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ABSTRACT 1. INTRODUCTION

For large scale structural assignment to sequences, as in
computational structural genomics, a fast yet sensitive
homology search procedure is essential. A new approach
using intermediate sequences was tested as a shertcut to
iterative multiple sequence search methods such as PSI-
BLAST and hdden Markov models. A library containing
potential intermediate sequences for proteins of known
structure (PDB_ISL) was constructed. The sequences in the
library werc collected from a large sequence database using
the sequences of the domains of proteins of known structure
as the query sequences and the program PSI-BLAST.
Sequences of proteins of unknown structure can be matched
to distantly related proteins of known structure by using any
pairwise sequence comparison methods to find homologues in
PDB_ISL. Searches of PDB_ISL were calibrated, and the
number of corvect matches found at a given error rate was the
same as that found by PSI-BLAST. The advantage of this
library is that it uses pairwise sequence comparison methods,
such as FASTA or BLAST?2, and can, therefore, be searched
easily and, m many cases, much more quickly than an
iterative maultiple sequence <comparison method. The
procedure is roughly twenty times faster than PSI-BLAST for
small genomes and several hundred times for large genomes
such as C. clegans.

Sequences can be submitted to the PDB_ISL servers at
http://stash.mre-lmb.cam.ac.uk/PDB_ISL/
ttp://ftp.ebiac.uk/pub/databases/pdb_isl/
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The fastest and eastest way of matching two sequences 1s by
pairwise sequence comparison methods — However, protein
sequences can diverge to such an extent that these types of
comparisons fail to detect evolutionary relationshups  For related
proteins that have sequence identities of 20-30%, only one-half of
the relahonships can be detected by pairwise sequence
comparisons, and for related proteins with lower 1dentiies, the
proportion 1s much smaller [3]. The hmutation of pairwise
sequence comparison methods can be overcome, at [east in part,
by using multiple sequences to build faimily-specific profiles as in
ndden markov models {15, 4] and PSI-BLAST [1] These models
can be butlt m different ways One 15 iterating searches over a big
sequence database to utilise intermediate homologues of the query
sequence to find more distani ones [27] Another 15 building
models from sets of prealigned sequences [2] Both the model and
the non-medel based algortthms can benefit from weration
Examples of iterative sequence search procedures are PSI-BLAST
and the SAM-T98 iterative HMMs [14] From an assessment of
these methods [19] 1t is evident that PSI-BLAST and SAM-T98
do about three times better than parwise methods at detecting
relationships between homelogous sequences whose identities are
less than 30%. The disadvantage of these methods, especially
with model based ones, 1s that they can be slow (due to the large
number of matches that are made for ¢ach query, cspecially with
large sequence familics such as immuno globin domain} to an
extent that makes large-scale searches prohibitive

2.1 INTERMEDIATE SEQUENCE SEARCH
(ISS) PROCEDURES FOR PROTEINS OF
KNOWN STRUCTURE

Here we describe a procedure thai, for matching genome
sequences to profemns of known structure, circumvents the speed
problem associaicd with sterative methods  PSI-BLAST s first
used to collect, from a large sequence database, homologues of
the sequences of proteihs of known structure We call this
collectton Intermediate Sequence Library (ISL) and more
specifically. the PDB-termediate sequence hibrary (PDB_1SL)

We then show that using FASTA (Pearson and Lipman, 1988) to



carry out these matches produces the same number of hits as PSI-
BLAST and 1s much faster for large-scale searches

Know:ng the fold of a sequence can be desirable for several
1easons, the most common being that the structure gives clues as
10 the function of the sequence These clues can be etther general,
such as that Rossmann folds bind NAD(P), or specific, such as the
function of a particular 1esitdue  Having an indication as to the
structure of a proten also gives information on its evolutionary
relaionships and hence on the development of the proten
repertorre  In the hight of structural genomics projects [22. 26],
assigning structures to sequences 15 essential, and several attempls
1o do this for the small bacterium Mycoplasma gemitalium [28, 6,
12. 23} as well as for veast [25] and other completely sequenced
genomes |8, 30] have been made,

Previously we have described an intermediate sequence search
method (1S5S, {17]) It 15 based on the fact that two related
sequences. which have diverged beyond the point where their
homology can be recognised by pairwise sequence comparisons,
can both be matched by a third sequence that is suitably
intermediate between the two The principle underlymng this 1s
that biological sequence homology is transitive within the
homology definition set by structurai swnilarity As protein
structure 15 more conserved than sequences, this holds true in
general for biology The ISS procedure simply consists of two
panwise sequence searches, and for distantly related protewns it 15
one and a half times more sensitive than a single pairwise
sequence search A similar approach called FPS [9. 10] also
showed the effectiveness of vtihising related famuly members
(ntermediates) i homology searches

Ihe use of only one intermediate 15 not as sensittive as the
multiple sequence methods mentioned above Here the idea of an
mntermediate sequence hibrary for PDB domain sequences s
extended by collecting sequences homologous to the PDB
sequences using the iterative muluple sequence features of PSI-
BLAST rather than a parwise algorithm like FASTA. In other
words. mstead of two pawrwise sequence searches, a pairwise
sequence search is done on a pre-computed hibrary of sequences
found by PSI-BLLAST  For structural assignment, this hibrary
enables a single pairwise sequence search to be as sensitive as
PSI-BLAST searches with each of the PDB domam sequences
The advantages over using PSI-BLAST directly over a sequence
database are

(1) Speed. 1t searches a much smaller pre-selected
hbrary of sequences with structural homelogues.

(2) Relability 1t 1s more reliable, because the
intermediate sequence library can be calibrated and
avtomatically edited to remove sequence with
characteristics that give mismatches, 1 e matches to two
PDB sequences of unrelated structure Also, from the
search result, users can see the consistency of matches
as  protein  structural  classification  information s
atached 1n the search output (which 1s not possible m
any other search algorithm)

fhe Ibrary 1s available by fip or can be searched against via the
PDB_ISL server over the WWW (URLs as below)
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2.2 CREATION OF THE PDB
INTERMEDIATE SEQUENCE LIBRARY

The structural, functional and evolutionary umit 1n proteins is
called a domait. Since domawmns are combined in different ways
in proteins. PDB_ISL must consist of separate domains to avord
relating two sequences which may only share one of several
domains (the multidomain problem) The domain 1s the unit of
classification n the Structaral Classification of Protemns (SCOP)
dalabase {16] and PDB_ISL uses the library of domains and their
defimtion 1  version 138 of: SCOP The sequences
corresponding to SCOP domains will be denoted as PDBD
sequences {multiple domains that are always found i the same
arrangement in association with one another in the set of currently
solved structures are considered as a single unit in SCOP  these
constitute about 9% of the superfamilies in SCOP, hence only a
small part of the PDB95D and PDB40D databases mentioned
below ). PDB_ISL 15 not restricted to SCOP classification, but 1t
can be produced from other domain databases such as DDD (Dals
Domawm Dictionary hilp //www2 ¢by ac uk/dali/domain/2 (/).

Since PDB 1s highly redundant, contaming many variants of
proteins that differ only in the presence or absence of a substrate
or by an engineered mutation, a set of the PDBD sequences
filtered to 95% sequence identity was used here The resulting
database, PDB95D, contains 3,206 sequences and 1s available
from the SCOP website (http //scop mrc-lmb cam ac uk/) In the
work described here, we used an edited version of PDB95D from
which we removed those sequences that have characteristics that
are hikely to produce false matches with good E (cxpectation)
values These mclude membrane protemns. proteins with high
cysteine or leucine contents and colled coils (459 sequences have
been removedy  This version of PDRO5D, called PDBISD-L, 15
available at the PDB_ISL server URL grven above

The PSI-BLAST program (version 2 0 6) was used to match the
PDB95D-1 sequences to sequences in a large, non-redundant
represeniative sequence database filtered w0 90% sequence
wentity, called NRDB90O (July 1998 verston. [11] PSI-BLAST
begins with an mutial BLAST2 search that collects homologues
from the database that match the query sequence with E-values
below a threshold defined by the user. A position-specific matrix
15 butlt from the alignment of these sequences The sequence
database 15 then searched with this profile, and sequences that
match with a score below the threshold are used to builld a new
matrix for the next round of searching  This process 1s continued
o convergence, 1€ to the pomnt at which no new sequences are
found by the profile, or untd the iteration number specified by the
user 1s reached Here, we used the PSI-BLAST parameters that
had been found to be effective n giving a good coverage to error
ratio {191 an L-value threshold of 0 Q0035 for the selection of
homologous sequences for the PSI-BLAST profile. allowing up to
20 iterative searches, and an E-valuc threshald of 1073 to be
considered significant for a mateh between the query profile and a
target sequence The error per query using thesE-values was
estunated to be about 1%

fhe names of the regions of the NRDBYD sequences that were
found to match PDB95D-1 sequences were "attached” to the
PDB95D-1 sequences, so that the PDB_ISL library has the
following FASTA format



>ADHZ_HORVU_178-320_dlagna2 3.22.1

GISTGLGATLNVTSCIENCEISGREATKPEKGMTVAIFGLGAVG
LAAMEGARMSGASRIIGVDLNPAKHEQAKKFGCTDFVNPKDHTK
ITHANKMARYANA

ADII2 HORVU 178-320 1s an mtermediate region of a domawmn
structure dlagna2 in SCOP superfamily 3 22.1 This large set of
sequences was filtered to remove 100% identical mtermediates
using the program nrdb (nrdb2 htip /blast wustl edu/pub/nrdb/)
I'he tedundancy in this initial database 15 due to related PDB
sequences matching the same sequence 1n NRDBS0 739,820
sequences were removed from 1,162,385 resulung 1n 422,550
Low-complextty regions were removed using the SEG program
{Wootton and Federhen. 1993) To reduce the "edge effect”, the
N- and C-termunal 3 residues of each ISL sequence were
tuncated By edge effect. we mean the fact that search methods
sometimes extend a match from a high-scormg into a low-scoring
region as discussed i Park e af (1997) [17]  As mentioned
above, this effect can potentially cause problems in multi-domain
proteins 32,614 sequences, which contained regions of overlap
due to the edge effect, were removed (a threshold of 30 residues
overlap was used for an imtermediate sequence when attached to
two unielated PDB domains, so the erroneous intermediates were
those attached to two folds in the same sequence region ) The
final database contains 389,936 sequence regions. about one-
quarter of the size of NRDB90 in amimno acids, and 15 therefore
much faster to search

3. ASSESSING PAIRWISE SEQUENCE
SEARCH PROCEDURES FOR PDB_ISL

To assess the optunal parameters for pairwise sequence search
programs on PDB ISL. a database with sequences of low
similarty and known evolutionary relattonships was used  This
datubase 1s denved hom sequences of known structures in SCOP
Fhus s because the SCOP database conlamns a description of the
evolutionary refations of proteins that are apparent not just from
sequence suntlanties, but also from structural and functional
features The complete assessment package (SAT, [20]) s
available from ftp //ftp ebt ac uk/pub/contrib/jong/SAT

The unit of classificauon i the database 15 the protein domain
Domains are clusiered together into Families 1f they have close
evolutionary refattonships  Superfamtilies bring together Families
whose proteins have low sequence identities but whose structural
detarls and. 1 many cases, functional features suggest that a
common evolutionary ongin 1s very probable, for example, the
variable and constant domains of immunoglobuling

To test the search programgon PDB_ISL, we measured the extent
to which they could detect the evolutionary relationships
described in the SCOP database As there are few problems in
findug relationships between protems that have 40% or more
sequence 1dentity, we used a set of sequences that have pairwise
identities of 40% or iess  We call this set PDB40D  As for
PDBY5D. membrane proteins and the other types of protetns
pronc to errors in sequence comparison were omitted (189
sequences removed), such that the resutong database, cailed
PDBA0OD-1. contains 1,567 sequences It has 283 PDB domains
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that are untque representatives of their superfamily and 1,284
PDB sequences 1n 261 superfamilies which have 2 or more
members This version of PDB40D does not in fact perform better
compared to the previous versions that contained membrane
proteins efc . because the low complexity regions of the query
sequences are always masked

The 1,567 sequences can form 1,226,961 chfferent pairs.
According to the SCOP classification version | 38, 6.964 of these
pairs are between protewns that have an evolutionary relationship
at the famuly or superfamily level. (848 pairs between protemns o
the all-o class, 3,025 m the all-B class and 3,006 n the o/f or
o+p classes and 20 in the mulii-domain class )

Pairs of sequences in the same superfamily are defined as
homologous for the purposes of testing sequence comparison
procedures on PDB_ISL SCOP iends to be somewhat
conservative n that o requires what its authors regard as good
evidence (o put structures into the same superfamilics rather than
just the same fold category Therefore, the 6,340 paws of
sequences that have the same fold, but are not in the same
supcrfamily, are defined as being of uncertain relationship Hence
such relatonships are scored as neither true positives nor false
positives, but simply as neutral  Non-homologous pairs are
formed by any two sequences that have ditferent folds (There
are 1,213,652 non-homologous paurs in PDB40D-1 )

In the assessment of pairwise sequence comparison methods
carried out [3], the error rate was given as the error-per-query rate
(EPQ), which s the number of non-homologous matches divided
by the number of query sequences For an EPQ rate of 1% or
less, the program FASTA [21] version 3.0 with k-fuple=1 15 able
to detect 18% of the evolutionary relattonships described m
SCOP. The conventional BLASTP algorthin is able o detect
11% of the relationships In an assessment of the multiple
sequence comparison metheds SAM-T98 [14], PSI-BLAST and
ISS, the error rate 1s reported as the rate of false positives (RFF)
because there 1s no method for calculating statistical scotes for the
first of these methods. RFP is the fracuon of false positives made
n the search divided by the total number of possible [alse
relationships n the daabase. For the database used by Park et af
(1998), an EPQ of 1% corresponded to an RFP of 1/50,000. At
tms RFP, SAM-T98, PSI-BLAST and ISS {ind 353%, 30% and
25% of the evolutionary relationshps described in SCOP We are
assuming rouvghly the same proportion of coverage at the same
error rates was obtamed when creating PDB_ISL, as the
PDB40D-1 database and the NRDB90 database used would be
very similar (though updated) 1o those in the assessment of Park
et al (1998)[19]

To calibrate the FDB_ISL for different sequence comparison
methods, the 1,567 sequences in PDB40D-! were seavched against
PDB ISL The three sequence comparison methods used were
FASTA (ktuple=1), SSEARCH, and BLAST2 (PSI-BLAST
without itcrations)  As m Park ez of (1998), coverage 15 plotted
4s the fraction of homotogues detected out of all the pairs of
homologues w PDB40D-L (6,964). An EPQ of 1% (16 false
positives) was used to compare the coverage obtained with that in
previous assessments See Figure |
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Figure 1 Vhe performance of PDB_ISL with different pairwise
search methods The coverage 1s shown on the Y-axis as a
traction of the 6,964 SCOP evolutonary relationships o the
PDB40D-1 database The number of errors accumulated at
increasing E-values 15 shown on the X-axis ThE-values at the
arrow represent the coverage at 16 crrors, a2 1% error rate The
two solid lines are for FASTA and SSEARCH and the dotted line
1s for BLASTZ2

The covernge for FASTA and SSEARCH against PDB_ISL is
28 8% at a 1% error rate, and the E-value thresholds are 0 085
and 0016 respectively  This is nearly the same as the
performance of PSI-BLAST (30%) and higher than 1SS (25%) as
found 1n the assessment by Park ef o/ (1998)[19] using an older
PDBA40D database BLAST2 coverage with PDB_ISL at a 1%
error rate was only 23 8%. The results are plotied in Figure 1
Gong beyond a single neration of PSI-BLAST, where a single
tteratron  corresponds to BLAST2, affected the performance
negatively. because errors accumulated without a sigmficant
merease m coverage  An E-value threshold of 001 s
recommended for searching PDB_ISL with SSEARCH and 0 05
wih FASTA (o obtain an opiimum coverage with a low error rate

This means that FASTA on PDB ISL s attaining essentially the
same coverage-{o-crror ratio as a full PSI-BLAST scarch on a
large sequence database such as NRDB90 Hence the profile 1s
not providing much additional information above and beyond that
1 the collection of intermediate sequences However, 32,614 out
of 422,550 mtermediate sequences mn PDB_ISL that match
PDB40D-1 sequences in different folds were automaucally
removed i creating the PDB_ISL It appears that such sequences
arc down-weighted when within 2 profile, but kad to an
accumulation of errars 1n an intermed:ate sequence search This 1s
a general problem of a repetitive mtermediate sequence search,
also known as walking One single wrong entry 1n PDB_[S1 will
result 1 wrong matches This 15 ene of the reasons why 1t 1s
critical to remove all the mismatching intermediates m PDB_ISL
through manual and automatic ediiing at the stage of construction
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4. TIME REQUIRED TO SEARCH PDB_ISL

To ulustrate the gain in speed of using FASTA with PDB_ISL
over PSI-BLAST with a large sequence database. searches with
PDB sequences of different lengths were carried out The speed of
the FASTA search depends only on the query sequence length
The speed of the PSI-BLAST scarch depends on the query
sequence length, number of homologues in the database and the
number of iterations before the search converges The platform
used was a DEC Alpha 21164, 500 MHz processor, with 1 GB
memory and a UNIX operating system  Table | shows the
¢lapsed times for the searches carnied out  For short sequences
less than 200 residues n length which converge after 5 or fewer
iterations, PSI-BLAST 1s as fast or 10-30 seconds faster than the
FASTA search For longer sequences, or sequences which have
many homologues in the database, FASTA is at least a minuic
faster and can be up to 23 munutes fasier (PSI-BLAST becomes
extremety slow for sequences that collect a Jot of homologues and
stretch the imuts of avallable memory }

Seq Length [PDB ISL & PSI-BLAST & NRDB9)
FASTA

lierauen| Time |lteration| Tine
124 050 1 023 18 283
131 050 1 028 3 036
356 119 8 247
609 141 2 1 09
792 151 10 24 4

Table 1. Times taken for searches Sequences of different lengths
using FASTA with PDB_ISL, and PSI-BLAST searches with
NRDBS0 The elapsed times are mimutes taken on a DEC UNIX
Alpha 21164 500 Mz processor with 1 GB of memory

For sequence searches ivolving large databases, such as entire
genomes, computational efficiency 1s very important Searching
PDB ISL with the Mycoplasma gemialium genome scquences
(468 sequences with an average length of 364 residues) s at least
20 omes faster than domng a PSI-BLAST search with the
parameters described above With a very large genome such as C
elegans (19,099 protemns), searching PDB_ISL will be several
hundred times faster than using PSI-BLAST The two methods
can be combined to obtain an optimal coverage a PSI-BLAST
search with the 2,700 PDBOY5D sequences as queries can be
carried out. and the remaming sequences can be used as queries
for PDB_ISL

In Wolf ef &/ 1999 [30], PSI-BLAST mairices are bulit for each
PDB domam and then saved These are scanned agamnst the
genome sequences to make structural assignments  Figures for the
time taken 1o make these matches are not avatlable, but they will
be similar to PDB_ISL However, use of the final matrix only
does not find as many homologues as if matches are collected at
gach iteration, as 1s done n creatng PDB_ISL Hence, this
method may not be as sensiive as PDB_ISL, and 15 of course



only cyuivalent 10 a one-way PSI-BLAST search starting from the
PDB sequences as querics

5. DISTANT EVOLUTIONARY
RELATIONSHIPS DETECTED WITH
PDB_ISL

A supertamily brings together those families that have low
sequence 1dentities with each other but whose structural details
and. 1 omany cases, fuinctional features suggest that a common
evolutionary origin 15 very probable, for example, the variable
and constant domains of immunogiobulins The fold
classification brings together superfamilies that have the same
secondary structures tn the same arrangement  For most
superfamilies that share a common fold, there 15 good evidence
that they do not have evoluttonary relationships In a few cases,
the situation 15 less clear in that cugrent evidence weakly suppotts
the existence of evolutionary relationships  In these cases, the
superlamilies are kept separate n SCOP until the subsequent
discovery of intermediate structures provides stronger support for
therr merger  Duning the cabibration of PSI-BLAST and FASTA
on PDB_ISL with the PDB40D-I database, several relanonships
of sequences between SCOP superfamilies and even folds were
detected with low, so very rehiable E-values (see Table 2)  There
15 good reason 1o behieve that some of these are in fact distantly
tclated  rather than bemng false maiches by the sequence
L(')I]]pﬂl‘lSOl] program

FOLD |SCOP W SCOP superfamily name
[/ TIM 313 NAD(P)-linked reductase
barrel
317 FMN-linked oxidoreductase
318 Tryptophan biosynthesis enzymes
3010 RubisCo C-terminai domains
3111 Tryphosphate 1somerases
a/c Toroed] 1812 Cyclases
1 813 | Protein farnesyltransferases, B subunit
Right- 262.1 Pectin/pectate lyase
handed
B-helix - 157633 Rhamnogalacturonase A
Rossman 344 FAD/NAD(P)-binding domain
domains
3211 . A nucleotide-binding domain
3221 [ NAD(P)-binding Rossman-fold domawmn

Table 2 Superfamilies which are found to be r¢lated by
PDB_ISL Sequences of the five TIM-barrel superfamilies and
two alpha/alpha toroid and right-handed beta-hehix superfamilies,
as well as the last three superfanulies in the table are found to be
significantly sumilar with PDB_ISL, The SCOP superfamuly
numbers and names are as it SCOP version 1.38
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Five superfamtlies in the B/oc {TIM) barrel fold are matched with
E-values between @ and 2e-36  As pointed out in Wikmanns e al
(1991)f32] and Janccek and Bateman (1996)[13], these
superfamilies are all enzymes with @ common phosphate binding
site covering mainly the last two B-strands 1 the barrel, 7 and
B8. Theretore. although the entries in SCOP do nat share a high
level of structural sumilarity, there 15 evidence for divergence of
these protems based on structural as well as tunctional
sunifanities

In the same way, three nuocleotide-binding superfamilies 1n
separate folds are found related: the FAD/NAD(P)-binding
domain, NAD(P)-binding Rossmann-fold domamns and a
nucleottde-binding  domain.  The nucleotide-binding  domam
superfamily 1s annotated 1 SCOP as “sharing the common
nucleotude-bimding site with and providing o link between the
Rossmann-{fold NAD(P)}binding and FAD/NAD(P)-binding
domams”  Since PDB_ISL, deleccts these relanenships, it 1s clear
that there 15 a signal at the sequence as well as at the structural
level

Two pairs of superfamilies within folds were also detected as
related with very good E-values, Within the nghi-handed § hehx
fold, the rhamnogalacturonase A sequence matches all the pectin
and pectate lyase sequences with very low E-values, even though
these are two different superfamilies  As both of these
superfamilies consist of superhclhices buwilt from turns of three
strands connected by short links, they may be divergently related
Finally, two sequences from the cyclase and protein
farnesyltransferase ([ subunit) superfanulies m the alpha/alpha
toroid fold match with an E-value of 1e-157

6. STRUCTURAL ANNOTATION OF
GENOMES WITH PDB_ISL

In the preceding sections, the speed and sensitivity of PDB_ISL
have been demonstraied  These are the two characicristics which
ar¢ important m a method used {0 assige siructures (o genome
sequences, in other words computational structural genomics
The genome that has been used most widely as a test of different
structural assignment methods is that of the small, parasitic
bacterium Mycoplasma genuaimem (MG). Here. the MG protetnt
sequences were matched to PDB_ISL sequences with FASTA and
an expectation value threshold of 0.05. 44% of the MG protems
and 29% of the amine acids obtained a structural annotation with
this method By using PDB domains as queries and PSI-BLAST
as the search procedure to maich MG sequences embedded 1n a
large database, we found matches to 41% of the proteins and 28%
of the amme acids  Deing an additional PSI-BLAST scaich with
the unmatched MG sequences as queries finds an additional 4%
protens and 4% amno acids  Therefore the "two-way" PSI-
BLAST search 15 the best method, but 1s only a little better than
PDB_ISL assignment

With a minuscule genome such as MG, 1t 1s feasible to do PSI-
BLAST searches for all the PDB domamns and all the MG
proteins However, for larger genomes, this becomes
compulationally prohibiave. The S cerevisiae (SC) genome, for
instance, 1s over 15 times larger than MG and ' efegans (CE) 15
over 4D times larger  Since the number of PDB domamn



sequences 15 the same, 1t makes sense to do a "one-way" PSI-
BLAST search with these sequences as queries  The remaming
unmatched genome sequences can then be used as quenes for a
FASTA search against PDB_ISL With this approach, 15% of the
O clegans sequences amino acids were matched using PSI-
BLAS! and an addiuonal 3% found with PDB_ISL, a gamn of
20%  In SC, 17% of the amune acids were maiched with PSI-
BLAST and PDB_ISL found 3% more, a gain of 18% Ths
means that PDB_ISL can make a conswderable contribution to the
computational side of structural genomics

Many of the addiional maiches found by searching the remaining
unmaiched CE and SC genome sequences agamst PDB_ISL after
an mutial PSI-BLAST search starting from the PDB domains are
due to repetition of a single domain within the proteins For
nstance, using a one-way PSI-BLAST search starting from all the
ummunoglobuiin  supertamuly domamms m SCOP, 334 such
domains are 1dentified in CE Taking the remaining unmatched
regions of the CE proteins, another 53 immunoglobuiin domains
are found n the worm genome This number 15 corroborated by
HMM searches for immunogiobulin domains, where as many as
462 such domains are identified

7. THE PDB_ISL SERVER

Locally nstailed PDB_ISL as a library or database with a
pauwise search aigorithm 1s useful for large-scale structural
assignment for imstance of genomic sequences. This 18 due to the
mcrease in speed as compared to multiple sequence comparison
methods that attam the same coverage The database can be
obtamed by fip from fip //stash mrc-
imb cam ac ub/pub/PDB_ISL;  In addition to tus, a web-based
user mierface 15 available to query individual protein sequences of
mterest  at hitp //stash mre-lmb cam ac uk/PDB_ISL/  and
littp feyrah ¢br ac ub/Serv/PDB_ISL/ A variety of sequence
search methods and parameters are available on the PDB_ISL
server  The page of PDB_ISL search results has SCOP
classificatton and PDB name hnks, so that users can see the
matched structures immediately

On request. the server, all the PDB_ISL related files and
programs are avarlable on a CD-ROM for Linux platform, so that
a taster in-house PDB_ISL server can be mstalled

8. DISCUSSION AND CONCLUSION

We have constructed a hibrary of intermediate proten sequences
for the sequences of protemns of known structure (PDB _ISL) 1t
can be used for tast and rehable assignment of structures fo
sequences

After the completion of this work (ISS server, 1997,
hitp //ofta mre-Imb cam.ac uk/ISS), the efficiency of this
approach has been demonstrated by Salamov e af (1999)[24]
using somewhat sunilar intermediate sequence hibrary for PDB
sequences with PSI-BLAST However, they do not compare the
perfonmance of their intermediate sequence hbrary with the
performance ol PSI-BLAST  This 1s essential to demonstrate
objectively that PDB_ISL 1s a useful tool Equally important 13
the act that PDB _ISL 1s accessible on the WWW as a server and
the database and the server package can be downloaded by ftp for
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critical evaluation, while the intermediate sequence bibrary of
Salamov et af 15 not described as being freely avalable

Using pairwise sequence comparison methads on this database
achieves a similar coverage-to-error ratio for detection of
structural homologues as a normal PSI-BLAST search aganst a
very large non-redundant database with a manimum of 20
iterations. At the same ume, FASTA with PDB_ISL 15 easter to
use and 1s much faster than PSI-BLAST for many sequence
searches Librares can also be made for famuiies of interest thaf
do not have structures, for mstance the hibrary of fanmlies n the
Plam HMM database (2], wluch contained, among other things,
70% of SCOP famulies in 1999 [5] -
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