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1. Introduction

Each year protein crystallographers determine about 30 new three-dimensional
protein structures, most of which are published in some form, and many of which
are deposited in the Brookhaven Protein Databank (Bernstein et al., 1977). Some
of these are novel arrangements of a polypeptide chain, but others represent
classes of structure that have been observed earlier in other proteins. Thus, each
year we learn about an increasing proportion of the folds available to a polypep-
tide chain.

We are also, at the same time, gaining a better understanding of the prin-
ciples of a polypeptide architecture. We now understand that proteins have
evolved as hierarchical entities consisting of sequence, secondary structure,
motif, domain, globular protomer, and oligomer levels (Richardson, 1981). We
know that there are many lower-level structures that are compatible with each
structure at a higher level. For example, many differing sequences can form an
equivalent helix in a globular protein, and helices, strands, and turns of differing
lengths and sequences can assemble as topologically similar motifs, such as
nucleotide binding domains, alpha-helical bundles, or Greek keys (Rossmann
and Argos, 1976; see Bajaj and Blundell, 1984, for a review).
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We can now begin to formuldte a powerful set of rules that describe protein
construction and architecture at many different levels, for example, the confor-
mations of amino acid side chains at topologically equivalent positions in fami-
lies of homologous proteins (Summers ez al., 1987; Sutcliffe et al., 1987b;
McGregor et al., 1987) and the classes and key residues that characterize beta
hairpins (Sibanda and Thornton, 1985; Milner-White and Poet, 1986; Efimov,
1986: Edwards et al., 1987). We can consider using these rules, combined with
other facts and hypotheses, to indicate which sequences adopt a particular higher-
level structure or, in other words, to describe tertiary templates that define all
sequences that are consistent with a particular motif, globular domain, or tertiary
structure (Ponder and Richards, 1987). We seek to use these facts and rules in a
knowledge-based procedure for the modeling and design of proteins.

Knowledge-based modeling can be envisaged as a process concerned with
establishing and using rules to generate a model of a protein. One of the most
powerful procedures in rules construction is the comparison of related structures,
either through an alignment of sequences to identify conserved residues or
through a superposition of three-dimensional structures to identify conserved
conformations or motifs. Thus, the first step in a knowledge-based modeling
procedure is systematic comparison of families of topologically similar struc-
tures. This step will lead to establishment of “equivalences” between the struc-
tures compared, and to their clustering based on measures of general similarity.
The second step involves projection of the results of these comparisons of three-
dimensional structures down onto the level of sequence. This step establishes
rules relating sequence to structure. These can be expressed as consensus se-
quences—templates—for topologically equivalenced residues, or as key resi-
dues in canonical structures, which are then used to align the sequence of the
protein of unknown tertiary structure with the known structures. The third step
uses the rules established in the second step to generate a three-dimensional
model. The three steps of knowledge-based modeling are shown diagram-
matically in Figure 1.

The classical form of knowledge-based modeling is modeling by homology,
or comparative modeling. This procedure depends on the knowledge that homol-
ogous sequences have similar tertiary structures involving a conserved “frame-
work” of packed helices and strands connected by structurally variable regions
that accommodate much of the sequence variation and almost all of the insertions
and deletions. The method was first used by Browne et al. (1969) to model
alpha-lactalbumin on the basis of the known three-dimensional structure of
lysozyme. In subsequent years it was used to model insulinlike growth factors
and relaxins from the three-dimensional structure of insulin (Bedarkar et al.,
1977; Isaacs et al., 1978; Blundell et al., 1978), serine proteinases on the basis ’
of trypsin, chymotrypsin, and elastase (Greer, 1981), renin from the three-di-
mensional structures of aspartic proteinases (Blundell et al., 1983; Sibanda et






