that the value of Log BB was less than 1, which means that 
the compounds were not transmitted to the brain; thus, the 
central nervous system (CNS) was protected. 
      At the level of CYP2D6 metabolism, the predicted 
compounds did not inhibit CYP2D6, which plays a vital role 
in the degradation of excess drugs in the body. 
      The results of the total clearance, expressed in logCttot, 
showed that the liver was capable of breaking down the 
molecules slowly, leaving enough time for the predicted 
drugs to act in the body.  
      The toxicity of the predicted compounds was measured 
by the AMES parameter, which indicated that not all 
compounds were toxic.  
      To sum up, it can be concluded that the results of the          
in silico ADMET properties indicated that the 
pharmacokinetic and  pharmacodynamic  properties  of  the  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
predicted molecules (MolPred 1-4) were reliable; therefore, 
these compounds can be used as potential drugs against 
prostate cancers. 
 
Molecular Dynamic Simulation  
      Compounds 4 and Pred1 were submitted to MD 
simulation to confirm the results of molecular docking and 
the stability of docked compounds in the binding site of 
TRIM24 bromodomain protein (PDB ID: 4YBT). All 
systems were utilized for a 20 ns time scale simulation. 
      Figure 8a shows the root-mean-square-deviation 
(RMSD) of the 4YBT-Mol4 and 4YBT-Pred1 complexes. 
The average RMSD values of the 4YBT-Mol4 and 4YBT- 
Pred1 systems were 0.31 and 0.21 nm, respectively. As a 
result, the complex 4YBT F Pred1 had a more stable 
structure than the complex 4YBT-Mol4. 
      Root-mean-square fluctuations (RMSFs) of C atoms in 
TRIM24 (PDB ID: 4YBT) were estimated based on the 
final 40 ns of MD trajectories to investigate the influence of 
inhibitor bindings on the structural fluctuation of TRIM24.  
As shown in Fig. 8b, except for the region near residues 864 
and 887, the RMSF values basically decreased due to the 
binding of inhibitors to TRIM24 (PDB ID: 4YBT), which 
suggests that the presence of inhibitors restricted the 
fluctuation of certain residues from TRIM24 (PDB ID: 
4YBT). In addition, the Pred1 binding increased structural 
fluctuation near residues 864 and 887, which indicates         
that the substitutions hinge-binding scaffold produced 
perturbation in the flexibility of this region. 
      We also used the radius of gyration and solvent 
accessible surface area analysis to determine the compaction  

Table 7. In Silico Prediction of Drug-likeness and ADMET Proprieties 
 

Toxicity Drug-likeness 

No. MW  HBA HBD logP logS HIA 
BBB 

(logBB) 

CYP 2D6 

inhibition 

Total 

Clearance AMES 
Skin 

Sensitization 
Lipinski 

Bioavailability 

Score 

MolPred 1 457.590 7 2 4.338 -4.874 92.417 -0.538 No 0.653 No No Yes 0.55 

MolPred 2 498.649 8 2 3.316 -4.03 90.759 -0.72 No 0.655 No No Yes 0.55 

MolPred 3 443.569 7 1 3.902 -4.626 91.537 -0.546 No 0.669 No No Yes 0.55 

MolPred 4 429.542 7 2 3.559 -4.386 90.832 -0.583 No 0.756 No No Yes 0.55 

HBA = number of hydrogen bond acceptor MW = molecular weight, HIA = human intestinal  absorption  HBD = number of hydrogen bond 
donor, logP = octanol-water partition coefficient, logs = Water solubility, BBB = blood brain barrier. 
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  Fig. 8. Molecular   dynamics    simulations: (a)  RMSD  of  
             backbone  over   the   20 ns  of  MD  simulation  at 
             300 K and  1 bar; (b) RMSF   of    residues  during    
             MD  simulation.  In  both   figures,  the   red  color  
             represents the 4YBT-Mol4 complex, and the black  

color represents the 4YBT-Pred1 complex. 

 
 

 
Fig. 9. The radius of  gyration corresponds to 10 ns  MD  
            simulation at 300 K. The red color represents the  
           4YBT-Mol4     complex,   and   the   black  color  

               represents the 4YBT-Pred1 complex. 
 
 
level in TRIM24 (PDB ID: 4YBT) and the structure of 
compounds Mol4 and Pred1. The analysis of the radius of 
gyration provided an insight into the overall dimensions of 
the protein. Figure 9 illustrates the plot of Rg 4YBT-Mol4 
and 4YBT-Pred1 complexes for 10 ns simulation time at 
300 K. The radius of gyration (Rg) of 4YBT-Mol4 and 
4YBT-Pred1 was found to be 1.72 and 1.71 nm, 
respectively. Throughout the simulation period, the curve 
demonstrated that 4YBT-Mol4 had a larger Rg value than 
4YBT-Pred1. As a result, it can be concluded that 4YBT-
Pred1 improves enzyme stability. 
      As clearly indicated in Fig. 10, the main secondary 
structural components of the ligand and protein in the 
TRIM24 bromodomain protein (PDB ID: 4YBT) complex 
remained relatively similar to their original configuration 
before the MD simulation. Figure 10 also shows that all the 
ligands bound to the position close to the initial binding site. 
All of these results are in agreement with those obtained by 
3D-QSAR and molecular docking. 
  
CONCLUSIONS 
 
      In this research, 3D-QSAR and molecular docking  were 

a 
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Fig. 10. The  superposition of the final complex structure  
              after MD simulation  for 20 ns (green color) and  
              initial complex structures before MD simulation  

                (blue color). 
 
 
used to predict the anti-cancer activities of a series of N-
benzyl-3,6-dimethylbenzo[d]-isoxazol-5-amine derivatives 
as potential inhibitors of (TRIM24) bromodomain in 
prostate cancers. The 3D-QSAR models were developed 
using a PLS model, which included CoMFA and CoMSIA. 
All of the developed models were found to have excellent 
R2, Q2, and R2 test values, indicating that the models were 
statistically reliable. Molecular docking was used to explore 
the binding site interactions and energy between ligands and 
the (TRIM24) bromodomain protein. The findings were 
consistent with those obtained by the 3D-QSAR model. 
Four new N-benzyl-3,6-dimethylbenzo[d]-isoxazol-5-amine 
derivatives were predicted using CoMSIA. The results of 
the docking study indicated that these predicted compounds 
were more stable in the binding pocket of the (TRIM24) 
bromodomain receptor than the most powerful inhibitor in 
the dataset (compound 4), and their pharmacokinetic 
characteristics were confirmed by drug-likeness and 
ADMET prediction. The results of MD simulation also 
showed that compound Pred1 was stable in the binding 
pocket of (TRIM24) bromodomain receptor during the          
20 ns of simulation time. 
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