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Protein classification
& functional assignment
There are several collections of amino acid sequence motifs that indicate particular struc-

tural or functional elements.Web-based searches of these collections with a newly identified

sequence allow reasonably confident functional predictions to be made.

the MEDLINE reference in the SWISS-PROT entry,
and a cursory BLAST analysis shows only marginal
similarity to other (putative) L11 proteins.Without more
evidence, it is not clear what RM11_ACACA really is.
It is even possible that it is a GPCR. It should therefore
be called an uninformative hit.

Conclusion
Other important applications of profile searches involve
starting with multiple alignments of known sequence
families, using characterized sequences in the public
database. Prebuilt multiple alignments and profiles are
publicly available for hundreds of known sequence
families.The uses of profile databases are discussed by
Kay Hofmann on pp. 18–21.
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A variety of genome and cDNA se-
quencing projects is producing raw
sequence data at a breathtaking speed,
creating the need for a large-scale func-
tional classification effort. On a smaller
scale, the average molecular biologist
can also be faced by a new sequence without any a priori
functional knowledge.Any hint as to whether the newly
identified gene encodes a transcription factor, a cyto-
skeletal protein or a metabolic enzyme would certainly
help to interpret the experimental results and would
suggest a direction for subsequent investigations.

Protein versus domain classification
The first step in addressing this question is usually a data-
base search with BLAST or a similar program (see the
article by Steven Brenner on pp. 9–12). In the best case
scenario, the BLAST output would show a clear simi-
larity to a single, well-characterized protein spanning
the complete length of the query protein. In the worst
case scenario, the output list would fail to show any
significant hit. In reality, the most frequent result is a list

of partial matches to assorted proteins,
most of them uncharacterized, with
the remainder having dubious or even
contradictory functional assignments.

Much of this confusion is caused
by the modular architecture of the

proteins involved. An analysis of known 3-D protein
structures reveals that, rather than being monolithic,
many of them contain multiple folding units. Each
unit, termed a domain, has its own hydrophobic core
and satisfies most of its residue–residue contacts in-
ternally. In order to fulfill these conditions, independ-
ent domains must have a minimum size of ~50 residues
unless they are stabilized by metal ions or disulfide
bridges.Analysis of protein sequences corroborates this
structural notion; sequence pairs frequently exhibit
localized regions of similarity, the remainder of the pro-
teins being totally dissimilar. A folding independence
for all of these so-called homology domains has not
been demonstrated experimentally. However, they do
show context independence; that is, they can occur 
in various domain arrangements and are occasionally
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found inserted into a sequence that is uninterrupted in
other proteins.

When discussing protein classification, it is impor-
tant to note that the homology domains also frequently
harbor independent functions. Some domains have
enzymatic activity, others bind to small messenger
molecules and others specifically bind to DNA, RNA
or proteins.A multidomain protein can therefore have
more than one function and belong to more than one
protein family or class. For this reason, most of the cur-
rent approaches to protein functional classification
focus on domains rather than complete proteins.

Tools for superfamily assignment
Several research groups have tried to group protein se-
quences into families and superfamilies.The various
approaches differ in their degree of automation, their
comprehensiveness, their focus on complete proteins or
protein domains and the methodology used. Some of
these efforts are aimed exclusively at the classification of
existing sequence data. Others go one step further and
aim to extract the essential features from the sequence
families and to store them in the form of domain or
motif descriptors.The descriptors can then be used
for searches with user-supplied protein sequences.The
high sensitivity of these searches has proved to be most
useful for the functional assignment of unknown pro-
teins. A parallel development, which will not be dis-
cussed here, is the classification of protein 3-D structures.
A comprehensive discussion of this topic can be found in
Ref. 1, and URLs for some of the resources available via
the World Wide Web (WWW) (e.g. SCOP and CATH)
are given in the article by Minoru Kanehisa on pp.24–26.

Some of the most popular collections,which honor
the modular nature of proteins, are briefly discussed
below. The corresponding WWW addresses are listed
in the URLs box. Most of the databases and associated
search tools can also be downloaded by ftp (see Table 1).

The PROSITE pattern library was one of the
pioneering efforts in collecting descriptors for func-

tionally important protein motifs2,3. It is based on a
regular expression syntax, which emphasizes only
the most highly conserved residues in a protein family.
A PROSITE pattern does not attempt to describe a
complete domain or even protein, but just tries to iden-
tify the most functionally important residue combi-
nations, such as the catalytic site of an enzyme. The
PROSITE expression K-x(1,2)-[DE] would mean a
lysine (K) residue, followed by one or two arbitrary
residues (x), followed by a residue that is either aspar-
tate (D) or glutamate (E). A pattern is found to be
either present or absent in a given sequence; no inter-
mediate scores are assigned. Currently, the PROSITE
pattern library contains 1292 entries and is thus the most
comprehensive collection available.As an added bonus,
all motifs have an extensive documentation with refer-
ences to the literature. However, it should be noted that
the PROSITE’s syntax is too rigid to represent highly
divergent protein families. In addition,many of the short
patterns do not contain enough information to yield
statistically significant matches in today’s large protein
databases.Thus, a certain number of false positive hits is
to be expected when carrying out a database search, and
any hit reported after scanning the PROSITE database
with a sequence has to be treated with due caution.

In order to overcome these problems, the PROSITE
pattern library has been supplemented since 1995 by
the PROSITE profile library3. Generalized profiles4

(see the article by Sean Eddy on pp. 15–18) are at an
intermediate position between a sequence-to-sequence
comparison and the matching of a regular expression
to a sequence. Well-conserved positions in a protein
family get a high weight in the calculation of the
alignment score,whereas less well-conserved positions
get a lower weight instead of being totally neglected.
The PROSITE profiles try to cover complete domains
whenever possible.Their format is adapted to the gen-
eral PROSITE format, although they need a different
set of programs for searching against protein sequences.
Each sequence-to-profile match is assigned a score,
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Database Available by ftp from: Search Available by ftp from:

PROSITE patterns ftp://ftp.expasy.ch/databases/prosite Various Listed in: http://www.expasy.ch/cgi-bin/ 
lists?prosite.prg

PROSITE profiles ftp://ftp.isrec.isb-sib.ch/sib-isrec/profiles pftools ftp://ftp.isrec.isb-sib.ch/sib-isrec/pftools/
Pfam ftp://ftp.sanger.ac.uk/pub/databases/Pfam HMMER ftp://ftp.genetics.wustl.edu/pub/eddy/hmmer
Pfam ftp://ftp.isrec.isb-sib.ch/sib-isrec/profiles pftools ftp://ftp.isrec.isb-sib.ch/sib-isrec/pftools/
(PROSITE format)

SMART Not available HMMER ftp://ftp.genetics.wustl.edu/pub/eddy/hmmer
BLOCKS ftp://ncbi.nlm.nih.gov/repository/blocks BLIMPS ftp://ncbi.nlm.nih.gov/repository/blocks/unix/ 

blimps/
PRINTS ftp://ftp.biochem.ucl.ac.uk/pub/prints FPScan Not yet available
PRINTS ftp://ncbi.nlm.nih.gov/repository/blocks BLIMPS ftp://ncbi.nlm.nih.gov/repository/blocks/unix/ 
(BLOCKS format) blimps/

ProDom ftp://ftp.toulouse.inra.fr/pub/prodom BLAST ftp://ncbi.nlm.nih.gov/blast/
SBASE ftp://ftp.icgeb.trieste.it/pub/SBASE BLAST ftp://ncbi.nlm.nih.gov/blast/

Table 1. Motif databases downloadable for local use
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which can be translated into a statistical confidence value.
Two different cutoff values are specified for highly sig-
nificant or borderline matches, respectively. In the
PROSITE library, profiles are used mainly in those
cases where patterns fail.Only 56 profiles are in the cur-
rent release of PROSITE, with an additional 300 in a
prerelease state; they can be searched and downloaded
but they do not come with a proper documentation
according to PROSITE standards.

The ProDom database was the first comprehensive
collection of complete protein domains5,6. It is con-
structed from SWISS-PROT in a fully automatic
fashion.As a consequence, the domains are denoted only
by cluster numbers and do not contain any biological
annotation. Moreover, the automatically determined
domain boundaries are unreliable and the associated
search methods are not very sensitive.

Pfam,which evolved from ProDom, is a collection of
hidden Markov models (HMMs) that are conceptually
related to the PROSITE profiles7,8.The Pfam models
typically span complete protein domains and can be
searched with the HMMER package or on a Web-
based server.The current release of Pfam (2.1) contains
527 models; the next release (3.0), which is imminent,
will raise this number to 806. Similar to the PROSITE
profiles, the Pfam models are refined iteratively, starting
from clear homologs and incorporating increasingly

distant family members in the process. Because of 
their information-rich descriptors, both collections are
able to detect even very distant instances of a protein
motif that are rarely found by any other method. In
contrast to PROSITE, the Pfam entries are generated
semi-automatically, which accounts for a slightly lower
sensitivity, compensated for by a much easier update pro-
cedure. The Pfam documentation is minimal but fre-
quently contains pointers to the corresponding PROSITE
entry. As Pfam models and PROSITE profiles can be
interconverted4, combination searches are possible and
are offered on the WWW.The SMART database is an
independent collection of 181 HMMs focusing on
protein domains involved in signal transduction9.

BLOCKS10 and PRINTS11 are two motif databases
that represent protein or domain families by several short,
ungapped multiple alignment fragments. The current
release of BLOCKS (10.1) contains 972 families, which
are derived from PROSITE patterns. The current
release of PRINTS (19.0) contains 925 families, some
of which are based on PROSITE entries and others of
which have been derived independently.The PRINTS
motifs are also refined iteratively, resulting in an
increased sensitivity compared with BLOCKS. A par-
ticular strength of PRINTS is the extensive documen-
tation of the entries, which is comparable to that of
PROSITE. Because of their similar structure, BLOCKS

Fig. 1. Example output from three Web-based domain identification servers, using the same protein (human Vav oncogene, SWISS-PROT
VAV_HUMAN) as the query. (a) The output of the PROSITE profile server at the Swiss Institute for Experimental Cancer Research (ISREC),
Epalinges, Switzerland. The domain names in the hit list are links pointing to further information on the domains. (b) The output of the 
SMART server at the European Molecular Biology Laboratory (EMBL), Heidelberg, Germany. The colored boxes are links pointing to the 
domain information. (c) The graphical output of the Pfam server at Washington University, St Louis, MO, USA.The textual output, which con-
tains links to the domain information, is not shown here.
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and PRINTS can be searched with the same programs,
and some Web servers combine both searches.

What next?
After reading the above comparison of available super-
family classification tools, one might ask such questions
as, ‘Should I use domain database searches instead of
BLASTing?’ or, ‘Which of the databases should I use?’
The answer is simple. Whenever possible, one should
use all of them, and BLAST too.Although the domain
databases do have considerable overlap, they all have
their particular strengths. Thus, domains important in
signal transduction are likely to be found with the
PROSITE profiles or SMART; Pfam excels at extra-
cellular domains, and the PROSITE patterns are good
at identifying enzyme classes by their active-site motif.
Even where the domain databases overlap, the apparent
redundancy adds to the reliability of the classification.
The output of three different classification servers
using the same query protein is shown in Fig. 1.

The number of available domain descriptors should
not be overestimated as a quality criterion, as the data-
bases and the associated search methods differ in gener-
ality and sensitivity.For example, the relatively small pre-
release library of PROSITE profiles detected 70 highly
significant domain matches in a collection of 880 yeast
genes classified as having no similarity to anything.
Pfam 3.0 reported 36 matches, whereas the PROSITE
pattern collection found 114, many of which were
probably false positives.

An additional problem, which cannot be discussed
here in sufficient detail, is the refinement of the super-
family classification. Most of the motif databases try to
be as general as possible. For example, one would not
expect to find an entry for glucose transporters, but
rather one for a sugar transporter motif or possibly one
for an even more general transporter family. It would
be desirable that a superfamily classification system,
after reporting a match like this, offers a subfamily
classification predicting what kind of transporters the
query protein belongs to. Unfortunately, such a system
does not yet exist. The most promising approach to

predicting the exact function of a protein is to find its
characterized ortholog from a different species. As
long as we have to work with incompletely sequenced
genomes, there is always the chance that the real
ortholog is not yet known and that the best database
hit is just a well-conserved paralog that fulfills a
related but different function12. If the best match in a
database search reads ‘glucose transporter, brain iso-
form’, one should check if the sequence is really much
more closely related to the known glucose transporter
than to other transporters12,13. It is particularly danger-
ous to make too detailed predictions: the conclusion
that the query represents the brain isoform of a glucose
transporter is most probably exaggerated, and not only
when dealing with a yeast sequence. Fully automatic
prediction systems are very prone to this kind of mis-
take14, and the databases contain large amounts of
grossly misannotated sequences.

It might appear that using a combination of
domain database searches, BLAST searches and sub-
family classification is too much effort for the analysis
of a single sequence. However, if one considers how
many months of experimental work have been spent
on the identification of the protein and the determina-
tion of its sequence, it might be worth a few extra
hours of computing time too.
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PROSITE homepage
http://www.expasy.ch/sprot/prosite.html   (Refs 2,3)

PROSITE pattern scan
http://www.expasy.ch/sprot/scnpsit1.html

PROSITE profile scan
http://www.isrec.isb-sib.ch/software/PFSCAN_form.html

(Also searches Pfam and PROSITE patterns)

PROSITE frame-tolerant profile scan
http://www.isrec.isb-sib.ch/software/ 

PFRAMESCAN_form. html

(For searching error-prone DNA sequences such as ESTs)

Pfam homepage
http://www.sanger.ac.uk/Software/Pfam/   (Ref. 7)

Pfam HMM scan
http://www.sanger.ac.uk/Software/Pfam/

HMM_search2.shtml

Pfam HMM scan
http://pfam.wustl.edu/cgi-bin/hmm_page.cgi

SMART homepage
http://coot.embl-heidelberg.de/SMART/   

(Ref. 9. Also searches Pfam)

BLOCKS homepage
http://www.blocks.fhcrc.org/   (Ref. 10. Also searches PRINTS)

PRINTS homepage
http://www.biochem.ucl.ac.uk/bsm/dbbrowser/PRINTS/   

(Ref. 11)

ProDom homepage
http://protein.toulouse.inra.fr/prodom.html   (Ref. 6)

SBASE homepage
http://base.icgeb.trieste.it/sbase/   (Ref. 15)

Ortholog detection
http://www.bork.embl-heidelberg.de/Blast2e/   (Ref. 12)


