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A practical approachA practical approach

Given a Given a newly determined sequencenewly determined sequence

What is my protein ?What is my protein ?

To what family does it belong ?To what family does it belong ?

What is its function ?What is its function ?

How can we explain its function in structural terms ?How can we explain its function in structural terms ?



A practical approachA practical approach

By searching secondary database By searching secondary database 
Can get abstractions of functionalCan get abstractions of functional
Structural sites characteristic of particular proteinsStructural sites characteristic of particular proteins

Recognize patterns Recognize patterns 
Allow us to infer relationships with previously Allow us to infer relationships with previously 
characterized familiescharacterized families

Searching fold libraries Searching fold libraries 
Can get templates of known structure Can get templates of known structure possible possible 
to recognize a previously characterized foldto recognize a previously characterized fold



Levels of protein sequence Levels of protein sequence 
and structural organisationand structural organisation
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Major secondary Major secondary 
““patternpattern”” databasedatabase

Fuzzy regular Fuzzy regular 
expressions(expressions(patternspatterns))

BLOCKS/PRINTSBLOCKS/PRINTSIDENTIFYIDENTIFY

Aligned motifs(Aligned motifs(blocksblocks))PROSITE/PRINTSPROSITE/PRINTSBLOCKSBLOCKS

Hidden Markov Models(Hidden Markov Models(HMMsHMMs))SWISSSWISS--PROTPROTPfamPfam

Aligned motifsAligned motifs((fingerprintsfingerprints))OWL*OWL*PRINTSPRINTS
Weighted matrices(Weighted matrices(profilesprofiles))SWISSSWISS--PROTPROTProfilesProfiles
Regular expressions(Regular expressions(patternspatterns))SWISSSWISS--PROTPROTPROSITEPROSITE

Stored informationStored informationPrimary sourcePrimary sourceSecondary Secondary 
databasedatabase



Three principal methods for Three principal methods for 
building pattern databasesbuilding pattern databases

Fuzzy  regular expression(IDENTIFY)

exact regular expression(PROSITE)
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A practical approachA practical approach

If we If we cannotcannot predict function or predict function or 
structure structure directly form sequencedirectly form sequence, but , but 
cancan identify homologues, and recognize identify homologues, and recognize 
sequence and fold patterns that have sequence and fold patterns that have 
already been seen, already been seen, how do we use this how do we use this 
information to build a sensible search information to build a sensible search 
protocol for novel sequence ?protocol for novel sequence ?



A practical approachA practical approach
If DNA Sequence

Six-frame translation
Yields potential protein 

product(the probe)

Primary protein sequence 
database identity search

(for short fragments, pinpoints 
identical matches to probe-may 
identify correct reading frame)

Primary protein sequence 
database similarity search

(nrdb, OWL,SP+SPtrEMBL 
identify homologues to probe)

Secondary protein “pattern”
database search

(PROSITE,PRINTS,BLOCKS,Pfam)

Protein structure 
classification database

query
SCOP,CATH

(Provides details of 
structural class, 

secondary structure,..etc)

Protein fold pattern 
library search

identifies 
compatible folds

for the probe 
sequence

Known 
structure

Unknown 
structure



Searching the primary databaseSearching the primary database

Given an unknown fragment of DNAGiven an unknown fragment of DNA
ccg tac tac aac tac gct ggt gca ttc aagccg tac tac aac tac gct ggt gca ttc aag

It can be translated by sixIt can be translated by six--frame frame 
translator.translator.

PYYNYAGAFK LECTSVVVR

RTTTTLVHS LNAPA ! L ! Y

VLQLRWCIQ ! MHQESCST

3 Forward 3 Reverse



Searching the primary databaseSearching the primary database





Searching the primary databaseSearching the primary database

SWISS-PROT:P20233    
PRINTS:PR00422



Similarity searchingSimilarity searching

If an identity search fails to find a If an identity search fails to find a 
match, match, all is not lostall is not lost..
The next step is to look for similar The next step is to look for similar 
sequencessequences
It is recommended to perform similarity It is recommended to perform similarity 
searches on peptides that are longer searches on peptides that are longer 
than ~30 residues than ~30 residues ((the shorter the the shorter the 
peptide, the greater the likelihood of peptide, the greater the likelihood of 
finding chance matches that finding chance matches that have no have no 
biological relevancebiological relevance))



Similarity searchingSimilarity searching

The most rapid and simple option is useThe most rapid and simple option is use
BLAST (of FastA)BLAST (of FastA)

We can use the sequence retrieved by We can use the sequence retrieved by 
from the primary database (OWL)from the primary database (OWL)



BLAST OutputBLAST Output

There are several important features to note There are several important features to note 
in BLAST Output.in BLAST Output.

We are looking for matches that have We are looking for matches that have high scores high scores 
with correspondingly low probability valueswith correspondingly low probability values..
Low probability indicates that a match is Low probability indicates that a match is unlikelyunlikely
to have arisen by chanceto have arisen by chance..
The results show a cluster of high scores (with low The results show a cluster of high scores (with low 
probabilities) at the top of the list, indicating a probabilities) at the top of the list, indicating a 
likely relationship between the query and the likely relationship between the query and the 
family of sequences in the cluster.family of sequences in the cluster.



Similarity searchingSimilarity searching



BLAST ResultsBLAST Results



Searching the Secondary Searching the Secondary 
databasesdatabases

Although a family of sequences was Although a family of sequences was 
identified by the BLAST search, we can identified by the BLAST search, we can 
continue on and search the secondary continue on and search the secondary 
database in order to discover if our database in order to discover if our 
query sequence contains any known query sequence contains any known 
characteristic characteristic conserved motifsconserved motifs..
The first secondary database to The first secondary database to 
consider is consider is PROSITEPROSITE..



Searching PROSITESearching PROSITE

At this example, the database code At this example, the database code 
(TRFE_XENLA)(TRFE_XENLA)
Three regular expression patterns have Three regular expression patterns have 
been matchedbeen matched

TRANSFERRIN_1TRANSFERRIN_1
TRANSFERRIN_2TRANSFERRIN_2
TRANSFERRIN_3TRANSFERRIN_3

Y-x(0,1)-[VAS]-V-[IVAC]-[IVA]-[IVA]-[RKH]-[RKS]-[GDENSA]

Pattern of PS00205









Searching PfamSearching Pfam

Another important resourceto search is Another important resourceto search is 
the Pfam collection of Hidden Markov the Pfam collection of Hidden Markov 
Models.Models.

The sequence must be in FastA format.The sequence must be in FastA format.



Searching PRINTSSearching PRINTS

The Output of PRINTS is divided into distinct The Output of PRINTS is divided into distinct 
sections:sections:

The program offers an intelligent The program offers an intelligent ‘‘guessguess’’ based on based on 
the occurrence of the highestthe occurrence of the highest--scoring complete or scoring complete or 
partial fingerprint matchpartial fingerprint match--it then provides an it then provides an 
expanded table that shows the top 10 bestexpanded table that shows the top 10 best--scoring scoring 
matches.matches.
If the guess is considered either  to be wrong or If the guess is considered either  to be wrong or 
to has missed something, the to has missed something, the remaining sectionsremaining sections
of output provide more of the row data, again of output provide more of the row data, again 
allowing the user to search for anything that allowing the user to search for anything that 
might have been missed.might have been missed.



Searching IDENTIFYSearching IDENTIFY

The output of IDENTIFY is normallyThe output of IDENTIFY is normally
given at several stringency levelsgiven at several stringency levels



When to believe a resultWhen to believe a result

The real need for such a strategy arise when The real need for such a strategy arise when 
query sequences do not have obvious query sequences do not have obvious 
homologues in the database, i.e., do not homologues in the database, i.e., do not 
return positive identifications following return positive identifications following 
sequence identity or similarity searches of the sequence identity or similarity searches of the 
primary database.primary database.
Under these circumstances, composing a Under these circumstances, composing a 
diagnostic picture from searches of a range of diagnostic picture from searches of a range of 
secondary databases is essential. secondary databases is essential. If tow or If tow or 
more of these make twilight matches, this more of these make twilight matches, this 
builds confidence in making a diagnosis.builds confidence in making a diagnosis.
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