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First
Proteins can be grouped into clusters, or families, on the basis 
of their sequence similarity.

Second
Sequence similarity may be detectable only in blocks of a 
multiple sequence alignment, what indicates that conservation
is restricted to modules that are important from a functionally 
or structural point of view. 

TWO CONCLUSSIONS CAN BE DERIVED FROM
THE COMPARISON OF PROTEIN SEQUENCES
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CONSERVED MOTIFS AND DOMAINS

Conserved protein sub-sequences are often classified as:

●Motifs: short conserved sub-sequences that usually 
correspond to functional sites (active sites, binding sites, 
interaction sites). They may be part of bigger domains.

●Domains: stretches of secuence that appear as conserved 
modules in proteins that are not related, in global terms. They 
usually correspond to domains that can be defined using 
structural and/or functional definitions. Their average size is 
aprroaximately 100-150 aa. Domain shuffling is a mechanism 
of protein evolution, in some cases related with intron-exon 
architecture.

●Repeats: structurally or functionally interdependent modules.
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ALIGNMENT OF ATP-BINDING PROTEINS

Family, or
Subfamily
specific
motifs 
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RICK PROTEIN KINASE AND CASPASE-9

Domain organization of proteins that contain 
a CARD domain, from Pfam.
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●In the case of Motifs, their small size and the lack of 
perfect consrvation make not possible the use of BLAST, 
for example, to identify proteins that contain a given motif, 
in a database.

●Conserved domains can be identified with sequence 
alignment tools, such as BLAST. However, only with the 
development of more sensitive algorithms based on 
sequence profiles, it has been possible to capture the 
widespread distribution of some domains in unrelated 
protein families, as result of domain shuffling.   

MOTIF AND DOMAIN DESCRIPTION
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MOTIF AND DOMAIN DESCRIPTION

FOUR strategies are usually considered to describe, or 
represent, conserved motifs or domains :

•Consensus sequences

•Patterns (Regular expressions)

•PSSM (PSWM) Profiles

•HMM profiles
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CONSENSUS SEQUENCES

ALRDFATHDDF 
SMTAEATHDSI 
ECDQAATHEAS 

80% XXXXXATHXXX  
50% XXXXXATHDXX

Consensus sequences
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REGULAR EXPRESSIONS

ALRDFATHDDF 
SMTAEATHDSI 
ECDQAATHEAS 

NNNNNATH[DE]NN

Regular expression 
are the basis of 
Prosite

Regular expression •Any aminoacid: x

•Ambiguity: [A,B…] A, or B... 

or {A,B..} anything except A, B…

•Repetition: A(2,4) A-A o A-A-A o A-A-A-A

•N terminal: < 

•C-terminal: >

[AC]-x-V-x(4)-{E,D}
[Ala or Cys]-any-Val-any-any-any-any-{any but Glu or Asp}
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PSSM (PSWM) PROFILES
(Position Specific Scoring / Weight  Matrices)

Much more sensitive than 
regular expressions.

                  F   K   L   L   S   H   C   L   L   V 
                  F   K   A   F   G   Q   T   M   F   Q 
                  Y   P   I   V   G   Q   E   L   L   G 
                  F   P   V   V   K   E   A   I   L   K 
                  F   K   V   L   A   A   V   I   A   D 
                  L   E   F   I   S   E   C   I   I   Q 
                  F   K   L   L   G   N   V   L   V   C 

          A     -18 -10  -1  -8   8  -3   3 -10  -2  -8 
          C     -22 -33 -18 -18 -22 -26  22 -24 -19  -7 
          D     -35   0 -32 -33  -7   6 -17 -34 -31   0 
          E     -27  15 -25 -26  -9  23  -9 -24 -23  -1 
          F      60 -30  12  14 -26 -29 -15   4  12 -29 
          G     -30 -20 -28 -32  28 -14 -23 -33 -27  -5 
          H     -13 -12 -25 -25 -16  14 -22 -22 -23 -10 
          I       3 -27  21  25 -29 -23  -8  33  19 -23 
          K     -26  25 -25 -27  -6   4 -15 -27 -26   0 
          L      14 -28  19  27 -27 -20  -9  33  26 -21 
          M       3 -15  10  14 -17 -10  -9  25  12 -11 
          N     -22  -6 -24 -27   1   8 -15 -24 -24  -4 
          P     -30  24 -26 -28 -14 -10 -22 -24 -26 -18 
          Q     -32   5 -25 -26  -9  24 -16 -17 -23   7 
          R     -18   9 -22 -22 -10   0 -18 -23 -22  -4 
          S     -22  -8 -16 -21  11   2  -1 -24 -19  -4 
          T     -10 -10  -6  -7  -5  -8   2 -10  -7 -11 
          V       0 -25  22  25 -19 -26   6  19  16 -16 
          W       9 -25 -18 -19 -25 -27 -34 -20 -17 -28

          Y      34 -18  -1   1 -23 -12 -19   0   0 -18 

A shows a lower preference 
than M because, although is not 
at that position in the alignment, 
it is a more likely replacement 
for L,I,V and F.

Prosite uses profiles, in addition 
to Regular Expressions.

The weights reflect not only the 
frequencies of each amino acid 
at that position in the alignment, 
but also the expected 
frecuencies of each aminoacid 
and substitution probabilities.
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PSI-BLAST

PSI-BLAST (Position Specific Iterated BLAST) is one of the 
programs related with BLAST that is accesible at the NCBI web 
server (it is also part of the BLAST package).

●Like BLAST, PSI-BLAST takes a query sequence as input to  
perform a similarity search agains a chosen database.

●Then, a multiple sequence alignment and a profile are 
constructed from significant local alignments .

●The profile is then used to search the database again, and any 
new significant hits are incorporated to the profile.

●The process iterates an arbitrary number of times or until 
convergence (no new sequences can be found in the database 
that match the profile).
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HMM PROFILES

Hidden Markov model (HMM) profiles are statistical models of the 
primary structure of aminoacid sequences.

They are similar to PSWMs, but the weights are calculated 
according to a probabilistic model that explicitly take into account 
insertions and deletions, and that also may take into account 
previous positions.

They are the basis of Pfam and SMART, among other domain 
family databases.
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DEVELOPMENT OF DOMAINS AND MOTIFS DATABASES

Sequence 
database

Motifs
Domains

Representation

Search

Regular expression
Profile
HMM

Known motifs

Multiple sequence 
alignments

Motifs and 
Domain

Database
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Protein family databases

- Proteins are seen as evolutionary units
- Examples: COG, ProtoMap 

vs

Domain family databases

- Domains are the evolutionary units
- Examples: Pfam, SMARt
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SOME DOMAINS AND MOTIFS DATABASES

 ** PROSITE. Database of protein families and domains, defined by 
patterns and profiles, at ExPASy.

** Pfam, at Sanger. Multiple sequence alignments and HMMs of protein 
domains and families, at Sanger Institute.
** SMART. Simple Modular Architecture Research Tool, at EMBL.

MetaFam. Comprehensive database of protein family information.
Blocks. Multiple alignments of the most highly conserved regions of 
groups of proteins documented in InterPro. 
PRINTS. Database of groups of conserved motifs, or protein fingerprints. 
ProDom. Protein domain families automatically generated from SWISS-
PROT and TrEMBL.

** InterPro. Integrated view of commonly used motif databases.
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COMPARISON OF DIFFERENT STRATEGIES AND 
DATABASES THAT COLLECT INFORMATION 

ABOUT PROTEIN MOTIFS AND DOMAINS

Coverage

Sensitivity
Regular 
expressions Profiles HMMs
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beta-Lactamase PATTERNS, from Prosite
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ORGANIZATION OF SEVERAL PROTEINS THAT 
CONTAIN A PROTEIN KINASE DOMAIN, from Pfam
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INTERPRO
DOMAIN ORGANIZATION FOR PIAP-PIG
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Parent-Child Tree for InterPro Entry IPR000719
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SOME TOOLS FOR THE ANALYSIS OF DOMAINS AND MOTIFS

SCANPROSITE. Scans a sequence to find matches to PROSITE or  
SWISSPROT and TrEMBL with a user provided pattern. 
PRATT. Generates conserved patterns from a series of unaligned proteins.

PSI-BLAST. Position-Specific Iterated BLAST. 
BIOACCELERATOR. Generation of PSSMS and database search.
MOTIF. Scans a sequence against several databases of patterns and profiles, 
but also, scans databases with user provided profiles, and also generates profiles 
from sequences provided by the user.

PFAM. Scans a sequence against the Pfam database of protein domains 
(defined as HMM profiles). 
SMART. Scans a sequence against the SMART database (and other, like Pfam) 
of protein domains (defined as HMM profiles). 

INTERPROSCAN. Scans a sequence against the InterPro database of patterns 
and profiles (which integrates information from several other databases) 
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APPLICATIONS OF DATABASES AND ALGORITHMS 
BASED ON MOTIFS AND DOMAINS

Identification of remote homologs: by means of 
identifying sequences that share a particular motif.

Sequence clustering: the presence of conserved 
motifs or domains allow the definition of protein 
families.

Function prediction: by means of the identification 
of characterized motifs in the sequence of interest
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