Protein Seq Data Anal (1992) 5:39-42

Protein Sequences
&Data Analysis

© Springer-Verlag 1992

Improved detection of homology in distantly related proteins:
similarity of adducin with actin-binding proteins

Gyorgy Simon', Rudy Paladini’, Sergio Tisminetzky', Miklos Cserzo!, Zsolt Hatsagi > 3, Alessandro Tossi!,

Sandor Pongor!-3

! International Centre for Genetic Engineering and Biotechnology, Area Science Park, 1-34012 Trieste, Italy
2 Department of Computer Sciences, The University of Chicago, Chicago, IL 60637, USA
3 ABC Institute for Biochemistry and Protein Research, H-2100 Gédéllo, Hungary

Received December 20, 1991 / Accepted March 27, 1992

Abstract. A novel and generally applicable method is
described for the detection of homology in distantly re-
lated proteins using a new domain sequence database
that contains over 20000 protein sequence segments of
known function. The use of the method is illustrated
on distantly related domains shared by complement
components C1S and C1R, calcium-dependent serine
proteinase and bone morphogenetic protein 1. New ho-
mologies are shown between human adducin and the
actin-binding domains of alfa-actinin and dystrophin.

Introduction

If two distantly related sequences share only a few com-
mon domains, detection of homology is often proble-
matic since random identities present in the alignment
often “mask” the biologically important sequence pat-
terns [1, 2]. Currently, detection of such homologies is
possible only if the sequence pattern to be located is
a priori known from multiple alignment. Even though
collections of sequence patterns [3, 4] and search algo-
rithms [5-7] are now available, their use is quite limited
as currently there are no consensus patterns available
for the majority of the known domains. Another limita-
tion of pattern matching is the sensitivity to single mis-
matches that may lead to failure even if the rest of the
pattern is entirely conserved.

Here we show that a good part of these problems
can be efficiently solved through the use of a comprehen-
sive library of known functional domains with only a
moderate and quite acceptable increase in the required
computation (CPU) time. This method does not require
a priori knowledge of the pattern and can work also
with domains for which consensus patterns cannot be
developed.

Methods

All calculations were carried out on a SUN 4/390 computer under
the SunOS 4.0.3 operating system (equivalent to UNIX BSD 4.2).
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Program Scan, written in C, compares all segments of a given
length from a query sequence to a database. A window of length
w slides along the sequence at increment steps i and a fast database
search, according to the algorithm of Brutlag et al. [8], is carried
out at every position of the window. The time requirement of
this scanning procedure is proportional to O(W*L*N), where W
is the length of the window, L is the length of the query and
N is the length of the database. In the usual case, a separate data-
base search can be performed at every residue of the query. In
order to save CPU time, the value of i can be increased and the
searches will thus be performed at every ith residue, i.e., the actual
time requirement will decrease to O(W*L*N/i). For example, anal-
ysis of a 450 — residue sequence with a 50 — residue window in
200 steps using the Shase domain library takes about 2h on a
SUN 4/390 workstation.

Sbhase is an experimental library of annotated amino acid se-
quence segments. The domain sequences were collected from three
sources: (a) protein sequence databases (Swiss-Prot, PIR), (b) jour-
nal articles and (c) as translations from nucleic acid databases
(EMBL, GenBank). Domain boundaries were used as defined by
the original authors or were determined by similarity to domains
with defined boundaries. The present version of Shase contains
over 20000 entries (1287000 residues) and requires a storage capac-
ity of 13 megabytes (Table 1). The entry structure follows that of
the EMBL and Swiss-Prot databases [9], and contains information
on the function of the segment, the name and the database entry
of the original protein sequence from which the segment was de-
rived, the source organism, as well as on the literature source
(Fig. 1).

Results
Detection of domains in C1S heavy chain

The principle of the method is illustrated using the hu-
man complement 1S heavy chain sequence C1SH [10]
as an example. C1SH contains one EGF-like domain,
two C3B/C4B interaction repeats, and two 100-residue-
long repeats. Figure 2 shows the scores obtained when
C1SH was compared to a model database that included
its four constituent domains. In this representation, local
homologies appear as peaks. The efficiency of detection
can be characterized by a signal-to-noise ratio which
increases with the window size (Fig. 2a). However, we
found that a window of 30-50 residues is satisfactory
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Table 1. Examples of entries in the Shase domain-library?*

Structural domains

EGF-like domains 124
Ig-like domains 149
Fibronectin type I1I repeats 79
Other repeat units 2994
Glycine-rich domains 65
Ser/Thr-rich domains 121
Ligand-binding domains
Zn-fingers 126
Calcium-binding domains 501
Other-ligand binding domains 2151
Cellular topology domains
Signal peptides 3121
Transit peptides
(chloroplast and mitochondrial) 390
Extracellular regions 1180
Transmembrane regions 4036
Cytoplasmic regions 965
Prokaryotic sequences 2677

Eukaryotic sequences 18353

? The present version of the Shase domain library contains over
22426 sequences (1287119 residues) and occupies 13 Mb of storage
space

for detecting homologies to most known domain types.
Shorter windows (10-15 residues) show short motifs
more efficiently but may miss some long and very sparse
motifs, like fibronectin type III domains. The value of
the increment step i is the resolution of the plot. Its
value was usually taken as 1 or 2, i.e., a database search
was performed at every (or every second) residue.
When C1S was compared with the Shase domain libr-
ary, using a 50-residue window, similartiy with the re-
peat regions in calcium-dependent serine proteinase
CASP [11], complement component C1R [12], and bone

; ID 7TLES$DROME-381-501

; AC M00135

; DT 21-Jun-1991 (MANUAL)

; DE REPEAT FIBRONECTIN TYPE III

; DE SEVENLESS PROTEIN (GENE NAME: SEV).

; 08 FRUIT FLY (DROSOPHILA MELANOGASTER) .

; OC EUKARYOTA; METAZOA; ARTHROPODA; INSECTA; DIPTERA.
; RA NORTON, P.A., HYNES, R.O., REES, D.J.G.

; RL CELL 61:15-16(1990).

; DR SWISS-PROT; 7LES$DROME AA 381-501
7LES$DROME-381-501

morphogenetic protein BMP1 [13] became apparent
(Fig. 2b). (Very recently, the same homology was shown
by P. Bork, using a more complex method based on
multiple alignment and amino acid property patterns
[14].

In practice we used two search strategies: (1) to find
local homologies to known domains the query can be
compared to the domain library; and (2) to find new
common motifs with regions that are not included in
the domain-library, the query can be compared to a da-
tabase of functionally related proteins. In both cases,
the time requirement of the analysis can range from
10 min to a few hours, depending on the run parameters
of the database search [8]. We illustrate these strategies
with the example of the rat adducin sequence.

Adducin contains regions similar to actin-binding domains
of dystrophin and alfa-actinin

Adducin is a membrane skeletal protein of unknown
function that interacts with spectrin, calmodulin and ac-
tin [15, 16]. The sequence of rat adducin has recently
been elucidated [17]. The database search revealed no
closely related proteins, only spurious similarities to
coiled-coil domains of various filamentous proteins were
found. As similarity of coiled-coil regions is in any case
rather unspecific because of the approximate heptade
repeats present in these sequences, we conducted a
search for further homologies with known domains. We
compared 50-residue segments of the rat adducin se-
quence (551 residues in total) with the complete Shase
domain library. In addition to the already known simi-
larity with coiled-coil domains (not shown), this analysis
revealed a similarity with a well-conserved N-terminal
actin-binding region of dystrophins [18] for the region
between residues 380 and 460 of rat adducin (Fig. 3).
In a search for further local homologies we selected the

rtapglerapradggstpltirwamhfpehylasrpfnigygfvdhhgeeldleqgedgdasgetgssawf

nladydcdeyymceilealipytqgyrfrfelpfgenrdevlyspatpayqgtl

; ID ZNFP$SLYCVA-32-53

; AC SB22364

; DT 27-Jun-91

; DE ZINC-FINGER

; DP ZINC FINGER PROTEIN (GENE NAME: Z).

; OS LYMPHOCYTIC CHORIOMENINGITIS VIRUS (STRAIN ARMSTRONG) .
; OC VIRIDAE; SS-RNA ENVELOPED VIRUSES; NEGATIVE-STRAND; ARENAVIRIDAE.

; DR SWISS-PROT; ZNFPSLYCVA; AA 32-53
; DR EMBL; M27693; LCVZFP.

; DR PIR; A32592; A32592.

; RA SALVATO M.S., SHIMOMAYE E.M.;

; RL VIROLOGY 173:1-10(1989).
ZNFP$LYCVA-32-53"
ckscwgkfdslvrchdhylcrhl

Fig. 1. Sample entries from the Shase domain
library. ID Entry identifyer; DE domain name;
DP name of parent protein; OS the source or-
ganism; OC taxonomic information; R4 and
RL literature source; DR cross reference to
other sequence databases
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Fig. 2a, b. Segment analysis of the complement component C1S
heavy chain sequence. Optimal scores of comparison plotted as
a function of sequential position, showing the EGF-like domain,
C3B/C4B interaction repeat, and R1 long repeat of C1S. a Signal

Score Segment

16 (385-435)
16 (387-437)
16 (389-439)
16 (391-441)
15  (393-443)
16 (395-445)
16 (397-447)
16  (399-449)
16 (401-451)
17  (403-453)
18 (405-455)
17 (407-457)
17  (409-459)
18 (411-461)
16 (413-463)
16 (415-465)
16 (417-467)
16 (419-469)
16 (421-471)
17  (423-473)
15 (425-475)
a 15 (427-477)

Fig. 3a, b. Comparison of the rat adducin sequence to the Shase
domain library. a List of best scoring domains (detail). Segment

Entry

HMP3$DROME-1-190
DMD$CHICK-1-244
TRSR$HUMAN-89-760
FCN3$DROME-371-520
FNBA$STAAU-37-99
DMD$HUMAN-1-240
MYSG$CHICK-1-848
DMD$HUMAN-1-240
CACT$CHICK-1-177
DMD$MOUSE-1-240
DMD$MOUSE-1-240
DMD$MOUSE-1-240
DMD$HUMAN-1-240
DMDS$HUMAN-1-240
DMD$MOUSE-1-240
DMD$HUMAN-1-240
DMD$MOUSE-1-240
DMD$HUMAN-1-240
DMD$MOUSE-1-240
DMD$MOUSE-1-240
METHSECOLI-642-870
DMD$MOUSE-1-240

a function

Domain name

GLUTAMINE-RICH
ACTIN-BINDING.

EXTRACELLULAR

INTRACELLULAR.

EXTRACELLULAR

ACTIN-BINDING. HUMAN ADDUCIN
GLOBULAR HEAD HUMAN DYSTROPHIN
ACTIN-BINDING. MOUSE DYSTROPHIN
TWO REPEATS CHICK DYSTROPHIN
ACTIN-BINDING.

ACTIN-BINDING.

ACTIN-BINDING.

ACTIN-BINDING. HUMAN ADDUCIN
ACTIN-BINDING. HUMAN DYSTROPHIN
ACTIN-BINDING. MOUSE DYSTROPHIN
ACTIN-BINDING. CHICK DYSTROPHIN

ACTIN-BINDING.
ACTIN-BINDING.
ACTIN-BINDING.
ACTIN-BINDING.
COBALAMIN BINDING
ACTIN-BINDING.

Human adducin

analysis of human adducin (sample output). b Alignment of human

Human alfa-actinin
Chick alfa-actinin
b Mola alfa-actinin

to noise ratio (peak height divided by average baseline value) as

of window size w. b Multiple alignment of the long

repeats of C18S with those found in C1R, calcium sensitive protein-
ase and bone morphogenetic protein

390 400 410 420
YTMREP HVERITKHK -~ - - - EVEIPATVTAHVFERDEVPVPAT-
DAYERENVQKKITF TKWVNAQF|JKF GKQH I ENIJFISDLYDERRLLI LI
DAYEREQVAKKITF TKWINAQF|JKF GKQH I DNIfFISDLGDJKRLLI LI
DOYEREQVGKKTF TKWINAQFAKCGRRCIEDI|ENDFHDGRKLLATIL
10 20 30 40
450 460
-ROH JKEK--TR--WINTHNTYLRV---NVADEVQH
EGLT! HKEK[GS TRVHAINNYNKALRVLQNNNVDLV -
EGLT HKEKGS TRVHAINNYNKALRVLOKNNVDLV-
ECLT STRVHAYNNVNKALQILQRNNV-DLV-
50 70 80
- (126-145)
- G (77-98)
- G (77-98)
JTP~K (77-98)

adducin region 380-480 with actin-binding domains of dystrophin
and of adducin segment 125-145 with alpha-actinins
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known actin-binding proteins as a database (70411 resi-
dues in total) and scanned the adducin sequence with
a 15-residue window. This analysis confirmed the simi-
larity to dystrophins, but also showed an additional re-
gion of homology between residues 120 and 150 to the
actin-binding domains of alfa-actinins. Multiple align-
ment of these sequences revealed a motif conserved
among several species which maps to the actin-binding
domain of alfa-actinins (Fig. 3b). As actin cross-linking
proteins are known to contain both coiled-coil repeats
and actin-binding domains [18], it appears that rat addu-
cin may have a domain structure similar to this group
of proteins. We note that this homology could not be
detected using the Prosite [3] or KeyBank [4] collection
of sequence patterns (data not shown).

Discussion

Database searches and pattern searches are two extreme
methods that are available to predict the biological func-
tion of a newly determined protein sequence. Database
searches by the current algorithms (cf [8]) are rapid and
require no prior knowledge on the expected alignment;
however, they are not very useful for detecting distantly
related domains. Pattern matching methods, on the
other hand, are strongly limited by the number of known
sequence patterns, which is small as compared to the
number of known domains. Here we describe a method
that requires slightly more CPU time than simple data-
base search or pattern matching, but that makes it possi-
ble to detect local homologies which may not be detected
by those methods. As the domain library contains sever-
al examples for most known domain types, this type
of analysis is less sensitive to single mismatches than
pattern matching. The results appear as a list of local
homologies to known domains that can yield informa-
tion on possible structural similarities, binding functions
or cellular location of individual sequence regions. In
other terms, the amino acid sequence is transformed into
a sequence of possible domain homologies that is quite
simple to evaluate. The procedure of pattern verification
is not automated, however. The experimenter still has

3

to decide if a local homology is “meaningful” or not,
which may introduce a certain measure of subjectivity.

Copies of Scan and Shase can be obtained on request
from S. Pongor at ICGEB, Trieste (pongor(@genes.ic-
geb.trieste.it).
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