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Development of nitric oxide releasing quinoline derivatives as inhibitors of doxorubicin 

resistance in cancer cells 

Protein ligand interactions of the chlorine containing acridones with calmodulin 

dependent cAMP – Phosphodiesterase (PDE1c) enzyme were studied by employing an 

efficient docking protocol, GLIDE XP. Initially, a theoretically built digitalized structure of 

the protein PDE1C was retrieved from the protein databank with PDB ID: 1LXS. Structure 

of the protein was corrected by adding hydrogens to satisfy the valence and optimized by 

using OPLS-2005 force field (optimized potentials for liquid simulations). Binding pockets 

were identified by using the SITEMAP tool.Receptor grid generation was accomplished 

using Glide docking protocol and ligands were docked by employing XP mode of Glide. Best 

pose of each ligand was ranked according to the E-model energy.The docking score from 

Glide (Glide Score) is entirely based on Chem Score. It also includes a steric-clash term, 

adds polar terms featured by Schrodinger to correct electrostatic mismatches. 

GScore = 0.065 x Van der Waals energy + 0.130 x Coulomb energy + Lipophilic term 

(Hydrophobic interactions) + H bonding + Metal binding + BuryP (Penalty for buried polar 

groups) + RotB (Penalty for freezing rotatable bonds) + Site (Polar interactions in the active 

site)   

  



Table 1: Structures and Docking result 

Compound Structure Dock Score 
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Table 2: Molecular Properties 

Molecule MW Dipole SASA FOSA FISA PISA WPSA Volume 

31 458.86 11.039 658.349 70.563 157.026 359.325 71.436 1230.942 

27 424.415 8.66 629.351 77.161 151.305 400.884 0 1183.541 

22 415.835 6.198 656.94 79.116 122.556 383.686 71.582 1176.015 

15 520.931 6.794 747.129 0 152.374 536.597 58.158 1423.571 

13 492.92 9.201 707.719 0 123.415 512.658 71.646 1337.1 

7 500.512 7.376 767.625 88.161 150.923 528.54 0 1450.461 

34 415.835 6.487 650.65 47.848 111.776 430.403 60.623 1168.089 

2 443.461 7.605 728.319 0 97.518 630.801 0 1310.486 

5 472.502 7.522 732.85 82.362 123.984 526.504 0 1361.525 

30 415.835 6.966 663.243 76.295 110.553 407.046 69.348 1180.372 

17 448.437 7.167 721.472 0 129.216 592.256 0 1295.234 

1 458.475 6.013 723.914 0 108.808 615.106 0 1335.377 

25 396.404 6.763 671.211 73.812 153.163 444.236 0 1214.115 

29 430.849 6.856 675.721 73.187 155.319 408.472 38.741 1227.895 

23 458.86 7.6 651.175 77.096 164.548 350.14 59.391 1222.537 

26 381.39 6.457 644.47 76.561 109.386 458.523 0 1139.713 

21 430.849 4.657 669.92 57.369 131.282 409.689 71.58 1207.827 

6 457.487 6.821 732.655 88.049 121.623 522.983 0 1349.379 

18 433.422 5.903 681.657 0 113.21 568.447 0 1246.227 

35 458.86 8.331 680.817 45.996 161.111 411.045 62.665 1230.239 

9 506.947 9.143 689.689 56.737 124.562 436.846 71.543 1338.67 

Recommended range: MW – molecular weight (130-725), dipole (1-12.5), SASA- solvent 

accessible surface area (300-1000), FOSA – hydrophobic component of SASA (0-750), FISA – 

hydrophilic component of SASA (7-330), PISA -π (carbon and attached hydrogen) component of 

the SASA (0.0 – 450.0),  WPSA - Weakly polar component of the SASA (halogens, P, and S) 

(0.0 – 175.0),volume (500-2000). 

 

 

 

 

 

 

 

 



Table 3:Predicted Pharmacokinetic (ADME) profiles of compounds 
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31 -1 3.628 -5.438 -4.4 240.341 

-

0.792 356.954 

-

3.052 0.356 90.802 

27 -1 3.135 -4.549 -4.338 268.094 

-

0.861 165.928 -2.8 0.218 88.761 

22 0 4.163 -5.936 -6.271 681.864 

-
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-
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25 -2 3.537 -5.479 -6.563 349.506 

-

1.076 158.81 

-

2.585 0.424 93.178 
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-
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-
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21 0 3.88 -5.767 -6.419 563.58 
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18 0 4.386 -5.83 -7.13 836.237 - 407.753 - 0.588 100 



0.615 1.507 

35 -1 3.622 -5.96 -5.102 236.863 

-

0.958 290.196 

-

2.945 0.354 90.655 

9 0 4.806 -5.965 -6.015 652.642 

-

0.587 769.041 

-

1.988 0.737 92.504 

Recommended range: CNS Predicted central nervous system activity on a –2 (inactive) to +2 

(active) scale; QPlogPo/w: Predicted octanol/water partition coefficient ( –2.0 - 6.5); QPlogS: 

Predicted aqueous solubility (-6.5 – 0.5); QPlogHERG: Predicted IC50 value for blockage of 

HERG K+ channels (below -5); QPPCaco: Predicted apparent Caco-2 cell permeability in 

nm/sec. Caco- 2 cells are a model for the gut-blood barrier (<25: poor, >500: great); QPlogBB: 

Predicted brain/blood partition coefficient (-3 – 1.2); QPPMDCK: Predicted apparent MDCK 

cell permeability in nm/sec. MDCK cells are considered to be a good mimic for the blood-brain 

barrier (<25: poor, >500: great); QPlogKp: Predicted skin permeability, log Kp (–8.0 – –1.0); 

QPlogKhsa: Prediction of binding to human serum albumin (–1.5 – 1.5); %Human- Oral 

Absorption (>80% is high, <25% is poor). 

 

 

 

 

 

 

 

 

 

 

 



Table 4: Binding energy predictions using MMGBSA calculations 

Compound 

Prime MMGBSA 

Ligand Energy 

Prime 

MMGBSA 

Receptor 

Energy 

Prime 

MMGBSA 

Complex 

Energy 

Prime 

MMGBSA 

DG bind 

31 10.614942 -12400.48218 -12461.73689 -71.869657 

27 31.020423 -12400.48218 -12436.37635 -66.914599 

22 26.875696 -12400.48218 -12417.01052 -43.404036 

15 24.361114 -12400.48218 -12438.3363 -62.215234 

13 12.897055 -12400.48218 -12457.31489 -69.729772 

7 35.067764 -12400.48218 -12418.86285 -53.44844 

34 29.497186 -12400.48218 -12429.6953 -58.710309 

2 44.695166 -12400.48218 -12422.17456 -66.387554 

5 19.412305 -12400.48218 -12437.80588 -56.736014 

30 17.752203 -12400.48218 -12450.17266 -67.442686 

17 21.947572 -12400.48218 -12431.30236 -52.767752 

1 22.618603 -12400.48218 -12441.6908 -63.827227 

25 12.295664 -12400.48218 -12436.40754 -48.221029 

29 -7.729278 -12400.48218 -12461.50121 -53.289759 

23 18.010575 -12400.48218 -12445.86514 -63.39354 

26 38.163555 -12400.48218 -12417.89096 -55.572336 

21 -4.800136 -12400.48218 -12470.05472 -64.772412 

6 36.72764 -12400.48218 -12389.21948 -25.464948 

18 40.025004 -12400.48218 -12398.78225 -38.325076 

35 25.292569 -12400.48218 -12403.00388 -27.814275 

9 10.790788 -12400.48218 -12437.26277 -47.57138 

 

The Prime MM-GBSA approach is used to predict the free energy of binding for a receptor anda 

set of ligands. MM-GBSA is an acronym for a method that combines OPLS molecularmechanics 

energies (EMM), an SGB solvation model for polar solvation (GSGB), and a nonpolarsolvation 

term (GNP) composed of the nonpolar solvent accessible surface area and van derWaals 

interactions. The total free energy of binding is then expressed as: 

∆Gbind =Gcomplex – ( Gprotein + Gligand ) 

where 

G = EMM + GSGB + GNP 

The ligand in the unbound state is minimized in SGB solvent but is not otherwise sampled. Inthe 

calculation of the complex, the ligand is minimized in the context of the receptor. Theprotein is 

currently held fixed in all calculations. The following descriptors generated by thePrime MM-

GBSA approach: 



MM-GBSA_DG_bind: Ligand binding energy, ∆Gbind 

MM-GBSA_E_complex: Energy of the complex, Gcomplex 

MM-GBSA_E_protein: Energy of the receptor without the ligand, Gprotein 

MM-GBSA_E_ligand: Energy of the unbound ligand, Gligand 

 

  



Table 5: Embrase calculations for ligand binding energy 

Compound 

MBAE Complex 

Total Energy-

OPLS-2005 

MBAE Rec 

Total Energy-

OPLS-2005 

MBAE Lig 

Total Energy-

OPLS-2005 

MBAE Del 

Total 

Energy-

OPLS-2005 

31 -4464.179668 -4365.702312 93.740479 -192.217834 

27 -4363.533169 -4365.702312 176.034424 -173.86528 

22 -4453.182247 -4365.702312 149.049454 -236.529388 

15 -4465.980438 -4365.702312 155.900314 -256.17844 

13 -4486.879223 -4365.702312 70.90551 -192.08242 

7 -4442.784595 -4365.702312 193.26413 -270.346413 

34 -4412.546429 -4365.702312 166.637756 -213.481873 

2 -4328.60968 -4365.702312 218.52951 -181.436878 

5 -4477.749912 -4365.702312 97.529282 -209.576881 

30 -4387.141613 -4365.702312 109.180939 -130.620239 

17 -4420.547894 -4365.702312 110.716797 -165.562378 

1 -4470.624641 -4365.702312 98.782898 -203.705227 

25 -4580.207062 -4365.702312 50.148129 -264.652878 

29 -4675.097286 -4365.702312 -26.948503 -282.44647 

23 -4449.573925 -4365.702312 130.186203 -214.057816 

26 -4316.43198 -4365.702312 193.465561 -144.195229 

21 -4694.094612 -4365.702312 -12.645243 -315.747057 

6 -4308.456825 -4365.702312 209.598465 -152.352978 

18 -4363.897919 -4365.702312 178.150131 -176.345737 

35 -4335.764233 -4365.702312 162.9133 -132.97522 

9 -4540.806538 -4365.702312 58.089577 -233.193802 

 

Embrace calculates ligand-receptor binding energies by molecular mechanics energy 

minimization of the complex and the separated receptor and ligand, with or without continuum 

solvation. The Embrace calculation is run in energy difference mode. The following descriptors 

aregenerated from the calculation: 

Embrace_Total_Energy_without_constraints: Ligand binding energy 

Embrace_Valence_Energy: Valence energy difference 

Embrace_vdW_Energy: van der Waals energy difference 

Embrace_Electrostatic_Energy: Coulomb energy difference 

Embrace_Solvation_Energy: Solvation energy difference 

Embrace_Constraint_Energy: Constraint energy difference 



Figure 1: site map calculations for the protein 1LXS. 

 

 Site map calculation identifies the possible receptor pockets along with their area and 

volumes. 

 Site map is useful for binding site characterization and also in SBDD. 

 Red colour: hydrogen bond acceptor region (high conc of oxygen) 

 Blue color: hydrogen bond donor region (high conc of nitrogen) 

 Yellow colour: hydrophobic region. 

  



Figure 2: 1LXS Grid position for docking 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Magenta colour cube represents the grid established for docking.  

 Ligands with maximum of 20Å can fit into the grid. 

 

  



Figure 3: protein ligand interactions of the docked PDE1c enzyme and ligand 31 complex. 

 

 1 hydrogen bond with Histidine 66 with a bond length of 2.132 Å 

 Hydrogen bond is represented in yellow dotted lines. 

 Magnified image shows the ligand conformational fitting into the receptor pocket. 

 

 

  



Figure 4: Docking conformations of compound 27 and 22. 

 

 Compound 27, and 22 interact with Histidine 66 residue of protein at hydrogen bond 

distance of 2.269Å and 2.107 Å respectively. 

 

 

 

 

 

 





























 

 





 

 




























