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Computing and Graphics

Many scientific fields deal with the calculation or observation
of 3-dimensional data, for example electron density, Van der
Waals surface and electrostatic  potential  calculations.
Conventionally, this data is stored in grid form where a large
number of data points are needed to fully describe it, which
leads to problems with both storage and analysis.

An alternative approach is to approximate the grid by fitting a
set of orthonormal functions to it. Once this has been carried
out only the function coefficients need to be stored - i.e. a few
hundred numbers instead of several hundred thousand. The 3-d
information can then be regained when required by reversing the
calculation.

The functions we have chosen are very similar to those used to
describe atomic orbitals, they differ only in that they have been
scaled to represent a whole molecule and not just the volume
associated with a single atom. This technique has been applied
previously for electron density display and fitting in the field of
Protein Crystallography but has not been used extensively for
smaller molecules.

We are particularly interested in the following applications of
this technique:-
Crystallography:

The representation of molecufar shape and charge for use in
crystal packing studies.

The method can be used to represent voids within crystals,
something that is difficult to achieve by other means.

Drug Design:

Molecular shapes are important for explaining and/or predicting
the interaction of a drug with a putative binding site.

QSAR studies on the coefficients can be easily carried out. The
number of parameters involved is relatively small and the nature
of the functions allow the use of fast rotation algorithms to aid
molecular comparisons.

The applications of the technique are limited only by the types
of information that such functions can be expected to represent.
If required another set of functions can be used for other cases
as the choice is only limited by the need for orthonormality.
Also, as the functions are able to represent a complex 3-d grid,
two independent sets of data for the same molecule can be dealt
with simultaneously. One is entered as though it was the real
part of the grid and the other as the imaginary part; the two sets
of numbers are kept completely separate during the calculations
but may be displayed and analysed together if required.

OCM-02.08.06MOLECULAR SCENE ANALYSIS: A

As part of our project in Molecular Scene Analysis (Fortier, S.,
Castleden, 1., Glasgow, J. L., Conklin, D., Walmsley, C., Leherte, L.
& Allen, F. H. (1993). Acta Cryst. D 49, 168-178), we have been
investigating methods to assist in the spatial and visual analysis of
clectron density maps at varying resolution. In particular, we have
assessed the uscfulness of the topological approach for the
segmentation of medium (3 A) resolution maps of proteins and their
interpretation in terms of structural motifs. We have followed the
approach implemented by Johnson (Johnson, C. K. (1977). ORCRIT.
The Qak Ridge Critical Point Nenvork Program. Chemistry
Division, Oak Ridge National l.aboratory, USA) in the program
ORCRIT, which provides a global representation of the electron
density distribution through the location, identification and linkage of
its critical points (points where the density gradient vanishes). In the
first part of our study, the topological approach was applied to ideal
(calculated) maps of three proteins of small to medium size so as to
develop a methodology - rules, heuristics or templates - that could
then be used for analyzing maps of medium resolution. The
methodology was then applied to both calculated and experimental
maps of penicillopepsin at 3 A resolution. The study shows that the
networks of critical points provide a useful segmentation of the maps,
tracing the protein main chains and capturing their conformation. In
addition, these networks can be parsed in terms of secondary
structure motifs, through a geometrical analysis of the critical points.
The procedure adopted for secondary structure recognition was
phrased in terms of gecometry-based rules. It provides a basis for an
automated implementation through the use of artificial intclligence
techniques.

PS-02.08.07 THE USE OF A MODIFIED DOUBLE PATTERSON
FUNCTION IN DIRECT PHASE DETERMINATION.

By Yuan-Fang Wzmg*. René Peschar and Henk Schenk. Laboratory for
Crystallography, University of Amsterdam, Nieuwe Achtergracht 166, 1018
WV Amsterdam, The Netherlands.

Nowadays in X-ray crystallography most single crystal structures are solved
by direct methods, which are based on probability theory. From this theory
the values of structure invariants and seminvariants are cstimated, one of
them being the triplet phase sum v, If interatomic triangles (r.-r,, T,-r,)
can be obtained, < cos(¢,)> and <sin(¥)> can be expressed in more
accurate formulas, (Kronenburg, Thesis, Univ. of Amsterdam, 1992, 67-75).
[t is commonly known that the Paiterson function consists of interatomic
vectors. Two arbitrary Patterson vectors, however, do not necessary share a
common atom, 3o the construction of triangles (r.-r,, ry-r,) from Paticrson
vectors is a complicated task. In this respect the double Patterson function
(Vaughan, Acta Cryst, 1958, 11, 111-115):

Puy) = V2 /‘ ) p(r+u) p(r+v) dr

is more interesting for two related reasons:

1) P(u,v) is the Fouricr transform of the triplet phase sum;

2) non-zero P(u,v) are possible only if u and v form an interatomic
triangle.

A modification of the double Patterson function is proposed. Calculations

for both model and real structures are presented  which  show  that

interatomic triangles can  be constructed more safely with the double

Patterson function than with the normal Patterson function.

PS-02.08.08 A PACKAGE OF FAST FOURIER TRANSFORM

ROUTINES FOR MACROMOLECULAR CRYSTALLOGRAPIIY.

E. Prince*!, M. An?, C. Lu® and R. Tolimieri®.
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