Bioinformatics: Life Sciences on Your Computer
Motifs, Domains, Patterns

This is supplemetal reading for BOTH the video lecture on Protein Motifs and for the video lecture on
Prosite Patterns and Profiles.

Identifying proteins

Protein sequencing is about 60 years old. The method utilizes the Edman degradation, which is good for
about 10 to 20 amino acids. It is still frequently used to measure short regions at the N-terminus of a
protein. Gel electrophoresis is frequently used to estimate the molecular weight of a protein. 2-D gels can
be used for isoelectric point determination.

Mass spectrometry (also called mass spectroscopy) is very sensitive and has become a hot research field
for identifying new proteins and characterizing known proteins.

Protein domains and motifs
The video lectures have more on this subject but here are some definitions. Note that the definitions
overlap a bit and are a bit subjective.

Profile: quantitative description of motif

Pattern: qualitative description of motif

Signature: protein category

Motif: short, conserved region, also called ‘fingerprint’ - often 10 to 20 amino acids (example: helix-turn-
helix)

Domain: independent unit longer than a motif (>40 aa). example: ATPase domain

Pattern matching

Patterns can be used to categorize sequences. That allows for the searching of pattern databases. A
protein sequence can be entered to see if there are any known pattern matches. Some patterns are short
and easily matched.

The regular expression is used to designate the pattern. Some examples:

One protein phosphorylation motif (there are more than one) has the pattern, [ST]-X-[RK]. That means
serine or threonine, followed by any amino acid, followed by arginine or lysine.

E-X(2)-[FHM]-X(4)-{P}-L is a pattern that translates as E, then any 2 amino acids, then F, H or M, then any 4
amino acids, then anything but P, then L.

X(2,4) means X-X Or X-X-X Or X-X-X-X

A < symbol before the pattern means "at the N-terminus" and a > symbol at the end of a pattern means "at
the C-terminus."

Prosite

The Prosite database (http://prosite.expasy.org/) is a database of patterns and profiles that correspond to
protein signatures. Prosite uses the exact match approach, but many patterns are too short to be specific
enough to avoid false positives.



http://prosite.expasy.org/

There is a green bar in the results section (middle of diagram below) that reads, "hits by patterns with a
high probability of occurrence or by user-defined patterns." Matches under that bar may be false positives,
because the pattern is short and occurs frequently by chance. As you would do with E values, do NOT
conclude irrelevance if the matched pattern is below that bar. Just know that the pattern occurs frequently
be chance and a match might not be biologically relevant. You will only see results under the bar if you
unclick the box that reads, "exclude patterns with a high degree of occurrence. By default, it is checked,
meaning short patterns will not display in the results.
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There is a >20% error rate with Prosite. The results come with links to the Prosite documentation about the
protein domain, motif or family represented by that pattern.

Discussion topic: Try Prosite with the sequence with gi|9506817. Unclick the box that excludes high-
probability patterns. What long patterns (above the bar) match? What short patterns (below the
bar)? What does it all mean?

E values

Patterns have no E values because patterns are qualitative, not quantitative. Profiles (PSSMs) show E
values and HMMs also show E values. Both are quantitative methods and the likelihood of matching by
chance can be calculated as it is in BLAST. Recall that HMMs allow for insertions and deletions while
maintaining amino acid probabilities. The majority of protein signature databases use HMMs to quantify
motifs, domains and families.

Prosite documentation
When a prosite pattern is matched, you see a link beginning with PS that is the accession number for that



pattern. Below is documentation for an aspartyl protease from Candida albicans. If you want to duplicate
this, do a PROSITE scan with gi number 456252. You see a description, a list of proteins that fit the pattern
and in the blue box at the bottom, you see the consensus pattern.
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The pattern is [LIVMFGAC]-[LIVMTADN]-[LIVFSA]-D-[ST]-G-[STAV]-[STAPDENQ]-{GQ}-[LIVMFSTNC]-{EGK}-
[LIVMFGTA]. The aspartic acid active site is the D at position 4.

You also see links to enzyme commission numbers. Aspartyl proteases begin with 3.4.23 because it's a
class of proteases that may cleave proteins at different locations. The fourth number is assigned to
specific aspartyl proteases.

Discussion topic: Look at the Prosite documentation for the long pattern matched by gi|9506817.
What can you say about the pattern? Did you learn anything about this protein from the
documentation.

Multidomain proteins
The diagram below shows a multidomain protein. It's quite common, especially in higher eukaryotes, for a
protein to have many domains and even repeats of the same domain. The protein shown is Tenascin-C.
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Discussion topic: How do you think the existence of multidomain proteins relates to complexity in
higher eukaryotes?

Profiles

HMMs and PSSMs generate quantitative results with E values. PSSM profiles are based on multiple
alignment and a position matrix represents the motif. HMM profiles use a probabilistic model to represent
a motif. Many databases use HMMs to classify motifs and other protein signatures. Here are some profile
databases.

Summary: representing motifs

Pattern: Qualitative - regular expression

PSSM Profile: Quantitative - PSSM based on ungapped alignments

HMM Profile: Quantitative - HMM based on gapped or ungapped alignments

Profile Databases

PRINTS: http://www.bioinf.manchester.ac.uk/dbbrowser/PRINTS/
ProDom: http://prodom.prabi.fr/prodom/current/html/home.php
Pfam: http://pfam.janelia.org/

SMART: http://smart.embl-heidelberg.de/

PRINTS is based on protein fingerprints represented by PSSMs. It's a well-curated database at the
University of Manchester in the UK. ProDom is based on PSI-BLAST and automated sequence clustering--
essentially a PSSM method. Pfam is quite extensive and maintained buy an international consortium of
protein researchers. The database contains both the multiple sequence alignments and the HMMs that
were generated from those MSAs. There is a curated and automated section. Protein sequences used in
the automated section may eventually be promoted to the curated database. SMART (Simple Modular
Architecture Research Tool) uses HMMER to build HMM models of protein signatures.


http://www.bioinf.manchester.ac.uk/dbbrowser/PRINTS/
http://prodom.prabi.fr/prodom/current/html/home.php
http://pfam.janelia.org/
http://smart.embl-heidelberg.de/

InterPro
InterPro (http://www.ebi.ac.uk/interpro/) is one-stop shopping at all of the above databases and PROSITE.
InterProScan allows the user to enter a sequence and search 13 member databases.

Signature database Version Signatures* Integrated signatures®*
CATH-Gene3D 3.5.0 717
HAMAR 201311.27 1912
PANTHER 8.0
PIREF 2.84 3251 3225
PRINTS 42.0 Zlhe 2028
FROSITE patberns 20.57 1308 1391
PROSITE profiles 20,597 1062 10348
Pfam 27.0 14139
Ffame 7.0
Profiom 28, 1 1 BG4 1117
SMAAT 6.2 1 OB 598
SUPERFAMILY 1.75 1353
TIGHRFAMS 13.4 4384 4354

Sequence database Version Count Count of proteins matching
any signatures integrated signatures
LiriProtkS. 2014_05 56555610 45736553 (BF. 9% 46556530 (B2.3%)
UniFratkKB/ TrEMBL 2014_035 SE0L0Z22 45205295 (BT . 9% 46032040 (B2.2%
UniFrotkB/Swiss-Prot 2014_05 545388 531357 (97.4%) 524495 (96.7%)

InterProScan allows you to enter a single sequence and search across 13 databases. The results are color
coded based on the matched database. Below is the output from the aspartyl protease used in part 1 of
the reading. Note how the colors match the database (click source database on the left menu to see
database colors).


http://www.ebi.ac.uk/interpro/
http://www.ebi.ac.uk/Tools/pfa/iprscan/
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The PR link stands for PRINTS; the PTHR for Panther, the PF for Pfam. The PS is for PROSITE, and the SSF
for Superfamily. The IPR links at the left of each match link to the Interpro documentation for that motif.

External documentation
Below is the Pfam documentation for Peptidase Al, accessed by clicking on the link that reads "PF00026."
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The documentation for Pfam provided by the Sanger institute has three tabs to toggle between three
documentations from Wikipedia, from Pfam and from Interpro. The Pfam documentation is a simple
description of the motif with external links. The wikipedia tab provides the wikipedia page with a button
that allows the user to edit the wikipedia page.

Other external links from Interpro would take you directly to other databases, such as Prosite and Panther.



