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minimization technique, and the results will
be dependent onthestartinggeometriesaf the
initial set of molecules. Both have the advan-
tage that the unique constraints imposed by
particular moleculesenter consideration at an
early stage and minimize comparison of
conformations.

Another variant recently reported by
Hodgkinet a. (440) usesaMonteCarlo search
procedure to generate candidate pharmaco-
phoric patterns. A reduced force-field parame-
ter setisusedinitially tolower energy barriers
between conformationsto ensure greater con-
figurational sampling. Candidate pharma-
cophores are then refined to produce low en-
ergy conformations of moleculesoverlaidin a
common binding mode. Application to antag-
onists of the human platel et-activating factor
led to a consistent binding model for a set of
fivediversestructureswhen active-site hydro-
gen-bonding groups were postul ated. Barakat
and Dean (441, 442) utilized simulated an-
nealing to optimize structure matching by
minimizingthedifferencematrix between the
two molecules. A somewhat similar approach
Is that of Perkins and Dean (443), who used
simulated annealingto search conformational
space followed by cluster analysis for each
molecule, with subsequent comparison of a
small number of diverse conformers between
different molecules.

4.4.2 Systematic Search and the Active An-
alog Approach. Once the existence of a com-
mon pattern has been determined, then the
Issuedf uniqueness needsto beaddressed. The
Active Analog Approach (398) uses a system-
atic search to generate the set of sterically al-
lowed conformations based on agrid search of
the torsional variables at a given angular in-
crement. For each sterically alowed confor-
mation, aset of distances between the postu-
lated pharmacophoric groups are measured.
The set of distances, each of which represents
a unigue pharmacophoric pattern, constitutes
an OMAP. Each point of theOMAPissimplya
submatrix of thedistance matrix and, assuch,
iIsinvariant to global translation and rotation
of the molecule. If the initial assumption is
valid, that the same binding mode of interac-
tion, or pharmacophoric pattern, is common
to the set of molecules under consideration,
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then the OMAPfor each active molecule must
containthepattern encryptedintheset of dis
tances. By logicaly intersecting the set o
OMAPs, one can determine which patterns
are common to al molecules (444). In other
words, al potential pharmacophoric patterns
consistent with the activity of the set of mole-
cules can be found by this simple manipula
tion of OMAPs, and the question o unique-
ness addressed directly (Fig. 3.44).

A good exampleisthework of Nelsonet al.
(445) on the receptor-bound conformation of
morphiceptin. Based on structure-activity
data, the tyramine portion and phenyl ring of
residue three of morphiceptin, Tyr-Pro-Phe-
Pro-NH,, were postulated to be the pharma-
cophoric groups responsible for recognition
and activation of the opioid preceptor. It was
assumed further that the aromatic rings
bound to the receptor inthedifferent analogs
were coincident and coplanar. A series of ac-
tiveanalogswithavariety of conformationally
constrained amino acid analogs in positions
twoand threewereanalyzed. Aunique confor-
mation was found for the two most con-
strained analogs that alowed overlap of the
Phe and Tyr portions of the molecules (Fig.
3.45). In thiscase, afive-dimensionad orienta-
tion map with distances between the nitrogen
and normals to the two aromatic rings was
used intheanalysis.

The Active Analog Approach (Fig. 3.46) is
appropriate for the unknown receptor prob-
lem, given that no objective criteria function,
such as'potential energy, can beused apriori
in the absence of information regarding the
receptor. Adequate sampling of the potential
surfacetoensurethat the completeset of local
minimaisfoundisstill problematic becauseof
the phenomenon known as "grid tyranny."
Thisrelatestothefact that the combinatorial
explosionthat results by decreasing theincre-
ment of thetorsion angles scanned limitsone
to afiniteincrement for agiven problem, say,
10° for a seven-rotatable bond problem. Be-
causetheenergeticsd thesystem isvery sen-
sitivetointeratomicdistances, aconformation
generated at the 10" increment may be steri-
cally disallowed, but very closeto a minimum.
Relaxation of the structure might find the
relevant conformation, for example, by al-
lowing a torsional angle to vary by 1°. Im-





