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Introduction

As evolution progresses, accumulated changes in DNA and RNA lead
to differences in amino acid sequences and corresponding alterations in the
tertiary structure of proteins. Although these changes take place most often
on the protein surface exposed to the solvent, mutations can be accepted
within the inaccessible hydrophobic interior formed from packed second-
ary structure elements. Thus, relative translations and rotations of o
helices and f strands do occur while their general spatial relationships
remain highly conserved.'? As a result, when comparisons are made
among more distantly related structures, fewer topologically equivalent
positions are found and lead to greater root mean square (RMS) devia-
tions.>*

Consequently, one should be able to chart the evolution of proteins
from a comparison of their structures. Indeed, as protein structures are
generally more conserved in evolution than are amino acid sequences,’
they can be used to infer relationships among proteins where an alignment
of their sequences is not statistically signi- ~ant.® The first phylogenetic tree
derived from structural information was * ised on the number of topologi-
cally equivalent positions in several dinucleotide- and mononucleotide-
binding proteins’ (for a review, see Matthews and Rossmann®). Following
this work, Johnson et al.® compared six families of homologous structures
and sequences (immunoglobulins, c-type cytochromes, globins, serine pro-
teinases, eyelens jy-crystallins, and nucleotide-binding domains) and
showed that trees based on sequence and structure are generally congruent.

Pattern matching and comparison methods for proteins can be em-
ployed to derive both the equivalences between residues and the overall
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similarity scores which can then be used to construct trees. It mm important
to recognize what information about the proteins is included in the com-
parison. This information generally focuses on only a mms. aspects, and
there are two major groups of comparison methods: those using sequences
of the amino acid residues and those employing three-dimensional struc-
tures of proteins. .
The most familiar sequence comparison methods are the dynamic
programming procedures based on the algorithm of Zuﬂ_nﬂmu and
Wunsch,® which has recently been exploited to obtain EE:m_m sequence
alignments.!®-'> These methods usually consider the mutation rates of
amino acid residues'*' to derive optimal comparison scores and corre-
sponding alignments. The utility of many amino acid properties for the
alignment of amino acid sequences was systematically nx.usnan_ E..Aﬁmom‘.;
using his own optimization algorithm. Physical properties of amino acid
residues are also considered in the pattern matching technique of .._.mw_c. r,”
which can align several protein sequences simultan usly. The Eﬂ.mwn:_n&
aspects of sequence and secondary structure or, nization were imple-
mented in the program ARIADNE'® for the matchiag of a given sequence
pattern to a protein sequence and in the approach developed by Rawlings
et al.'® for reasoning about protein topology. )
Alternatively, methods which compare tertiary structures of proteins
are dominated by the rigid-body least-squares superposition of the a-car-
bon (C,) positions (see Matthews and Rossmann® for a review). Iosncm.ﬁ
Rao and Rossmann? also included the main chain direction in their
pairwise comparison procedure, which enabled the alignment of more
divergent protein structures. The rigid-body approach was recently ex-
tended by Sutcliffe er al?' for the simultaneous comparison of several
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