3 Known Receptors

tions o parameters and essential for charge
approximations, a detailed analysis indicates
that in vacuo calculations neglect many-body
effectsand can be mideading. A mgjor effort
by Hehre (personal communication) to derive
parametersfor water from extensiveab initio
cdculationswith largebasissetsfailed evento
gve a parameter set that reproduced the ra-
did distribution for bulk water. Parameters
derived from relevant experimental data in
condensed phase (especialyif availableinthe
solvent of theoretical interest) are generally
more capable of accurately predicting results
because the many-body effects are implicitly
included in the parameterization. The basic
assumptionisthat these "effective' two-body
potentials implicitly incorporate many-body
Interactionenergies.

Jorgensen has parameterized by fitting
propertiesaf bulk liquidsto Monte Carlo sim-
ulations to give the AMBER/OPLS forcefield
(26,157, 158). Conceptually, oneis attracted
by theused liquidsand their observableprop-
ertiesasconstraintsduringthederivation of a
forcefield that isdestined to study the proper-
tiesd solvated molecules.

2.2.3 Modeling Chemical Reactions and De-
sgn of Transition-State Inhibitors. In cases,
such as enzyme reactions, where chemica
transformations occur, guantum chemical
methods must be used to deal with electronic
changes in hybridization and bond cleavage
(159, 160). Hybrid applications (161-163) in
which the reaction core is modeled quantum
mechanicadly and the rest by molecular me-
chanicswould appear aviableoption. Alterna-
tively, thegeometry of thetransition state has
been modeled by molecular mechanics, with
forceconstants derived from abinitio calcula
tionsthat predict with amazing accuracy the
relative selectivity of reactions. Andrews and
coworkers (164) pioneered modelingd transi-
tion states (165) of enzymatic reactionsto de-
dggn transition-state inhibitors.

3 KNOWN RECEPTORS

A significant challenge is the design of nove
ligands for therapeutic targets in which the
three-dimensional structure has been deter-
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mined by either X-ray crystallography or
NMR (12,13, 166). The availability of the co-
ordinates of all the atoms of the target sug-
gests use of modeling of the site and interac-
tion with prospective ligands. Qualitative
information can be discerned by simple exam-
ination of complexesby the use of molecular
graphics and improvement of known ligands
made by searchingfor accessory bindinginter-
actions through ligand modification. This ap-
proach was pioneered by groups at Wellcome
Research Laboratories (167-169)in designing
analogs of 2,3-diphosphorylglycerate (Fig.
3.13), to modul ate oxygen binding to hemoglo-
bin, and at Burroughs-Wellcome(170), to en-
hance affinity o dihydrofolate reductase
(DHFR) antagonists. When used in an itera
tive fashion, novel compoundswith improved
affinity result (166, 171, 172). Quantification
of interactions and design of novel ligandsre-
quire application of molecular and statistical
mechanics to quantify the enthalpy and en-
tropy o binding. In other words, experimental
measurementsreflect free energiesd binding
and both enthal pic and entropic contributions
must be estimated for prediction of affinities
as part of the design process. When combined
with combinatorial chemistry and high
throughput screening, rapid identification of
therapeutic candidates is feasible, as wit-
nessed in the case o factor Xa antagonists
(173) or TAR RNA inhibitors as possible HIV
drugs (174).

3.1 Definition of Site

The availability of three-dimensional struc-
tural information on a potential therapeutic
target doesnot guaranteeidentificationaof the
siteof action of thesubstrate, or inhibitor, un-
less the structure of a relevant complex has
been determined. In fact, conformational
changes often occur during binding of ligands
to enzymesthat are not reflected in the three-
dimensional structureadf theenzymealone. I1-
lustrative examples are the mgjor conforma-
tional changesseen (175,176)in HIV protease
on binding the inhibitor MVT-101 (Fig. 3.14)
and the changes in domain orientation ob-
served (177) in the complex o an anti-HIV
peptide antibody with the peptide. Until the
two B-strand flapshavebeenfoldedin, to com-
plete the active site of HIV protease, many o





