Copyright Warning & Restrictions

The copyright law of the United States (Title 17, United
States Code) governs the making of photocopies or other
reproductions of copyrighted material.

Under certain conditions specified in the law, libraries and
archives are authorized to furnish a photocopy or other
reproduction. One of these specified conditions is that the
photocopy or reproduction is not to be “used for any
purpose other than private study, scholarship, or research.”
If a, user makes a request for, or later uses, a photocopy or
reproduction for purposes in excess of “fair use” that user
may be liable for copyright infringement,

This institution reserves the right to refuse to accept a
copying order if, in its judgment, fulfillment of the order
would involve violation of copyright law.

Please Note: The author retains the copyright while the
New Jersey Institute of Technology reserves the right to
distribute this thesis or dissertation

Printing note: If you do not wish to print this page, then select
“Pages from: first page # to: last page #” on the print dialog screen












13

Connection

Figure 8: A cartoon structure of the p66 and p51 subunits of HIV-1 RT with
anatomical subdomains. Notice the predominant DNA binding cleft in the p66
subunit which is absent in p51 [14].
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Figure 9: S{)ace filling rendition of recently solved X-rasy crystal structure of
HIV-1 RT [15]. The colored portions are pb66 (cyan), p5S1 (magenta), dsDNA
(yellow), and thymidine sustrate in vicinity of receptor site (white).






CHAPTER 2
METHODOLOGY

2.1 Active Analog Approach to Receptor Mapping
The active analog approach to receptor mapping is dependent upon the existence
of a common pharmacophore for a series of compounds demonstrating
competitive biological activity at the same protein. A pharmacophore is defined
as the atoms or groups whose three dimensional spatial orientation is required
for recognition by a given protein. It includes both the atoms and their three
dimensional positions with respect to one and other.

The active analog approach provides an indirect way of describing a
proteins receptor site based upon structural information associated with ligand
molecules. In the absence of well resolved crystallographic data related to a
protein of interest (as was the case with RT until recently[15]) this method
provides a means of inferring a protein's three dimensional receptor features.
The two premises upon which this approach is based are: 1) a common
pharmacophore exists for a series of compounds which demonstrate competitive
activity at the same receptor site and 2) the generation of all the sterically
allowed conformations a molecule can assume will produce at least one that is
bioactive, 1.e. which presents a pharmacophore for which a receptor of
appropriate size and shape exists in the protein of interest. From this
perspective, the task of pharmacophore identification is that of generating the
sterically allowed conformations for a series of active compounds and then

analyzing them for common atomic spatial arrangements.
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2.1.1 Receptor Mapping

The active analog approach presumes that any compound demonstrating the
slightest activity at a given protein is capable of presenting the pharmacophore,
which accounts for its recognition by the enzyme. From a structural perspective,
highly active compounds are seen as presenting volumes complementary to the
receptor cavity (see Figure 10A). While, poor activity or inactivity is seen as
due to the presentation of accessory volumes, which occupy areas that conflict
with protein volume at the receptor site, or an inability to present the required
pharmacophoric pattern (see figure 10B).

The union of the active analog volumes superimposed along the
pharamcophore is referred to as an enzyme excluded volume. It represents the
minimum volume availability at the receptor site (see Figure 11A). The union
volume of all inactive analogs superimposed along the pharmacophore contains
regions that hypothetically conflict with protein volume at the receptor, a
receptor essential volume (see Figure 11B). The intersection of the enzyme
excluded and receptor essential volumes represents the volume associated with
the inactive compounds that is in common with the enzyme excluded volume

and, therefore, within the boundaries of the receptor site (see Figure 11C).

(A) (B)
Figure 10: Example of active (A) and inactive (B) analogs at the same receptor
site.
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Figure 11: Receptor map example. Enzyme excluded volume is the net volume
occupied by active analogs and, consequently, must be available at the receptor
site. Receptor essential volume is the net volume occupied by inactive analogs
which contains regions in conflict with enzyme volume at the receptor site.
Intersection volume is the portion of the receptor essential volume within the
receptor site, i.e.. not conflicting with enzyme volume at the receptor. The
receptor map is the cavity produced by subtracting the intersection volume from
the receptor essential volume. It represents the specific regions of volume excess
in the inactive compounds which conflicts with protein volume at the receptor. It
is, thus, an indirect map of the critical regions in the receptor site.

Subtraction of the intersection volume from the receptor essential volume
provides a three dimensional cavity which constitutes a receptor map (see Figure
11D). This is the net volume of the inactive analogs that is outside of the
receptor cavity and, consequently, which conflicts with protein volume at the

receptor site.
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2.1.2 Systematic Conformational Search

The systematic conformational search [22] is a tool for the investigation of the
conformational space available to a compound via the rotation of flexible bonds
(see Figure 12). It allows the definition of flexible bonds and their associated
torsion angles, which when varied, result in the generation of the sterically
allowed conformations that a compound can assume. The search algorithm
checks the van der Waals contacts amongst non-bonded atoms, while scanning
all possible combinations of torsional angle values. Only those conformations
without van der Waals overlap between non-bonded atoms are acceptable. The
search algorithm also provides a means of conformational discrimination based
upon the logical intersection, union, or difference between search data (i.e.
interatomic distances, torsional angles, conformational energy, etc.) from a
number of molecules. The combinatorial attributes of the systematic
conformation search allows the identification of the potentially pharmacophoric
patterns in a series of compounds. The pharmacophore provides a common
frame of reference for the orientation and superposition of active and inactive

analogs at the receptor site.
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Figure 12: The search variables for the compounds under consideration.
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2.1.3 Method of Comparison

The most desirable method of comparison of potential pharmacophoric
patterns will allow the extrapolation of the pharmacophore to compounds from
different molecular classes, which may demonstrate common biological
activities. Interatomic distances were used as the metric for analysis and
comparison of the conformational data associated with each analog in this study
[9]. This method of comparison focuses upon the orientation of individual atoms
with respect to each other, independent of the overall molecular framework of a
compound. It allows the identification of pharmacophoric patterns that can be
applied to structurally diverse molecules, i.e. outside the nucleoside family,
which may demonstrate similar activity. Within this orientation space, a
pharmacophore consisting of a narrow range of interatomic distances between
specific atoms can be described in terms of an orientation map (OMAP) point,
which has a dimensionality that is equivalent to the quantity of interatomic
distances it contains. This reduces the comparison of three dimensional
molecular features to the comparison of distances between atom pairs, which can
be readily applied to structurally diverse compounds. The intersection of the
OMAP points from a set of active analog's provides the common and potentially

pharmacophoric atomic pattern(s) that are available (see Figure 13).
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OMAP Points
Compound 1: A, B CDEF GH
Compound 2: A B, CEJK LM
Compound 3: B,C, EQR S T
Compound 4: C,E X Y, Z

Potential Pharmacophores: C,l E

Figure 13: OMAP example. Compound 1 was searched without constraints and
generated an OMAP point for every conformation (A-H). Compound 2 searched
without constraints will generate all of the given OMAP points (A,B,C,E,J,K,L,
and M), but with compound 1's OMAP as a constraint only those common to

both (in bold). The searching of subsequent compounds with constraints results
in the identification of the OMAP points common to all in compound 4 (C and
E, in bold).

For example, an OMAP point is generated for each sterically allowed
conformation of a compound and contains interatomic distance data related to
predefined atom pairs. At the end of a systematic conformational search the
resulting OMAP of each compound contains a point for each conformation and,
thus, defines the entire set of sterically allowed spatial arrangements for the
designated atoms with respect to each other. Since by definition a
pharamcophore is a common spatial orientation of atoms in a series of active
analogs, at least one point in each compound's OMAP should be common to all
the analogs under consideration. The identification of the OMAP point(s) in each

compound that are common to the series provides a set of potentially

pharmacophoric patterns.
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The usefulness of this approach is in the fact that although a pair of atoms
may move throughout a common overall distance range in two compounds
(minimum: 6.0 A; maximum: 10.0 A) the movement is discontinuous in each;
and, the identification of common points inside this global range provides a
means of conformational discrimination, by eliminating conformations without
overlap in the segments that comprise an overall range (see Figure 14). An
intersection is identified using a search and constrain approach, in which OMAP
points are generated for a compound and used to constrain the conformations
generated for a subsequent compound to those common to both. Using this
approach, the last compound searched in a series will containv OMAP points

common to itself and all previously searched compounds, i.e. an intersection.
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Figure 14: Example of distance range intersections as a means of identifying
commonalities amongst compounds. The overall ranges for both compounds are
identical, but when examined at a higher resolution one can see that there is
room for discrimination between the two.
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2.1.4 Search Resolution
The principal determinant of the quality of a systematic search is the resolution
of interatomic distance measurements. This is analogous to the maximum amount
of potential deviation that can occur between the pharmacophoric groups of two
different analogs. The Grid Size parameter of the systematic conformational
search defines the degree to which interatomic distances from different
compounds must agree in order to be considered common. In simplest terms, it
defines the increments with which interatomic distance measurement will be
taken. Consequently, the Grid Size parameter quantitatively regulates the amount
of pharmacophoric overlap between the selected atoms in differenvt molecules.
For example, setting a grid size of 0.1 A results in the measurement of
interatomic distances at increments of 0.1 (i.e. 0.1, 0.2, 0.3, 0.4 A, etc).
Distances falling between grid points, such as 0.1 to 0.2 A or 0.2 to 0.3 A, are
in a relative dead space and will map to a the same midpoint distance, i.e.
0.15 A and 0.25 A, respectively. The grid size thus provides a means of defining
the level of accuracy with which interatomic distances will be measured. A grid
size of 0.1 A will map interatomic distances of 0.120, 0.144, and 0.151 A from
a molecule (A) and 0.149, and 0.168 A from a molecule (B) to a common
midpoint of 0.15 A, i.e. all would be considered identical. A more accurate
measurement would be made with a Grid Size of 0.01 A, which would only map
0.144 A from molecule (A) and 0.149 A from molecule (B) to the same
identical, at 0.145 A (see Figure 15). The grid size parameter provides a means
of defining the resolution with which the comparison of potential

pharmacophoric patterns will be made.
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Figure 15: Search resolution example. Comparison of 0.1 and 0.01 grid sizes.
The larger the grid size the greater the potential difference between interatomic
distances which map to the same OMAP point. A grid size of 0.1 will consider
interatomic distances within up to 0.1 A of each other as identical (see top grid,
all distances are will be mapped to 0.15 A); whereas a grid size of 0.01 will
Frowde a more stringent range of 0.01 A for consideration as identical (see

wer grid, only two distances within close proximity of each other are
considered identical).



