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Computational investigation on the molecular interactions 

between MDM2 and its photoactivatable inhibitor 
 

7.1. Abstract: 

The Murine Double Minute 2 (MDM2) protein is a crucial negative regulator of the tumor 

suppressor p53 molecule. In order to restrict p53 functioning, MDM2 molecules are 

overproduced in many human tumors. Thus, reactivating p53 in cancer cells using 

inhibitors, disrupting p53-MDM2 binding, can offer an effective approach for cancer 

therapy. Recently a photoactivatable MDM2 inhibitor, a photoremovable-protecting 

group (PPG) in complex with idasanutlin has been reported to exert no functional effect 

on cellular outgrowth but allows for the selective, non-invasive activation of antitumor 

properties due to the release of active inhibitor idasanutlin from the complex upon 

irradiation with 400 nm light. In this study, using molecular docking and Molecular 

Dynamics (MD) simulations, we have investigated the interaction of (i) PPG-idasanutlin 

complex and (ii) the active inhibitor idasanutlin with MDM2 at the molecular level. We 

noticed that the PPG-idasanutlin complex fails to fit into the binding cavity of MDM2. 

But the active inhibitor idasanutlin when it is free from PPG was found to fit perfectly 

into the binding cavity of MDM2. From the Dictionary of Secondary Structure of Proteins 

(DSSP) analysis, we found that the number of α-helices, which aid in the stability of 

protein, were found to be more in the MDM2-idasanutlin complex rather than in the 

MDM2-PPG-idasanutlin complex. Using the PDBsum server, we have compared the 

interaction profiles of MDM2-PPG-idasanutlin, MDM2-idasnautlin and MDM2-p53 

complexes. From the interaction profile, we found the active inhibitor, idasanutlin free 

from PPG to bind to the region in MDM2 where p53 prefers to bind. 

 

7.2. Introduction: 

At present, cancer is one of the most dominant causes of death across the world. 

Many different types of cancer treatment have been developed, but the type of treatment 

that an individual receives depends solely on two factors: (i) the type of cancer and (ii) 

the stage of cancer. These treatments can be either in a single formulation or in a 

combination, such as immunotherapy, targeted therapy, hormone therapy, and the most 

common method: surgery with chemotherapy and/or radiation therapy. But these methods 
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come with certain drawbacks, wherein the inherent toxicity and the associated adverse 

effects account for the majority of the drawbacks in cancer chemotherapy. To overcome 

the problems concerning these selectivity issues, the focus has been now shifted to 

exploring the targeting pathways that are exclusive for cancer cells [607-609]. Therefore 

targeting the cancer cell-specific protein-protein interactions (PPIs) is  an effective 

strategy for  controlling these cellular pathways, , hence paving a way for a novel targeting 

strategy in anticancer treatment. 

One of the most targeted proteins in developing anti-cancer therapy is p53, which 

functions as tumor suppressor protein and is well-known to exhibit a variety of PPIs. It 

plays an important role in many cell-regulating pathways like DNA repair, apoptosis, cell 

cycle control, and cellular stress responses [610, 611]. p53, when activated by different 

kinds of stresses, can drive cellular senescence and at times leading to apoptosis. This 

property has deep involvement in cancer treatment because the upregulation of p53 

protein expression can instigate senescence or apoptosis in  the cycling cells [612-615]. 

The MDM2 is an  E3 ubiquitin-protein ligase. MDM2 is well studied as the primary 

repressor of the p53 protein activity. The mechanism of repression includes the interaction 

of MDM2 with p53 by promoting its ubiquitination followed by subsequent degradation 

by the proteasome [616-618]. The other two mechanisms by which MDM2 inhibits p53 

activity are either by directly binding to and blocking the N-terminal transcriptional 

activation domain of p53 or by promoting the export of p53 from the nucleus to the 

cytoplasm [619]. This regulation of the PPI between p53 and MDM2 can play a vital role 

in the development of anticancer drugs. 

Recently, many classes of chemical compounds have been found to be effective as 

MDM2 antagonists, including Nutlin-Type Compounds, Imidazoles, Imidazothiazoles, 

Benzodiazepines, Spirooxindoles, Isoindolones, Indole-2-Carboxylic Acid Derivatives, 

Pyrrolidinones, Pyrrolidines, Isoquinolines and Piperidinones, Peptides and some 

miscellaneous compounds [620]. The antagonist that shows the maximum number of van 

der Waals interactions with MDM2 will effectively be able to inhibit the PPI between 

MDM2-p53 [621]. Among the mentioned compounds, ntlins have been found to be the 

most effective in modulating the tumor-suppressing pathway of p53 [622-624]. This 

function is achieved by the binding of MDM2 to p53, because of which the proteolytic 

breakdown of p53 gets inhibited. Once p53 gets stabilized, it stops the rapid cell division, 

leading to cell senescence. 



CHAPTER 7 2022 
 

184 | P u n d a r i k a k s h a  D a s   

Photopharmacological strategies [625, 626] can be introduced for (i) increasing the 

selectivity of certain MDM2 inhibitors; and (ii) making them involved as research tools 

to understand MDM2−p53 interactions. In photopharmacological strategies, a drug can 

be modified with a photoswitch, or photoremovable-protecting group (PPG) [627-630]. 

The functioning of a PPG includes  protecting the functional group in the pharmacophore 

and exhibiting selective light-triggered activation. Ideally, a photo protected drug remains 

in an inactive state. However, when photo-activated, the active drug is liberated [621, 

631]. 

Recently, Hansen and his group [632] described the photoactivation of the 

photoactivatable MDM2 inhibitor PPG-idasanutlin in hindering the binding of MDM2 

and p53. They reported that idasanutlin, when bound to a PPG cannot block the interaction 

between MDM2 and p53, leading to p53 degradation. 

But the release of the active inhibitor idasanutlin from the PPG-idasanutlin complex 

in a light-triggered manner (upon 400 nm irradiation) prevents the interaction between 

MDM2 and p53, resulting in either senescence or cell death [632]. Here, we demonstrate 

the molecular interaction profile of MDM2 with (i) PPG-idasanutlin complex and (ii) the 

active inhibitor idasanutlin (free from PPG). 

 

7.3. Materials & Methods: 
 

7.3.1. Preparation of the MDM2 (Apo), MDM2-idasanutlin, and 
MDM2-idasanutlin+PPG systems: 
 

The 3-D structure of MDM2 bound to the TAD1 of p53 protein (PDB ID: 1YCR) was 

obtained from the RCSB PDB [633]. The structure was then visualized using the UCSF 

Chimera software v.1.13.1 [634] and the MDM2 protein from the MDM2-p53 complex 

was separated and was saved as a new file. The 3-D structure of idasanutlin (PubChem 

CID: 53358942), the inhibitor molecule, was procured from the PubChem server [635] in 

SDF file format and then PDB file format for the same was obtained using the open Babel 

online server [636]. The photo-protective group (PPG) was designed in the MolView 

online server [637] and then saved in mol format.  The mol format of PPG was then 

converted to pdb file format using the open Babel online server. Idasanutlin and PPG were 

then joined using the ArgusLab visualization software v.4.0.1 [638], followed by the 

energy optimization of the PPG-idasanutlin complex by the UFF (universal force field). 
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The complex was saved in mol format initially and then converted to pdb file format using 

the open Babel online server. 

The PatchDock web server [639] was used to prepare the MDM2-idasanutlin and 

MDM2-PPG-idasanutlin complexes. The geometric surface docking algorithm is the 

working principle of the PatchDock server. The unwanted models have been filtered out 

based on the clustering root-mean-square deviations (RMSD) [640] value of 1.5 Å. Ten 

model complexes of MDM2-idasanutlin and MDM2-PPG-idasanutlin have been  

obtained from the PatchDock web server.  Based on the highest surface area and the 

lowest atomic contact energy, the best docked model of the MDM2-idasanutlin and 

MDM2-PPG-idasanutlin complex were selected for the study. 

 

7.3.2. MD simulation of the MDM2 (Apo), MDM2-idasanutlin, and 
MDM2-idasanutlin-PPG systems: 
 

The MD simulation study on three systems: (i) MDM2 (Apo), (ii) MDM2-idasanutlin, 

and (iii) MDM2-idasanutlin-PPG was then performed using the Assisted Model Building 

with Energy Refinement (AMBER) 14 software package [641], where ff99SB force field 

[642] parameters were used for the protein part of the system, while the ligands 

(idasanutlin and PPG-idasanutlin) were treated with the generalized AMBER force field 

(GAFF) [643] parameters. The proportionate partial atomic charges of the ligands were 

fixed with the AM1-BCC function of the ANTECHAMBER module [644] of the 

AMBER14 software package. Using the xLEaP module, we have built the initial required 

coordinate and the topology files for all the three systems. Then the charges on each of 

these three systems have been neutralised by adding the counter-ions, followed by the 

solvation using three-site transferrable intermolecular potential (TIP3P) water molecules 

in a cubical box with a buffer size of 10 Å from the solute in x, y, and z-axis. 

Next, the solvated structures were subjected to the two-step energy minimization 

process (to remove bad contacts) that includes 500 steps of steepest descent (SD) method 

by holding the solute with restraint followed by another 500 steps of conjugate gradient 

(CG) method without any restraint on the solute. During the energy minimization, 8 Å 

was considered as the cut off for the non-bonded interactions. The heating dyanmics was 

carried out for all the systems to reach the temperature gradually from 0-300 K. The 
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generated ensemble was then subjected to equilibration for 100 ps using the NPT 

conditions (300 K  and 1 atm pressure). Then 40 ns MD production runs were carried out 

for all three systems. 

During the course of simulations, the  periodic boundary conditions (PBC) and 

other electrostatic interactions were maintained using the Particle Mesh Ewald (PME) 

method [645, 646] under isothermal and isobaric conditions, respectively. The 

temperature was controlled using Berendsen thermostat [647, 648] to restrain all the 

bonds. 

 

7.3.3. Analysis of the MD Trajectories of the three systems: 
 

The analysis of the MD trajectories for the three systems have been performed using the 

modules mentioned in section 4.3.3. 

Using the RMSD clustering algorithm, the lowest energy conformers for both the 

systems: (i) MDM2-idasanutlin and (ii) MDM2-PPG-idasanutlin were taken from the 

highly populated clusters. The lowest energy conformer were then submitted to the 

PDBsum server [649, 650] to study the interaction profile (residues involved in the 

interaction, atoms in residues involved in the interaction, types of bonds, bond lengths, 

etc.) between MDM2 and idasanutlin, as well as between MDM2 and PPG-idasanutlin. 

 

7.4. Results & Discussions: 

 

7.4.1. Density, temperature, pressure, potential energy, kinetic 

energy and total energy of the three systems: 

 

We have performed MD simulation on three systems: (i) MDM2 (Apo), (ii) MDM2-

idasanutlin, and (iii) MDM2-PPG-idasanutlin. To verify the accuracy of our NPT 

simulation algorithm, we have plotted the density, temperature, pressure, potential 

energy, kinetic energy and total energy of the corresponding three systems as a function 

of the simulation time period (as shown in Figure 7.1, 7.2, 7.3, and 7.4 respectively). 

From the plots, we can see all three systems have reached the desired temperature (300 

K), pressure (1 atm), and density (1 g cc-1).  
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Figure 7.1. Assessment of stability of MD parameters Density during the equilibration 

phases of MD simulation. 

 
Figure 7.2. Assessment of stability of MD parameters Temperature during the 

equilibration phases of MD simulation. 

 

Figure 7.3. Assessment of stability of MD parameters Pressure during the equilibration 

phases of MD simulation. 

 
Figure 7.4. Assessment of stability of MD parameters Energy during the equilibration 

phases of MD simulation. 
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7.4.2. Analysis of the conformational changes of the three systems: 

 

After equilibration, the three systems were subjected to MD simulation run for 40 

ns. During the 40 ns of simulation time, the three systems (MDM2 (Apo), MDM2-

idasanutlin, and MDM2-PPG-idasanutlin) have undergone rapid change in the 

conformations as shown in Figure 7.5, 7.6, and 7.7 respectively. 

 

Figure 7.5.  Conformations of MDM2 (Apo) at different time intervals of simulation. 

 
Figure 7.6. Conformations of MDM2-idasanutlin complex at different time intervals of 

simulation. 
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Figure 7.7. Conformations of MDM2-PPG-idasanutlin complex at different time intervals 

of simulation. 
 

 

7.4.3. RMSD, RMSF, Rg, and SASA analyses of the three systems: 
 

Various structural properties such as RMSD, RMSF, Rg, SASA, number of 

intramolecular and intermolecular hydrogen bonds, and the secondary structural elements 

were evaluated separately for the three systems. The RMSD graphs were plotted for Cα 

atoms of all three systems as shown in Figure 7.8a. For all the three systems, we observed 

RMSD oscillate rapidly till 10 ns of simulation time and then found settled for the rest of 

the simulation time. The average RMSD value of MDM2 (Apo), MDM2-idasanutlin and 

MDM2-PPG-idasanutlin were found to be 1.44 ± 0.25 Å, 1.41 ± 0.16 Å, and 1.35 ± 0.19 

Å, respectively. Among the three systems, the MDM2-idasanutlin complex was found to 

be more stable in comparison with MDM2 (Apo) and MDM2-PPG-idasanutlin. Then we 

determined the Residue flexibility in all the three systems using RMSF analysis. Figure 

7.8b shows the RMSF values for C-α atoms of the corresponding three systems. The 

average RMSF values of all the  C-α atoms was found to be 0.89 ± 0.42 Å, 0.83 ± 0.32 

Å, and 0.80 ± 0.31 Å for MDM2 (Apo), MDM2-idasanutlin, and MDM2-PPG-

idasanutlin, respectively. From the RMSF plot, we see fluctuation of C-α atoms in the 

MDM2 (Apo) state to be higher than in the MDM2-idasanutlin and MDM2-PPG-

idasanutlin states. Rg is another important geometrical parameter, which indicates the 
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compactness of a system over a period of simulation time. For a protein molecule to be 

stable, it should maintain its compactness in an optimal temperature and pressure 

conditions. The average Rg values for MDM2 (Apo), MDM2-idasanutlin and MDM2-

PPG-idasanutlin were found to be 13.04 ± 0.10 Å, 13.03 ± 0.07 Å, and 12.95 ± 0.08 Å, 

respectively. We see the size of MDM2 to maintain the same value even upon binding to 

idasanutlin and PPG-idasanutlin (Figure 7.8c). In addition to giving an overview of the 

behavior of residues in the solvent, the SASA is also responsible for determining the 

protein's stability. The SASA for MDM2 (Apo), MDM2-idasanutlin and MDM2-PPG-

idasanutlin were calculated to be 5777.98 ± 2000.05 Å2, 5808.40 ± 183.78 Å2, and 

5894.16 ± 183.20 Å2, respectively. From the SASA plot, we can infer that MDM2 has 

undergone subtle change in conformation upon binding with idasanutlin and PPG-

idasanutlin (Figure 7.8d). The average structural properties of MDM2 (Apo), MDM2-

idasanutlin complex, and MDM2-PPG-idasanutlin complex that were obtained from the 

analysis of their corresponding MD trajectories have been summarized in the Table 7.1. 

 

Figure 7.8. The structural characteristics (a) Root Mean Square Deviation (RMSD), (b) 

Root Mean Square Fluctuation (RMSF), (c) Radius of Gyration (Rg), and (d) Solvent 

Accessible Surface Area. 
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Table 7.1. Average properties of MDM2 (Apo), MDM2-idasanutlin, and MDM2-PPG-

idasanutlin throughout the MD simulation. 
Average Properties During Production 

 MDM2 (Apo) MDM2-idasanutlin MDM2-PPG-

idasanutlin 

RMSD 1.44 ± 0.25 1.41 ± 0.15 1.35 ± 0.19 

RMSF 0.89 ± 0.42 0.83 ± 0.32 0.79 ± 0.31 

Rg 13.04 ± 0.10 13.06 ± 0.07 12.95 ± 0.08 

SASA 5777.98 ± 2000.05 5808.40 ± 183.78 5894.16  183.20 

 

7.4.4. Hydrogen Bond Analyses of the three systems: 

 
Additionally, we also carried out the analysis of intra and inter-molecular hydrogen bonds 

(shown in Figure 7.9 and 7.10 respectively) present in the three systems. The number of 

hydrogen bonds was observed to be within the ideal range as proposed for the globular 

proteins. From the plot, we have calculated the average number of intramolecular 

hydrogen bonds in MDM2 (Apo), MDM2-idasanutlin and MDM2-PPG-idasanutlin and 

the values were found to be 35.70 ± 4.26, 35.40 ± 4.31, and 36.60 ± 4.29, respectively 

(Figure 7.9). Figure 7.10 represents the intermolecular hydrogen bond analysis in the 

case of (a) MDM2-idasanutlin complex, and (b) MDM2-PPG-idasanutlin complex. The 

average number of intermolecular hydrogen bonds in (a) MDM2-idasanutlin complex, 

and (b) MDM2-PPG-idasanutlin complex was found to be 2 and 4 respectively. Although 

the number of inter-molecular hydrogen bonds in MDM2-PPG-idasanutlin complex was 

observed to be more than in MDM2-idasanutlin complex, we noticed that idasanutlin free 

from PPG actually binds to the region where p53 binds. 

 

 

Figure 7.9. Intra-molecular hydrogen bond analysis of MDM2 in (a) MDM2 (Apo); (b) 

MDM2-idasanutlin complex; and (c) MDM2-PPG-idasanutlin complex. 
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Figure 7.10.  Inter-molecular hydrogen bond analysis of (a) MDM2-idasanutlin complex; 

and (b) MDM2-PPG-idasanutlin complex. 

 

 

7.4.5. Analysis of probable secondary structure per residue and DSSP 

analysis of the three systems: 

 
Then we carried out the analysis of the probable secondary structure that each residue of 

MDM2 can adopt in (i) MDM2 (Apo), (ii) MDM2-idasanutlin, and (iii) MDM2-PPG-

idasanutlin systems (Figure 7.11). From Figure 7.11, we infer that the structure of MDM2 

to have more helical content in the presence of active inhibitor idasanutlin. Then we 

performed the DSSP analysis using the Kabsch and Sander algorithm to investigate the 

changes in secondary structural elements in the MDM2 molecule (as shown in Figure 

7.12). From Figure 7.12, it can be observed that MDM2 (Apo), MDM2-idasanutlin 

complex and MDM2-PPG-idasanutlin complex show a noticeable difference in the 

number of turns and α-helices. We see more turns in MDM2 (Apo), followed by the 

MDM2-PPG-idasanutlin complex, and MDM2-idasanutlin complex. We also found the 

helical content to be higher in the MDM2-idasanutlin complex, followed by the MDM2-

PPG-idasanutlin complex, and MDM2 (Apo) (Figure 7.12). 
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Figure 7.11.  Probable Secondary structure score for MDM2 in (a) Apo, (b) complex 

with idasanutlin, and (c) complex with PPG-idasanutlin. 

 

 

 
Figure 7.12.  The evolution of secondary structure evaluated using DSSP is shown for 

MDM2 molecule in (a) Apo, (b) complex with idasanutlin, and (c) complex with PPG-

idasanutlin. 
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7.4.6. Determination of the interface interactions of the two 

complexes: 

 
From the PDBsum analysis of the MDM2-idasanutlin and MDM2-PPG-idasanutlin 

complexes, we have studied the protein-ligand interaction profiles (as shown in 

Supplementary Table 7.2 and Table 7.3). The MDM2-p53 interaction profile was 

obtained by uploading the experimentally determined 3-D structure of the MDM2-p53 

complex obtained from RSCB PDB (ID: 1YCR) in the PDBsum server (as shown in 

Figure 7.13). The interactions noticed in the MDM2-idasanutlin, MDM2-PPG-

idasanutlin and MDM2-p53 complexes were summarized in Table 7.4. 

From Table 7.4, we see almost the same set of MDM2 residues were involved in the 

interaction with p53 and idasanutlin. 

Table 7.2. List of atom-atom interactions across the MDM2-idasanutlin interface. 
Non-bonded contacts 

 

       <----- MDM2 ----->                  <----- IDASANUTLIN -----> 

 

       Atom Atom Res  Res             Atom Atom Res  Res 

        no. name name no.  Chain       no. name name no.         Distance 

  1.    233  C   LEU   54    A   ---    12  C   LIG    1           3.86 

  2.    234  O   LEU   54    A   ---     5  O   LIG    1           3.72 

  3.    234  O   LEU   54    A   ---    12  C   LIG    1           3.56 

  4.    234  O   LEU   54    A   ---    12  C   LIG    1           3.64 

  5.    235  CB  LEU   54    A   ---    12  C   LIG    1           3.79 

  6.    271  CA  GLY   58    A   ---     9  N   LIG    1           3.59 

  7.    301  CG2 ILE   61    A   ---     9  N   LIG    1           3.79 

  8.    302  CD1 ILE   61    A   ---    12  C   LIG    1           3.62 

  9.    302  CD1 ILE   61    A   ---    12  C   LIG    1           3.07 

 10.    308  CG  MET   62    A   ---     9  N   LIG    1           3.32 

 11.    308  CG  MET   62    A   ---    12  C   LIG    1           3.90 

 12.    309  SD  MET   62    A   ---     5  O   LIG    1           3.89 

 13.    309  SD  MET   62    A   ---     9  N   LIG    1           3.52 

 14.    309  SD  MET   62    A   ---    12  C   LIG    1           3.72 

 15.    310  CE  MET   62    A   ---     5  O   LIG    1           2.39 

 16.    310  CE  MET   62    A   ---     9  N   LIG    1           2.90 

 17.    310  CE  MET   62    A   ---     9  N   LIG    1           3.14 

 18.    310  CE  MET   62    A   ---    12  C   LIG    1           2.89 

 19.    310  CE  MET   62    A   ---    12  C   LIG    1           2.39 

 20.    350  CB  TYR   67    A   ---     9  N   LIG    1           3.74 

 21.    396  O   GLN   72    A   ---     9  N   LIG    1           3.85 

 22.    396  O   GLN   72    A   ---    12  C   LIG    1           3.39 

 23.    396  O   GLN   72    A   ---    12  C   LIG    1           3.77 

 24.    399  CD  GLN   72    A   ---    12  C   LIG    1           3.62 

 25.    400  OE1 GLN   72    A   ---    12  C   LIG    1           3.76 

 26.    400  OE1 GLN   72    A   ---    12  C   LIG    1           2.40 

 27.    403  CA  HIS   73    A   ---    12  C   LIG    1           3.88 

 28.    403  CA  HIS   73    A   ---    12  C   LIG    1           3.34 

 29.    406  CB  HIS   73    A   ---    12  C   LIG    1           3.61 

 30.    426  CG2 VAL   75    A   ---     9  N   LIG    1           3.82 

 31.    556  CA  VAL   93    A   ---     1 CL   LIG    1           3.81 
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 32.    558  O   VAL   93    A   ---     1 CL   LIG    1           3.58 

 33.    559  CB  VAL   93    A   ---     1 CL   LIG    1           3.23 

 34.    559  CB  VAL   93    A   ---     3  F   LIG    1           3.70 

 35.    559  CB  VAL   93    A   ---    12  C   LIG    1           3.63 

 36.    559  CB  VAL   93    A   ---    12  C   LIG    1           3.59 

 37.    559  CB  VAL   93    A   ---    12  C   LIG    1           3.57 

 38.    559  CB  VAL   93    A   ---    12  C   LIG    1           3.30 

 39.    560  CG1 VAL   93    A   ---     1 CL   LIG    1           3.83 

 40.    560  CG1 VAL   93    A   ---    12  C   LIG    1           3.89 

 41.    560  CG1 VAL   93    A   ---    12  C   LIG    1           3.49 

 42.    560  CG1 VAL   93    A   ---    12  C   LIG    1           3.49 

 43.    560  CG1 VAL   93    A   ---    12  C   LIG    1           3.23 

 44.    560  CG1 VAL   93    A   ---    12  C   LIG    1           3.80 

 45.    560  CG1 VAL   93    A   ---    12  C   LIG    1           3.41 

 46.    561  CG2 VAL   93    A   ---     1 CL   LIG    1           3.64 

 47.    561  CG2 VAL   93    A   ---     3  F   LIG    1           3.77 

 48.    561  CG2 VAL   93    A   ---    12  C   LIG    1           3.77 

 49.    561  CG2 VAL   93    A   ---    12  C   LIG    1           2.79 

 50.    561  CG2 VAL   93    A   ---    12  C   LIG    1           3.85 

 51.    561  CG2 VAL   93    A   ---    12  C   LIG    1           2.28 

 52.    561  CG2 VAL   93    A   ---    12  C   LIG    1           2.95 

 53.    567  CG  LYS   94    A   ---     1 CL   LIG    1           3.78 

 

Number of non-bonded contacts:    53 

 

 

Table 7.3. List of atom-atom interactions across the MDM2-PPG-idasanutlin interface. 
Non-bonded contacts 

 

       <----- MDM2 ----->                <----- PPG-IDASANUTLIN -----> 

 

       Atom Atom Res  Res             Atom Atom Res  Res 

        no. name name no.  Chain       no. name name no.         Distance 

  1.    232  CA  LEU   54    A   ---     8  F   LIG    1           3.68 

  2.    232  CA  LEU   54    A   ---    12  N   LIG    1           3.78 

  3.    233  C   LEU   54    A   ---    19  O   LIG    1           3.23 

  4.    234  O   LEU   54    A   ---     2  C   LIG    1           3.90 

  5.    234  O   LEU   54    A   ---     2  C   LIG    1           3.56 

  6.    234  O   LEU   54    A   ---    19  O   LIG    1           3.18 

  7.    234  O   LEU   54    A   ---     2  C   LIG    1           3.43 

  8.    234  O   LEU   54    A   ---    12  N   LIG    1           3.21 

  9.    235  CB  LEU   54    A   ---     2  C   LIG    1           3.83 

 10.    235  CB  LEU   54    A   ---     8  F   LIG    1           2.79 

 11.    235  CB  LEU   54    A   ---     2  C   LIG    1           3.73 

 12.    235  CB  LEU   54    A   ---    19  O   LIG    1           3.47 

 13.    236  CG  LEU   54    A   ---     2  C   LIG    1           3.72 

 14.    236  CG  LEU   54    A   ---     2  C   LIG    1           3.47 

 15.    236  CG  LEU   54    A   ---     8  F   LIG    1           2.36 

 16.    237  CD1 LEU   54    A   ---     2  C   LIG    1           3.09 

 17.    237  CD1 LEU   54    A   ---     2  C   LIG    1           2.88 

 18.    237  CD1 LEU   54    A   ---     2  C   LIG    1           3.01 

 19.    237  CD1 LEU   54    A   ---     2  C   LIG    1           3.43 

 20.    237  CD1 LEU   54    A   ---     2  C   LIG    1           3.76 

 21.    237  CD1 LEU   54    A   ---     2  C   LIG    1           3.34 

 22.    237  CD1 LEU   54    A   ---     8  F   LIG    1           2.76 

 23.    238  CD2 LEU   54    A   ---     1 CL   LIG    1           3.57 

 24.    238  CD2 LEU   54    A   ---     2  C   LIG    1           3.21 

 25.    238  CD2 LEU   54    A   ---     2  C   LIG    1           3.87 
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 26.    238  CD2 LEU   54    A   ---     2  C   LIG    1           2.80 

 27.    238  CD2 LEU   54    A   ---     8  F   LIG    1           1.53 

 28.    238  CD2 LEU   54    A   ---     2  C   LIG    1           3.64 

 29.    238  CD2 LEU   54    A   ---    12  N   LIG    1           3.75 

 30.    238  CD2 LEU   54    A   ---     2  C   LIG    1           3.87 

 31.    239  N   PHE   55    A   ---    19  O   LIG    1           3.36 

 32.    240  CA  PHE   55    A   ---    19  O   LIG    1           3.50 

 33.    242  O   PHE   55    A   ---     2  C   LIG    1           3.64 

 34.    242  O   PHE   55    A   ---     2  C   LIG    1           3.79 

 35.    244  CG  PHE   55    A   ---     2  C   LIG    1           3.78 

 36.    245  CD1 PHE   55    A   ---     2  C   LIG    1           3.89 

 37.    245  CD1 PHE   55    A   ---     2  C   LIG    1           3.13 

 38.    245  CD1 PHE   55    A   ---     2  C   LIG    1           2.48 

 39.    245  CD1 PHE   55    A   ---     2  C   LIG    1           2.62 

 40.    245  CD1 PHE   55    A   ---    19  O   LIG    1           2.93 

 41.    245  CD1 PHE   55    A   ---    19  O   LIG    1           3.34 

 42.    245  CD1 PHE   55    A   ---     2  C   LIG    1           2.82 

 43.    245  CD1 PHE   55    A   ---     2  C   LIG    1           3.67 

 44.    247  CE1 PHE   55    A   ---     2  C   LIG    1           3.29 

 45.    247  CE1 PHE   55    A   ---     2  C   LIG    1           2.60 

 46.    247  CE1 PHE   55    A   ---     2  C   LIG    1           1.96 

 47.    247  CE1 PHE   55    A   ---    19  O   LIG    1           2.26 

 48.    247  CE1 PHE   55    A   ---    19  O   LIG    1           2.33 

 49.    247  CE1 PHE   55    A   ---     2  C   LIG    1           3.04 

 50.    247  CE1 PHE   55    A   ---     2  C   LIG    1           3.39 

 51.    249  CZ  PHE   55    A   ---     2  C   LIG    1           3.14 

 52.    249  CZ  PHE   55    A   ---    19  O   LIG    1           3.28 

 53.    249  CZ  PHE   55    A   ---    19  O   LIG    1           3.07 

 54.    249  CZ  PHE   55    A   ---     2  C   LIG    1           3.24 

 55.    249  CZ  PHE   55    A   ---     2  C   LIG    1           3.84 

 56.    249  CZ  PHE   55    A   ---     2  C   LIG    1           3.88 

 57.    266  CB  LEU   57    A   ---    12  N   LIG    1           3.55 

 58.    267  CG  LEU   57    A   ---    12  N   LIG    1           3.62 

 59.    269  CD2 LEU   57    A   ---    12  N   LIG    1           3.82 

 60.    270  N   GLY   58    A   ---    12  N   LIG    1           3.70 

 61.    271  CA  GLY   58    A   ---     2  C   LIG    1           3.78 

 62.    280  CD  GLN   59    A   ---     2  C   LIG    1           3.71 

 63.    280  CD  GLN   59    A   ---    19  O   LIG    1           3.52 

 64.    280  CD  GLN   59    A   ---     2  C   LIG    1           3.38 

 65.    280  CD  GLN   59    A   ---     2  C   LIG    1           3.30 

 66.    280  CD  GLN   59    A   ---     2  C   LIG    1           3.05 

 67.    280  CD  GLN   59    A   ---     2  C   LIG    1           3.39 

 68.    280  CD  GLN   59    A   ---     2  C   LIG    1           3.88 

 69.    281  OE1 GLN   59    A   ---    19  O   LIG    1           3.81 

 70.    281  OE1 GLN   59    A   ---     2  C   LIG    1           2.83 

 71.    281  OE1 GLN   59    A   ---     2  C   LIG    1           3.16 

 72.    281  OE1 GLN   59    A   ---     2  C   LIG    1           3.21 

 73.    281  OE1 GLN   59    A   ---    19  O   LIG    1           2.78 

 74.    281  OE1 GLN   59    A   ---     2  C   LIG    1           2.22 

 75.    281  OE1 GLN   59    A   ---     2  C   LIG    1           2.36 

 76.    281  OE1 GLN   59    A   ---     2  C   LIG    1           3.08 

 77.    281  OE1 GLN   59    A   ---     2  C   LIG    1           3.59 

 78.    281  OE1 GLN   59    A   ---     2  C   LIG    1           3.57 

 79.    281  OE1 GLN   59    A   ---     2  C   LIG    1           2.94 

 80.    282  NE2 GLN   59    A   ---     2  C   LIG    1           3.43 

 81.    282  NE2 GLN   59    A   ---     2  C   LIG    1           2.72 

 82.    282  NE2 GLN   59    A   ---     2  C   LIG    1           3.77 

 83.    282  NE2 GLN   59    A   ---    19  O   LIG    1           3.19 
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 84.    282  NE2 GLN   59    A   ---     2  C   LIG    1           3.69 

 85.    282  NE2 GLN   59    A   ---     2  C   LIG    1           3.77 

 86.    282  NE2 GLN   59    A   ---     2  C   LIG    1           3.19 

 87.    282  NE2 GLN   59    A   ---     2  C   LIG    1           2.96 

 88.    282  NE2 GLN   59    A   ---     2  C   LIG    1           3.39 

 89.    302  CD1 ILE   61    A   ---     2  C   LIG    1           3.40 

 90.    305  C   MET   62    A   ---     2  C   LIG    1           3.80 

 91.    307  CB  MET   62    A   ---     2  C   LIG    1           3.76 

 92.    308  CG  MET   62    A   ---     2  C   LIG    1           3.85 

 93.    309  SD  MET   62    A   ---     2  C   LIG    1           3.25 

 94.    310  CE  MET   62    A   ---     2  C   LIG    1           3.58 

 95.    310  CE  MET   62    A   ---     2  C   LIG    1           3.79 

 96.    311  N   THR   63    A   ---     2  C   LIG    1           3.51 

 97.    312  CA  THR   63    A   ---     2  C   LIG    1           3.49 

 98.    316  OG1 THR   63    A   ---     2  C   LIG    1           3.16 

 99.    558  O   VAL   93    A   ---     2  C   LIG    1           3.80 

100.    558  O   VAL   93    A   ---     1 CL   LIG    1           3.58 

101.    559  CB  VAL   93    A   ---     2  C   LIG    1           3.69 

102.    560  CG1 VAL   93    A   ---     2  C   LIG    1           2.94 

103.    585  CG  HIS   96    A   ---     1 CL   LIG    1           3.09 

104.    586  ND1 HIS   96    A   ---     2  C   LIG    1           3.61 

105.    586  ND1 HIS   96    A   ---     1 CL   LIG    1           1.99 

106.    587  CD2 HIS   96    A   ---     1 CL   LIG    1           3.70 

107.    588  CE1 HIS   96    A   ---     2  C   LIG    1           3.84 

108.    588  CE1 HIS   96    A   ---     1 CL   LIG    1           2.20 

109.    589  NE2 HIS   96    A   ---     1 CL   LIG    1           3.26 

110.    616  CG2 ILE   99    A   ---     2  C   LIG    1           3.79 

111.    616  CG2 ILE   99    A   ---     2  C   LIG    1           3.68 

112.    616  CG2 ILE   99    A   ---     8  F   LIG    1           2.89 

 

Number of non-bonded contacts:   112 
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Figure 7.13.  MDM2 (Chain A)-p53 (Chain B) residues interaction profile. 

 

 

Table 7.4. Residues of MDM2 interacting with p53, idasanutlin, and PPG-idasanutlin. 
System MDM2 interacting residue numbers and residue names 

p53 with MDM2 

(PDB ID: 1YCR) 

25 (GLU), 26 (THR), 50 (MET), 51 (LYS), 54 (LEU), 58 (GLY), 61 

(ILE), 62 (MET), 72 (GLN), 73 (HIS), 75 (VAL), 93 (VAL), 94 (LYS), 96 

(HIS), 100 (TYR), 104 (TYR) 

Idasanutlin with 

MDM2 

54 (LEU), 58 (GLY), 61 (ILE), 62 (MET), 67 (TYR), 72 (GLN), 73 

(HIS), 75 (VAL), 93 (VAL), 94 (LYS) 

PPG-idasanutlin 

with MDM2 

54 (LEU), 55 (PHE), 57 (LEU), 58 (GLY), 59 (GLN), 61 (ILE), 62 

(MET), 63 (THR), 93 (VAL), 96 (HIS), 99 (ILE) 

Common MDM2 

interacting residues 

between p53 and 

Idasanutlin 

54 (LEU), 58 (GLY), 61 (ILE), 62 (MET), 72 (GLN), 73 (HIS), 75 

(VAL), 93 (VAL), 94 (LYS) 

Common MDM2 

interacting residues 

between p53 and PPG-

idasanutlin 

54 LEU), 58 (GLY), 61 (ILE), 62 (MET), 93 (VAL), 96 (HIS) 
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7.4.7. Visualization of the two complexes and the p53(TAD1)-

MDM2(NTD) complex (PDB ID: 1YCR): 
 

To have an apparent view on the binding of idasanutlin on MDM2, we have extracted the 

most stable conformer (using RMSD clustering method) from the corresponding 40 ns 

MD simulation trajectories of the two systems (i) MDM2-idasanutlin, and (ii) MDM2-

PPG idasanutlin. Using UCSF Chimera v 1.13.1, we have visualized the extracted stable 

conformer of MDM2-idasanutlin, and MDM2-PPG idasanutlin complexes, and also the 

MDM2-p53 complex (PDB ID: 1YCR) obtained from RCSB PDB. We have then super-

imposed the 3-D structure of MDM2-idasanutlin complex with MDM2-PPG-idasanutlin 

to see the differences in the binding pattern (Figure 7.14a). In addition, we also super-

imposed the 3-D structure of MDM2-idasanutlin complex with the MDM2-p53 complex 

to compare the binding pattern (Figure 7.14b).  

 
From Figure 7.14a, it can be observed that the aromatic rings of idasanutlin (red) fit 

perfectly into the binding cavity of MDM2. However, when idasanutlin is bound to the 

PPG (green), it undergoes probable conformational changes, for which the aromatic rings 

of idasanutlin cannot fit into the binding cavity of MDM2.  From Figure 7.14b, it can be 

clearly seen that idasanutlin (red) occupies the binding cavity of MDM2 in the same 

manner as p53 (blue). Thus, it can be inferred that idasanutlin can act as a potent inhibitor, 

and it has the ability to disrupt the p53-MDM2 interaction. 

 
  

 
Figure 7.14.  Binding of (a) idasanutlin (red) and PPG-idasanutlin (green); and (b) 

idasanutlin (red) and p53 (blue) in the binding cavity of MDM2. 
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7.5. Conclusion: 

 
Here in this study, we have demonstrated the molecular interactions between MDM2 and 

its photactivatable inhibitor. The active inhibitor, idasanutlin when it is free from PPG, 

fits properly into the binding cavity of MDM2. α-helices, which aid in the stability of a 

protein, are much abundant in the MDM2-idasanutlin complex than in the MDM2-PPG-

idasanutlin complex. Also from the interaction profiles of MDM2-p53, MDM2-

idasanutlin and MDM2-PPG-idasanutlin complexes, we noticed p53 and the active 

inhibitor, idasanutlin free from PPG, to interact with nearly the same residues in MDM2. 

Our findings in this study can be useful in designing more potent photoactivatable MDM2 

inhibitors improving the efficiency of cancer chemotherapy. 
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