










































































152 to 19 inclusive plus residue 165. Contacts (e.g. H-bonds) between selected
atom types can also be displayed (Fig. 1 - which shows the main chain and
hydrophobic side chains of aPP with every 5th Cq labelled and with main chain

H-bonding shown) .

Molecular surfaces can be displayed using an algorithm, SURGEN, developed by
Laurance Pearl in the department. The surface is represented by dots generated
on a O.SR grid from the atomic van der Waal's spheres. This is considerably
simpler and faster to compute than Connolly's algorithm used in Dr R Langridge's

laboratory, but can lead to slightly 'square' atoms.

The docking algorithm of MIDAS uses an automatic one-dimensional search along a
specified trajectory; pairwise interatomic contacts are searched for and are
sorted according to increased displacement from the starting position. Then the
computer brings the docking molecules together for each contact in turn and
recomputes the pairwise contact distances, this time giving the spheres a softness
dependent on their hydrogen bonding ability or allowable flexibility; finally

the best contact situation is displayed which gives the maximum intercalation

with the maximum buried surface area.

Figure 2 shows van der Waal surface representations of the a-helix and proline
helix (separated) of aPP showing the complimentary hydrophobic surfaces which

pack together, and which can be made to do s¢ using the docking algorithm.

MIDAS with its FRODO like menu and psuedo analogue to digital converters for
rotations, etc, compliments FRODO extremely well as a tool for understanding the
interpreted molecular model. Ian has also incorporated a tracker ball into the

system which allows manual rotation about any axis.

BILBO

This program with a ring of anthropomorphism about its name has been written by
Anne-marie Honegger from the Biochemisches Institut, Zurich who has been a

visitor with us for the last six months.

Bilbo is designed for the study of protein-protein interaction such as dimerisations,
sub unit interactions and receptor binding of polypeptide hormones, as well as
for the comparison of protein surface topology, charge distribution, etc.

Van der Waal and solvent accessible surfaces are generated in a similar way to
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SURGEN, using bit mapping. These dot-surface representations can be super-
positioned using a least squares best fit algorithm (e.g. Dr A Maclachlan's
EASIFIT) and different logical operations (inclusive or, exclusive or/and) can
be performed between their bit (dot) maps to highlight similarities and differ-
ences in shape and volume. Accessible surface areas of the whole protein or of

individual residues can be listed on demand.

Surfaces can be displayed as clouds of dots, but for a stationary picture in
order to obtain a better sense of depth a grid can be dropped over the surface

of the molecule (Fig. 3) or surfaces can be represented as a furry cloud of
vectors perpendicular to the atomic surface at each bitmap point (Fig 4) - both
of these latter representations use much more memory. Different surface textures
can be chosen to highlight hydrophobic etc., residues and H-bond donors and

acceptors (Fig 4 shows the hydrophobic surfaces 'furred' and hydrophilic dotted).

For docking, so far only a simple hard sphere docking routine is available

(Fig 5), and one can 'slab' through the interacting surfaces to look for details.

FITZ

FITZ, written by Garry Taylor as a tool for the manipulation and comparison of

molecular structures has three main functions:

(a) Up to four objects (Co backbones, atomic models, dot surfaces) can be
displayed and independently moved allowing comparison of structures, simple
solid body docking or the simultaneous display of several views of the same
object. Ian Tickle sweated through the non-trivial task of writing the soft-
ware to allow rotations and translations relative to fixed screen axes and
in FITZ this is generalised for n independent objects. An object can also
be 'cut' into parts to allow, e.g. independent movement of protein domains.
Finally Dr A Maclachlan's EASIFIT algorithm has been incorporated to allow
the best fit between two objects to be obtained on the screen; equivalent
pairs of atoms are either explicitly given or are taken automatically by
proximity after an initial visual best fit on the screen. Figure 6 shows a
comparison of the Cq backbones of endothia pepsin and penecillopepsin
before and after fitting, based on a fit between three catalytically
important residues' Cq atoms which were deemed to have the same spatial

relationships in both proteins.
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(b) Crystal packing can be investigated by the display of a unit cell box and
the generation of symmetry related molecules whose centres of gravity fall
within specified volume limits. This facility has been useful as an adjunct
to several molecular replacement problems in the laboratory and the program
has an option allowing the input of the orientational parameters of a
molecule and then filling a unit cell with symmetry related molecules.

The centre of gravity of the molecules can be changed via the pen and tablet
and the related molecules move in real time giving a rapid means of

investigating sensible packing arrangements (Fig 7).

(c) A 'balsa wood' model can be rapidly built up in 3-D using the tablet as a
drawing pad, entering contours from the electron demnsity sections. This
was found to be useful in the interpretation of a low resolution MIR map
of mucor chymosin., Using the ability to manipulate several objects, the
best visual fit of the Cg backbone of a structurally related enzyme
endothiapepsin into the molecular envelope of mucor chymosin was found -

thus solving the molecular replacement problem in real space (Fig 8).

DOCKER

Dr Bernard Busetta from Bordeaux wrote a program to investigate the binding of

a substrate to an enzyme. The program allows complete flexibility of the
polypeptide substrate and flexibility of the side chains of the active site.

A molecule can be docked into the active site, close contacts being displayed
when they occur, until a satisfactory fit has been obtained. This configuration
then acts as the starting point for energy minimisation using simple 6-12 non
bonded potentials, the resulting conformation of the system being displayed.

Solvent accessibility calculations can also be performed.

POLY et al

John Quinn in the group interested in water structure has used the E & S as a
very effective display tool. Figure 9 shows a three-dimensional energy plot of
the molecular interaction for drivers, and the program has made it possible to
examine simply and efficiently large regions of the 'phase space' available to

the molecules interacting with a given potential.
The E & S has also been used for examining different infra red spectra by

entexring the graphical data via the tablet and this has proved to be the simplest

way of digitising the spectra for subsequent analysis.
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A molecular dynamics display program has been written which shows the
configuration of single centre Lennard Jones particles on the screen while the
simulation runs on the 11/60. The simulation can then be followed visually and
was written for spotting 'bottlenecks' in the simulation or for observing

phenomena which take place within small timescales.

FUTURE ?

We are hoping to obtain a colour screen in the near future which will provide
an exciting new dimension in the use of molecular computer graphics. Colour
can be used to highlight regions of molecular models in obvious ways and will
clearly show overlap when docking or comparing structures when e.g. red and
green overlap to give yellow. All of the programs described will gain

significantly from the use of colour.
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