Laura Voss
How to Use and Interpret the Pfam Database
http://pfam.sanger.ac.uk/ 
Pfam is a database for protein domain families, and can be used to identify the protein that an amino acid will probably form when it has matured and fully formed. Pfam identifies proteins based on their protein domains, or smaller building blocks which can exist independently of a completed protein, and generally perform one specific function. A protein’s main function is determined by which combination of domains it has, and what function they perform.
Within Pfam, domains are grouped into families; protein domains in a family are related by evolutionary descent. By using a statistical model called the Hidden Markov Model, Pfam can use the existing related domains to extrapolate what other domains in that family might be. Using these domain families, Pfam identifies the domains in a query amino acid sequence, and uses them to determine the probable function of the mature protein that is synthesized from this sequence.
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Sequence search results
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We found 22 Pfam-A matches to your search sequence (1 significant and 21 insignificant) . You did not choose to search for Pfam-B matches.
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To demonstrate searching and using Pfam, I’ll be using gene 2500587644, a methyl-accepting chemotaxis protein, as a sample gene. This protein can be found here on JGI.
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This is the front page for Pfam, at the above URL. Pfam allows you to browse domain families, browse proteins by domain sequence, or search for proteins by keyword or structure, but you’ll usually end up searching for a protein via its amino acid sequence. Click “Sequence Search” to do this.

To find the amino acid sequence for your protein, go to the “Gene Details” page on JGI and scroll down to “Protein Information”. Click the link for “Amino Acid Sequence Length”; this will take you to the amino acid sequence.
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Pfam 23.0 (July 2008, 10340 families)

The Pfam database is a large collection of protein families, each represented by multiple sequence
alignments and hidden Markov models (HMMs). More.

QUICKLINKS ~ YOU CAN FIND DATA IN PFAM IN VARIOUS WAYS.

SEQUENCE SEARCH  Analyze your protein sequence for Pfam matches
VIEW APFAM FAMILY  View Pfam family annotation and alignments
VIEW ACLAN  See groups of related families
VIEW A SEQUENCE  Look at the domain organisation of a protein sequence
VIEW A STRUCTURE  Find the domains on a PDB structure
KEYWORD SEARCH  Query Pfam by keywords

Or view the help pages for more information
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Summary

Methyl-accepting chemotaxis protein (MCP) signaling
domain

This domain is thought to transduce the signal to CheA since it is highly conserved in very
diverse MCPs.

Literature references

1. Hanlon DW, Marquez-Magana LM, Carpenter PB, Chamberlin M), Ordal GW; , J Biol Chem
1992;267:12055-12060.: Sequence and characterization of Bacillus subtiis CheW.
PUBMED:1601874% DB entry 1qu7: FOUR HELICAL-

BUNDLE STRUCTURE OF THE

|CYTOPLASMIC DOMAIN OF A

|SERINE CHEMOTAXIS RECEPTOR

Interpro entry IPR004089

Methyl-accepting chemotaxis proteins (MCPs) are a family of bacterial receptors that mediate chemotaxis to diverse signals,
responding to changes in the concentration of attractants and repellents in the environment by altering swimming behaviour
PUBMED: 16350703. Environmental diversity gives rise to diversity in bacterial signalling receptors, and consequently there are
many genes encoding MCPs PUBMED: 17299051. For example, there are four well-characterised MCPs found in Escheric

Tar (taxis towards aspartate and maltose, away from nickel and cobalt), Tsr (taxis towards serine, away from leucine, indole
and weak acids), Trg (taxis towards galactose and ribose) and Tap (taxis towards dipeptides).

MCPs share similar topology and signalling mechanisms. MCPs either bind ligands directly or interact with ligand-binding
proteins, transducing the signal to downstream signalling proteins in the cytoplasm. MCPs undergo two covalent modifications:
deamidation and reversible methylation at a number of glutamate residues. Attractants increase the level of methylation, while
repellents decrease it. The methyl groups are added by the methyl-transferase cheR and are removed by the methylesterase





On Manatee, looking up the gene’s ORF or coordinates on the front page will direct you to the gene’s ORF page. Under “ORF ( )”, there’s a drop-down menu for “Select Display”; clicking “View Sequences” on this menu will take you to the amino acid sequence.
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On SEED, click on the gene’s feature ID to access its page. Next to the Feature ID will be a link to the sequence page. Click on the far right radio button for the protein sequence.
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Once you have your sequence, go back to the Sequence Search page.

[image: image4.png]Sequence search

Find Pfam families within your sequence of interest. Paste your protein sequence into the box below, to have it searched for
matching Pfam families. More.

‘Sequence |ySRQTERAPRTDEKTGSVEWEDVSESEGESPEGSDLAVVIEDDEDQLYDT

TR QR TDE RNV QR TDR T GHDTOQ0A T KU QT SCXECGTEN
TR L E QGQGRVE VE VEKTL PNGETHGTL LVSERITOE QUATGITES
IO SVHARAQE EHSHGE LNETADSVASSADE 1SS TAERNTOSHNEVA
ETODVSASTEEVASSAESVATVSE LATKRAADSHETAEDATEMEATOR
A TADVTADLDDL RARVDE TDDIVEV TNDIADQTIVML ALNANIERARAGER
2 GEAVVAEE VK LA GAQQNAE TTESHIDGIQAOTE TARSLOQNTATY
DG IERVOASURALEE TVERVQEAADGTEE VA ATDDGAASAREVASLYD
TR GAGTVASE VOV ERASEE QAQHTQNL QETVERLNGSH

Search strategy | Global & local (merged)

Cut-off ¢ Gathering threshold

& Use E-value

E-value [1g

Search for PfamBs [~





This is the sequence search page. Copy the amino acid sequence from the sequence viewer and paste it into the “Sequence” box and hit “Submit” to begin the search.

By default, Pfam will only search PfamAs, which are fully curated families and contain extrapolations about other possible domains in the family. PfamBs are uncurated and do not contain such extrapolations; searching PfamBs is not necessary for most proteins, but can be useful if a PfamA search shows no results, as it may show functionally conserved amino acid regions that will help you identify an unknown sequence.
Clicking “Submit” will bring up a menu like this:
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· The Alignment icon at the top (black circle) shows where the significant Pfam match lies in relation to the query sequence, with the colored shape being the matched Pfam and the grey line representing the query sequence. If more than one domain is identified on the sequence, multiple icons will show where each domain lies in relation to the others and the sequence. In this case, the amino acids corresponding to the Pfam lie near the 5’ end of the query sequence. Clicking on the Pfam icon will take you to the domain family’s page.
· Significant Pfam Matches are domain families whose members or potential members (because of the hypothetical domains projected by the HMM) match an amino acid sequence in your protein submission. For a Pfam match to be significant, its E-value must be very low, to the point where the number of matching amino acids is very unlikely to be coincidental. A significant Pfam match is your best guide to what a protein does.
· Insignificant Pfam Matches match the amino acid query sequence, but not to a significant degree; the match could feasibly be coincidental. 

· Sequence Start and End describes the sequence alignment; “Start” lists the first amino acid in the query sequence that matches the HMM, while “Stop” lists where the match ends.

Clicking on the “Show Alignment” button on the far right (red circle) opens a diagram of the amino acid sequence of the HMM compared to the query sequence, with matching amino acids noted. 
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Clicking on the name of the Pfam brings up a page on the Pfam itself (note that clicking on the protein symbol in the Alignment icon will take you to the same page):
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To the far left is a graphical representation of the protein domain. The text below “Interpro Entry” explains what the domain does. The Interpro link itself takes you to the EBI annotation of the protein, which describes what the domain does, lists proteins that contain it, and notes which species typically contains these proteins. This page also links to other databases’ record of this domain, at the bottom of the page.
From this page, you can navigate to many of Pfam’s other tools and features, listed on the sidebar (outlined).

From the sidebar, you can reach:
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The Domain Organization page, which shows how the Pfam domain in question appears in other genes and proteins. The domain organization page lists other domains that the query domain appears with and the genes in which each of those structures appears. As with the main results page, clicking on the icon of one of the domains takes you to the domain’s main page. 
The Domain Organizations page for our sample protein looks like this:


[image: image7.png]Below is  listing of the unique domain organisations or architectures in which this domain is found. More...

There are 3475 sequences with the following architecture: HAMP, MCPsignal
Q67RLS SYMTH [Symbiobacterium thermophilum] methyl-accepting chemotaxis protein (614 residues)

R HCRsignall

ﬁ

Show all sequences with this architecture.

There are 1535 sequences with the following architecture: MCPsignal
A6QIN2 NITSB [Nitratiruptor sp. (strain sb155-2)] methyl-accepting chemotaxis protein (630 residues)

HCRsignall

Show all sequences with this architecture.

There are 616 sequences with the following architecture: Cache_1, HAMP, MCPsignal
A6LYL7 CLOBE [Clostridium befjerincki ncimb 8052] methyl-accepting chemotaxis sensory transducer precursor (670 residues)

HAlE HCRsignall

E

Show all sequences with this architecture.

There are 360 sequences with the following architecture: Cache_2, HAMP, MCPsignal
A6LTC6 CLOBE [Clostridium beijerinckii ncimb 8052] methyl-accepting chemotaxis sensory transducer precursor (587 residues)

e HCRsignall

Show all sequences with this architecture.

There are 263 sequences with the following architecture: PAS_3, MCPsignal
AIKC)7_AZOSB [Azoarcus sp. (strain bh72)] putative aerotaxis receptor (545 residues)

Asas) HCRsignall

i

how all comtiences with Hhic architech re.





[image: image20.png]Protein Information I

/Amino Acid Sequence Length 4412z

o6 | COGO840 - Methyl-accepting chemotaxis protein
G Term ]

Transmembrane Helices | No

signal Peptide. No

‘Statstics | peptide

Pfam | pfam00015 - MCPsignal




The Alignments page, which gives various formats for downloading the alignment sequences.
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The HMM Logo page, which displays a visual representation of the profile HMM. This page fully explains how to read the HMM logo, but a simpler explanation will be given here:
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Figure 1: A selection of the HMM Logo for the sample gene.
Each slot represents one of the amino acids in the HMM. Because the HMM is designed to encompass entire families of domains and recognize potential members of the family based on conservation of sequences, several amino acids could potentially be in each slot. The height of each letter represents the probability that the amino acid it represents will be in that particular slot; a large letter is usually the one present in that slot, whereas one of the smaller letters won’t appear as often. The height of the column of letters itself represents how variable that amino acid ‘slot’ is; the taller the column, the more varied it is. 
The width of the columns signals the contribution of an amino acid to the overall protein structure; an amino acid that is likely to be bypassed, cut out of the protein before maturation, or made redundant will have a small column width. Finally, the colors of the letters themselves represent the properties of the amino acids, as shown here:
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Aromatic amino acids contain benzene rings or other rings of atoms; aliphatic amino acids do not.

To demonstrate, we will try “reading” one of the columns (specifically Column 9) in the sample:
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The Pfam database is a large collection of protein families, each represented by multiple sequence
alignments and hidden Markov models (HMMs). More.

QUICKLINKS ~ YOU CAN FIND DATA IN PFAM IN VARIOUS WAYS.

SEQUENCE SEARCH  Analyze your protein sequence for Pfam matches
VIEW APFAM FAMILY  View Pfam family annotation and alignments
VIEW ACLAN  See groups of related families
VIEW A SEQUENCE  Look at the domain organisation of a protein sequence
VIEW A STRUCTURE  Find the domains on a PDB structure
KEYWORD SEARCH  Query Pfam by keywords

Or view the help pages for more information



This column is of average width for the HMM logo, meaning that it is neither particularly important to the protein overall, nor is it redundant or unnecessary. Column 9 is one of the taller columns, meaning that it is among the more variable; the amino acid in Slot 9 has a greater tendency to change between the domains in the family. The most frequent amino acid in this slot is glutamine (Q), a polar, uncharged amino acid. Next most frequent in this slot is glutamic acid (E), a charged amino acid.
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Methyl-accepting chemotaxis protein (MCP) signaling
domain

This domain is thought to transduce the signal to CheA since it is highly conserved in very
diverse MCPs.
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Methyl-accepting chemotaxis proteins (MCPs) are a family of bacterial receptors that mediate chemotaxis to diverse signals,
responding to changes in the concentration of attractants and repellents in the environment by altering swimming behaviour
PUBMED: 16350703. Environmental diversity gives rise to diversity in bacterial signalling receptors, and consequently there are
many genes encoding MCPs PUBMED: 17299051. For example, there are four well-characterised MCPs found in Escheric

Tar (taxis towards aspartate and maltose, away from nickel and cobalt), Tsr (taxis towards serine, away from leucine, indole
and weak acids), Trg (taxis towards galactose and ribose) and Tap (taxis towards dipeptides).

MCPs share similar topology and signalling mechanisms. MCPs either bind ligands directly or interact with ligand-binding
proteins, transducing the signal to downstream signalling proteins in the cytoplasm. MCPs undergo two covalent modifications:
deamidation and reversible methylation at a number of glutamate residues. Attractants increase the level of methylation, while
repellents decrease it. The methyl groups are added by the methyl-transferase cheR and are removed by the methylesterase




The Trees page shows the evolutionary tree for all the domains in this particular domain family. The Curation and Models page gives more detail about the Pfam family itself, including the number of domains in each family, their average length, and the average amount of a hypothetical protein sequence that the domain covers.
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The Species page, similar to the Trees page, shows the evolutionary linkage of the species in which the domains of this family appear. The Structures page provides a link to the Worldwide Protein Data Bank’s entry on this family’s domains, allowing you to view their 3-D structure. 
Pfam is a large database, and can seem unwieldy at first, but it can also be one of your most valuable tools in determining what an amino acid sequence does, and is especially useful in identifying proteins with similarity but no function prediction.
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