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ABSTRACT

A database search for sequence sections that match a given . pat-
tern has been developed. In the pattern, not only the kind of the
amino acid at a specific position may be specified but, by
choice, also physicochemical and aterlc propertles and positions
of poesible deletions. Thie allows to detect sequence sections
that are not conserved in sequence but are so in structure and
function. The property patterns can be automatically derived as
consensus patterns from alignments of related sequence sections
and reveal etructurally and functionally important features of
the examined Bsequences. Studies of GTP-binding sites resulted in
well-defined consensus patterns.

INTRODUCTION

Until now, tertiary structures of only about 300 molecules
(Brookhaven data bank, Cambridge, Releaee 44, BERNSTEIN /3/) have
been determined. On the other hand, some thousand protein sequen-
ces are known (SWISSPROT Protein Sequence Data Base, Release b5:
5207 entries). Therefore, often only sequence data are available
for investigations on a special protein., Since spatial structures
of amino acid chains are determined by their sequences (CREIHGTON
/4/), various methods have been developed to exploit sequence
information for predictions of structure and function. Beside
secondary structure prediction and alignment algorithms, the
recognition and analysis of consensus patterns of related pro-
teins/protein domains is such a method (for review see TAYLOR
/8/). In the most simple case, a consensus pattern contains the
information as to which amino acids are common in the examined
protein sections (then to be called consensus sequence). It can
be used to search for proteins with sequence patterns that match
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the consensus pattern. Ideally, these proteine have structures
and functions aimilar to those of the sequences that served as
the basis for the construction of the consensus m>tif.

The relationship exiesting between amino acid sequence and steric
structure is not alwaye evident: On the one hand, tertiary struc-
tures of short, identical sequence pleces in different proteins
may be very dissimilar (KABSCH & SANDERS /6/, ARGOS /1/), re-
flecting interactione with other partes of the molecule and the
surrounding solvent. On the other hand, very different sequences
chn form similar folds. Thia is one reason for the impossibility
to determine well-defined consensus sequences, for example, of
dinucleotide-binding sites (ARGOS & LEBERMAN /2/). Similar steric
structures of dissimilar sequences may occur since different
amino acids can play a similar role in the structure due +to
common steric and physicochemical propertles (charges, hydropho-
bicity, extension of eide chaina). Therefore, consensus patterns
should include information on these properties besides or instead
of the specification of the kind of amino acid present at speci-
fic positions.

We have developed a method for deriving patterns of such proper-
ties (i.e. consensusg patterns) from alignments of related sequen-
ces and for the subsequent database search for sequence sections
that match these patterns. The characterisation of the residues
of the patterns is based on 10 physicochemical and steric proper-
ties (see FIG. 1) given in ZVELEBIL et al. /9/. TAYLOR /7/ aleo
used these properties to represent the results of alignmentas of
related proteins (“"search templates").

As an example, the results of amearching for GTP-binding sites of
proteins in the SWISSPROT-Database are presented here.

METHOD

To search for property patterns over the data base and to refine
results, a FORTRAN-77 program set PAT consisting of the programs
PCONSTR, PSEARCH and PEDIT was developed.
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Input
To run the search program, a proper pattern had to be construct-

ed. In FIG. 1 possibilities for characterising the individual
amino acid residues (up to 35) of this pattern are demonstrated.

mismatches: 2

1 C 7 . 2 2 . 2 2 2
2 C 6 2 2 . 2 . 2
3 v 8 1 2 2 2 2 2 1 2 2
4 X . . . . . . .
5 G ! . . . .

6 X . . . . .

7 G * 7 . 2 2 2 1 1 2 2 2
8 G ! . . . . . .

9 N 5 . 2 . .
10 Vv 7 12 2 2 2 2 2
11 G 9 1 2 2 2 2 1 1 2 2 2

FIG. 1 Input pattern ~ example: Property pattern of the NAD-

binding site of some dehydrogenases
mismatches ~ number of allowed errors in matching specified pro-

rerties

aa ~ amino acids (one letter code, “X" = variable)

8p ~ special characteristics ("!" = substitutions/mis-
matches forbidden, "% = deletions allowed)

co ~ degree of conservation (see text) ]

hy, po ... -~ hydrophobic, polar, negative, positive, charged,

small, tiny, aliphatic, aromatic, prolin
("1" = demanded, "2" = forbidden)

There are the following options for describing the properties of
the residues: Of course (i) the type of amino acid may be speci-
fied (FIG. 1, second column); additionally one can specify (ii)
positions .where deletions of residues are allowed and positions
where any substitution is forbidden as marked by an asterisk "*“
and exclamation mark respectively; (iii) the degree of con-
servation in case of a substitution of the specified amino acid
residue according ZVELEBIL et al. /9/ by an integer I with I = 10
for demanding identity and I = § -~ n with n being the number of
nonequivalent properties if a substitution of the residue is
possible; (iv) any of the mentioned steric and physicochemical
properties; they can be demanded or forbidden; and (v) the per-
mitted number of mismatches of specified properties, exclusively

residues which are labeled by an “!".

wypm
L
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The construction of property patterns is possible a priori by in-
goeription of properties into a given scheme or with the program
PCONSTR on the basis of an alignment of known sequences.

Program PCONSTR

By means of the program PCONSTR it is possible to derive an
optimal property pattern from an alignment of given sequence
gections. "Optimal” means that the most rigorous pattern of
properties is calculated; as many properties as possible will be
specified. Loosenings are possible by editing the pattern or by
allowing some mismatches.

Program PSEARCH

The PSEARCH-program carries out the search for proteins contain-
ing the property pattern over a protein eequence data bank
(SWISSPROT, PIR, or own database in PIR-format).

Algorithm: All different variants of the motif, which result from
admission of deletions by an "*", are calculated. Then all se-
quence entries of the data base are compared successively with
the motif variants. If a part of a sequence is found that matches
all specified properties with the exception of allowed mismat-
chee, then the name of the protein, the detected section of the
sequence, 1ts pogition and the number and position of mismatches
are listed.

The search 1is carried out elther over the whole database or over
a part of it according to a current list. A current list may be
created during program run and containe the codes of the matched
proteins. It can be used for further searches, for instance, with
stronger patterns or if searches for proteins are carried out
that contain more than one pattern (see our example).

Required CPU-times depend on the length of the sequence, the
number of variants (hence the number of "*"), +the number of "!"
(increase speed because of aborting comparison if the labeled
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residues are not found at their positions) and the number of
entrieg in the bank or current list. The search for a pattern of
21 amino acid residues (without allowing deletions) over the
SWISSPROT-database (release 5, 5207 entries) required about seven

minutes.

Program PEDIT

This program supplies alignments of the detected sequence sec-
tions, a summary of different searches and the derived consensus

patterns.

Up to +three output files of PSEARCH can be taken into account.
With PEDIT results are compressed. A list 1s printed that con-
tains sequence codes, an alignment of sequence sections together
with their positione in the sequences, the number and position of
mismatches and the calculated different property patterns (con-
sensus patterns) that result from consideration of all sequence
sections with no mismatches, all with none but one mismatch  and
80 on up to the consideration of all findings. For an example,
see FIG, 3. Additional 1lists of the aligned sequences permit
editing (deletion or insertion of sequences) and calculation of a
new property pattern with PCONSTR.

Use of the Programs

There are two main possibilities for using the program set PAT:
(1) The search for sequences that contain a given property pat-
tern and (11) the determination of consensus patterns on the
basis of an alignment of known functionally, structurally or
evolutionary related sequence parts. Generally both methods will
be used. For a scheme of the work with the programs see FIG. 2.
After a Ffirst run of PSEARCH on the basis of aligned sequence
sections or an a priori motif the results will enable one to
determine a more appropriate pattern by consideration of newly
eventually after experimental proof of their sig-

found entries,
comparison with other PSEARCH lists by means of

nificance or
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PEDIT. After editing, this pattern may be used as input for

another search.

initial alignment initial pattern
PCONSTR E——— | PSEARCH | ~————— ligts of entries
r ‘ and sequences
E
E,S PEDIT | ~————s short output of
resulte and
f cons. patterns
[
other PSEARCH-liste
E ... editing of intermediate results possible
S ... experimental studles on function and structure of

matched proteins, 1f necessary and possible

FIG. 2 Scheme of using programs
RESULTS AND DISCUSSION

For an example of the work with our programe we list here results
of investigations on GTP-binding sites (detalled results of stud-
ies on nucleotide-binding sites will be published elsewhere).
Three coneerved sections are known to be characteristic for GTP-
binding proteins: Section 1 is a nucleotide-ribose-binding site
common  to all nucleotide-binding proteins, section 2 is respon-
eible for magnesium binding, esection 3 for apecific guanine-
binding (JURNAK /5/). FIG 3. shows an output list of the program
PEDIT (shortened). Listed are the results of searches for pro-
teins that contain the three sequence sections. The worde in the
first column are the SWISSPROT-codes of the protein names. The
next column contains the positions of the detected partial se-
quences in the whole sequence, followed by the sequence sections
themselves and the number of miasmatches. In'the following column
the positions of the second sequence sectlions are contained and

80 on. At the end of the list the resulting consensus patterns
are listed,
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Altogether, our studies resulted in a detailed determination of
the three motife characterising GTP-binding properties. Already
pattern 1 discriminates the closely related GTP- from ATP-binding
sites. This has (without additional restrictions to the detected
sequence sections) not been possible on the basis of consensus
sequences: ARGOS5 & LEBERMARN /2/.

For further studles, an expansion of the property set could be
valuable (for instance, by a property of "being glycine® which
is, like prolin, a somewhat "exotlc” amino acid).

Three general features of using the results of pattern searches

can be derived:

- Congensus patterns (1. e. the property patterns) can be cal-
culated and used for further searches in an extended database,

- Due to the lack of non-common properties, the derived consensus
patterns make clear important structural and functional fea-
tures of the studied sequence sections.

- Since steric structure and function of a protein depend on the
propertles of its amino acids, the pattern searching perpite
detection of structural motifs, detection of relationships
between distantly related proteine and prediction of their
structures and functions (for instance, of hypothetical pro-
teins). TAYLOR /7/ proposed the creation of a consensus
sequence database that may be used to determine structure and

function of newly sequenced proteins.
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