Modelling and Computer ' Copyright © 1992 by Nova Sdence Publishers, Inc.
Methods in Molecular Allrights of reproduction in any form reserved.
Biology and Genetics : ISBN 1-56072-077-8

FROM THE COMPARATIVE ANALYSIS OF PROTEINS TO SIMILARITY-BASED
MODELLING |

Mark S. Johnson, J. Overington, A. Sali and T.L. Blundell

Imperial Cancer Research Fund Unit of Structural Molecular Biology
Birkbeck College, Malet Street, London WC1E 7HX, England

The comparative analysis of homologous protein structures has led to a number of
general observations that have a bearing on similarity-based protein modelling. First, in
structures related through a common ancestor the elements of secondary structure, the
e-helices and B-strands, are arranged to yield similar three-dimensional topologies (for
review see [1]). Indeed, sequence similarity can all but vanish while the three-
dimensional structures remain clearly recognizable! Second, the replacement of residues
in the solvent inaccessible hydrophobic "core" is usually accompanied by relatively small
shifts in the orientation of the elements of secondary structure [2-3]. A comparison of
‘homologous tertiary structures and their corresponding sequences has also shown that
Tesidues of the hydrophobic core are more conserved (both in sequence and position in
‘space) than surface residues that are exposed to solvent [4-5]. The bulk of amino acid
Teplacements, insertions and deletions that do occur are located primarily on the protein
surface and are many times the "loops" which connect elements of secondary structure.
All told, it is not too surprising that one can use the coordinates of homologous three-
dimensional structures to obtain an estimate of the coordinates for the structure of a
related protein but with structure unknown.

. Browne et al. [6] were the first to describe a model based on the coordinates of a
homologous structure: They modelled o-lactalbumin using the structure of lysozyme as a
Starting point. Other models, mainly for serine proteinases, soon followed: The a-lytic
Proteinase from elastase [7], the trypsin-like proteinase from S. griseus modelled on the
Coordinates of bovine trypsin [8] and the insulin-like growth factors and relaxins using the
Coordinates of an insulin structure [9-10]. In general, these models were constructed
;hfough the intensive use of interactive graphics devices in which alterations were made
10 the known structure itself. Indeed, it was not until Greer published his account of

gjloﬂellmg serine proteinases [11] that a more systematic approach to modelling was
'@;:_nsldered.
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The approach suggested by Greer [11] is the following:

1. The superposition of pairs of structure coordinates as rigid bodies in order to locate the
most similar and therefore the most conserved portions of the structures. These
regions are most likely to remain spacially conserved in the unknown structure.

2. The alignment of the unknown sequence with the aligned sequences from the known
structures.

3. The use of the existing coordinates from the known structures to build the structurally
conserved core and therefore maintain the correct main chain geometry.

4. For the structurally variable loop regions, the use of the corresponding loop positions
from homologous structures if possible.

S. The construction of the side chains from the existing side chain geometries in the
known structures as much as is possible.

In our attempts to produce both a general and automated approach to protein
modelling we have developed two different procedures. The first, COMPOSER [12-14],
relies upon the use of fragments of real structures, either homologous or analogous
pieces. This I refer to as Frankenstein-monster modelling. A second more elegant
approach that is at an early stage of development, concerns itself not with discrete pieces
of structure to be glued together in the formation of a finished hybrid model, but instead
establishes constraints on the position of each atom in the model and obtains a result that
best agrees with these constraints [14]. '

COMPOSER

COMPOSER is an automated procedure, developed at Birkbeck College, that
facilitates the construction of a protein model based on the comparison of known
homologous protein structures. This procedure depends upon the analysis of both
tertiary and primary structures and the selection of those structures that have the closest
inferred similarity to the protein to be modelled, the determination of the conserved
protein "core" based on a "family framework," the search and selection of variable "loop"
regions and the construction of side chain geometries. COMPOSER can be used to
derive an estimate of the relative positions of all nonhydrogen main chain and side chain
atoms. The basic steps incorporated into this procedure are:

1. The identification and selection of homologous protein structures. Phyletic trees are
derived from both the alignment of tertiary structures and the multiple alignment of
amino acid sequences. The amino acid sequence of the protein to be modelled, the
“unknown’, is also included. The resulting two trees are then mapped onto one
another and the proteins which bracket the the position of the unknown are used in
the construction of the model [15-17]. . _

2. Identification and construction of the three-dimensional framework representin g the
unknown. The selected structures are simultaneously aligned with a procedure that
treats the structures as rigid bodies and seeks to provide the best global superposition
[12]. Equivalent positions over each of the structures are identified: Those aligned
positions from these structures, which lie within a specified distance of each other, are
considered part of the structurally conserved core, which most often consists of a set of
discontinuous fragments.

192






