Strategy for de novo computational Drug Design of HIV-1 PR inhibitorsF. Lebon, *C. Vinals, F. DurantLaboratoire de Chimie Mol�culaire Structurale, *Laboratoire de Biologie QuantitativeFacult�s Universitaires Notre-Dame de la Paix, 61 rue de Bruxelles, Namur, BelgiumExtensive work on the protease of HIV-1 has been conducted to synthesizebioavailable and low molecular weight inhibitors1,2.In this work, we propose a new strategy to design non peptide low molecular weightHIV-1 PR inhibitors and to evaluate in a first approximation their in vitro affinity.We believe that this original method could lead to the design of new candidates invarious receptor/inhibitor systems.Our strategy started with the analysis of the interactions between existing co-crystals of HIV-1 PR and several peptidic inhibitors. These led to the generation of ageneral but simple pharmacophore (I) in which we included the water molecule (Y)that is essential for the binding of the inhibitor in the active site3-5.

5 . 0 - 6 . 0 A�A5 . 0 - 6 . 0 A�2.5-3.0 HOOHYP2P ’ 2P1P ’ 1(I)Y= proton acceptorP1, P’1, P2, P’2 = hydrophobic groupsThe minimal elements necessary to observe inhibition (scheme (I), in bold)were submitted to the Cambridge Structural Database for a geometric search (CSDQuest 3D algorithm)6. Molecules like sugars, hetero five-membered cycles as well asmore constrained compounds emerged from this search, which suggest that all thesesmall fragments could be used as a start for the design of new HIV-1 PR inhibitors.Interaction energies were then evaluated in order to differentiate candidatestructures. The potential energy of interaction ( equation II) chosen is the simpleLennard-Jones function and the Coulombic representation of the electrostaticinteractions.+e rijqi qj2126_r*rrr*e�[II]We established a relationship between the potential energy of interaction betweenreceptor and ligands and their affinity in vitro. This simple method of interaction hasbeen performed previously among acyclic peptidomimetic inhibitors7.We have extended this work to a variety of known inhibitors of very differentchemical nature. The following table summarizes theoretical energies of interactionas well as the affinity in vitro (Ki).

InhibitorsKiTOTAL(kcal/mol)VdW(kcal/mol)Cb(kcal/mol)A7700384pM-184,28-109,94-74,34U85548E<1nM-180,81-86,40-94,41U 7 5 8 7 5 <1nM-170,52-106,94-63,58L700,4170,67nM-162,84-106,81-56,04A747043nM-153,08-108,83-44,24UCSF815mM-67,86-45,66-22,21All these results give us preliminary conclusions about the binding of theinhibitors to the enzyme, where the most potent inhibitor has the highest total energyof interaction. Furthermore, the analysis of the VdW energies gives an idea of thebest functional groups needed to fit the different hydrophobic pockets. From thisinformation, we have constructed new inhibitors.From the CSD search, small important fragments were then docked inside theactive site. The interaction with the enzyme was optimized through molecularmechanics (energy minimization using steepest descent followed by conjugategradients algorythms until the maximum derivative < 1kcal/mol/� and DE <1kcal/mol, forcefield cvff)8 : the residues forming the active site were allowed tomove freely while the residues next to the active site were constrained. The rest ofthe enzyme was fixed during the minimization.The functional groups necessary to compensate the hydrophobic pockets werebranched to the core of the inhibitor in order to get the best potential energy ofinteraction.Based on this new strategy, we succeeded in designing new de novoinhibitors with a theoretical affinity of 10-9 M. We are in the process of synthesizingthese most promising molecules in order to evaluate their affinity for HIV-1 PR andverify our strategy.References(1) Abdelmeguid, S. S.; Metcalf, B. W.; Carr, T. J.; Demarsh, P.; Desjarlais, R. L.; Fisher, S.;Green, D. W.; Ivanoff, L.; Lambert, D. M.; Murthy, K. H. M.; Petteway, S. R.; Pitts, W. J.;Tomaszek, T. A.; Winborne, E.; Zhao, B. G.; Dreyer, G. B.; Meek, T. D. Biochemistry 1994, 33,11671-11677.(2) Kim, E. E.; Baker, C. T.; Dwyer, M. D.; Murcko, M. A.; Rao, B. G.; Tung, R. D.; Navia, M.A. J Am Chem Soc 1995, 117, 1181-1182.(3) Rich, D. R. J. Med. Chem. 1985, 28, 263-273.(4) Randad, R. S.; Pan, W. X.; Gulnik, S. V.; Burt, S.; Erickson, J. W. Bioorg Medicinal ChemLetter 1994, 4, 1247-1252.(5) Lam, P. Y. S.; Jadhav, P. K.; Eyermann, C. J.; Hodge, C. N.; Ru, Y.; Bacheler, L. T.; Meek,J. L.; Otto, M. J.; Rayner, M. M.; Wong, Y. N.; Chang, C. H.; Weber, P. C.; Jackson, D. A.;Sharpe, T. R.; Erickson-Viitanen, S. Science 1994, 263, 380-384.(6) CSD, version 5.9, 1995(7) Holloway, M. K.; Wai, J. M.; Halgren, T. A.; Fitzgerald, P. M. D.; Vacca, J. P.; Dorsey, B.D.; Levin, R. B.; Thompson, W. J.; Chen, L. J.; Desolms, S. J.; Gaffin, N.; Ghosh, A. K.;Giuliani, E. A.; Graham, S. L.; Guare, J. P.; Hungate, R. W.; Lyle, T. A.; Sanders, W. M.;Tucker, T. J.; Wiggins, M.; Wiscount, C. M.; Woltersdorf, O. W.; Young, S. D.; Darke, P. L.;Zugay, J. A. J Med Chem 1995, 38, 305-317.(8)InsightII User Guide, version 2.1.0. San Diego : Technologies, B., 1992

Strategy for de novo computational Drug Design of HIV-1 PRinhibitorsF. Lebon, *C. Vinals, F. DurantLaboratoire de Chimie Mol�culaire Structurale, *Laboratoire de Biologie QuantitativeFacult�s Universitaires Notre-Dame de la Paix, 61 rue de Bruxelles, Namur, BelgiumWe propose a new strategy to design non peptide low molecular weight HIV-1 PRinhibitors and to evaluate in a first approximation their in vitro affinity. Our strategystarted with the generation of a general but simple pharmacophore, which was submittedto the Cambridge Structural Database (CSD). Small fragments emerged from this searchwhich could be used as a start for the design of new HIV-1 PR inhibitors. Interactionenergies were then evaluated in order to differentiate the candidate structures. Arelationship was established between the potential energy of interaction between receptorand known inhibitors and their in vitro affinity. The most interesting fragments from theCSD search were then docked inside the active site. The interaction with the enzyme wasoptimized through molecular mechanics. Functional groups necessary to compensate thehydrophobic pockets were branched to the core of the inhibitor in order to get the bestpotential energy of interaction. Based on this new strategy, we succeeded in designingnew de novo inhibitors with a theoretical affinity of 10-9 M.