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Protein Domains

 From a structural perspective protein domains
are discrete units.

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



What is a Domain?

» Defined by structure

* Domain boundaries can
be inferred from careful
seguence analysis

« Domains are the
currency of protein
function

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



Domains - size

 Domains can be 25 to 500 residues long
* Most are less than 200 residues.

« Domains can be smaller that 50 residues but these are
stabilized by disulphide bonds or chelated metals.

37 residues

31 residues.

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



Example domains

* The lipoxygenase domain is a giant at 500
residues long.

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



Leucine Rich repeats

* A single repeat is
not stable

* Multiple repeats
are stable

« Each repeatis
represented
separately

e Unlimited number
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p://lwww.sanger.ac.uk/Sottware/Pfam/



WD40 repeats

* 7 repeats
e beta sheet per repeat
* Limited number (6-8)

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



Structural domains

 Domains are most easily defined in known
structures

* Several automatic programs available
* They don't always/often agree!

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



Defining domains from sequence

* Has been done successfully hundreds of
times

« Cannot always be done
* Usually requires the domain to be mobile

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



Domains and structure determination

* Hard to get structure
of complete protein

» Expressing smaller
segments is easier
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Domain Hunting: CBS domains
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http://www.sanger.ac.uk/Software/Pfam/



Domain Hunting: RNAI
Piwi @_ Piwi —_

AF1318 =— Piwi -— Archaea & Bacteria
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Cerrutti, Mian & Bateman. Trends Biochem Sci. 25:481-482 (2000)

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



| - Summary

* Introduction to protein domains
 Domain databases

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



Domain databases

* Many of the common domains have already
been defined in domain databases.

* Advantages:
— Pre-annotated domains
— Easy interpretation of domain structure
— Sensitivity can be higher

 The most used databases are:

— Pfam - Prints
— Prosite Profiles - Blocks
— SMART - ProDom

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



Good coverage

No specific bias

Good graphical views
Structural data in alignments
No heirarchy

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



Domain collection by Ponting and Bork.
Specialises in

— Signaling domains

— Extracellular domains

— Nuclear domains

Excellent quality families.
Really nice graphics
Coiled-coil, TM, low-complexity

http://www.sanger.ac.uk/Software/Pfam/
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* Profiles
— Sensitive
— Low coverage (Good for signalling)
« Patterns
—e.g. N-{P}-[ST]-{P}
— less sensitive
— many false positives

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



Interpro

* Interpro is a database that presents Prosite,
Prints, Prodom and Pfam domain.

* Annotation is a strong point
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http://www.sanger.ac.uk/Software/Pfam/



Conclusions

 Domains are the common currency of
protein function

* Understanding the domain structure helps
to understand the biology

 Domain databases are key labour saving
tools

http://www.sanger.ac.uk/Software/Pfam/
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Pfam: 8,000 families for the
moular biolist
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Alex Bateman, Richard Durbin, Sean Eddy, Ajay Khanna, Rob Finn, Sam Griffiths-
Jones, Jaina Mistry, John Tate, Volker Hollich and Erik Sonnhammer.

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



Annotating genomes

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



Family Pages

Sanger
Institute

Keyword Search| Protein Search Browse Pfam DMNA Search Taxonomy

Accassion number: PROD226

Dnal domain

Figure 1: 1gh6
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http://www.sanger.ac.uk/Software/Pfam/



Family Pages

' Full (1
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http://www.sanger.ac.uk/Software/Pfam/



Pfam contains Alignments

FL E1)
TCTTTCTTT
4

by

CYYETLEVER

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



The data deluge

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



Pfam contains:

SEED alignment

representative members

Manually curated

Profile-HMM

HMMer-2.0

¢ Search database

FULL alignment

Automatically made

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



Profiles, HMMs and PSSMs

» Complicated names - Simple idea

RUIA HUMAN rrml SSATNAL
RUIA HUMAN rrmZ2 VQAGAAR
SFR1 HUMAN rrml RDAEDAV
SXLF DROME rrml MDSQRAT

EREREN
PABP DROME rrm3 EAAEAAV

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



Pfam 18.0

* Pfam-A
— 7,973 Curated ‘»

families with
annotation.

« Pfam-B

— 100,000 families
derived from
Prodom.

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



Coverage

Pfam Sequence Coverage
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* Retire sometime between Sept 2012 and May 2033!
http://www.sanger.ac.uk/Software/Pfam/



Family Pages
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hitectures for CBS - Microsoft Internet Explorer
File Edit Wew Favorites Tools Help
4 ) Back ~ » | gl Search 5 Favorites H} Media 40«

Address |g http:,l',l'wwwdev.sanger.ac.uk,l'cgi-bin,l'PFam,l'getaIIproteins.pI?name=CBS&acc=PFDDS?1&verbose=true&type=Full&domain_view=arch&zoom_Factor=D.5&]ist=View+Graphiuj u Go | Links

[

170 proteins with CBS, CBS architceture

QECARS ARATH[ arabidopsis thaliana (mouse-sar cress)] hypothetical protein t17£3.17

Wit} CES] [447 residuss]
131 proteins with MgtE_N, CBS, MgtE architceture

QAPRDE UREPA[ ureaplasma parvumn (ureaplasmna urealyticurm biotype 13] ma2+ ion transporter

£ [540 residues]
128 proteins with ABC_tran, CBS architceture

QEARU0 DESPS[ desulfotalea psychrophila] probable glycine betaine/lproline transport atp-binding proteiniproy)

(R [421 residues]
123 proteins with SIS, CBS architceture

QFET44 ORYSA[ oryea sativa (japonica cultivar-group)] putative polysialic acid capsule expression pratein

515 S (344 residues]
115 proteins with DUF21, CBS architceture

018498 CAEEL[ casnorhabditis elegans] hypothetical protein r13g10.4

LEE [722 residues]
104 proteins with CBS, CorC_HIyC architceture

Q92KRS RHIME[ thizobiurn rmelioti (sinorhizobiurm mmeliloti)] kypothetical protein srme01112

iy st [387 residues]
51 proteins with TerC, CBS, CorC_HIyC architceture

a7wlLL5 BORBR[ bordetella bronchiseptica (alcaligenes bronchisepticus) ] putative membrane protein

§ &8 i [528 residues]

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




« Taxonomy information
— Does your favourite thermophile have a member?

neer Protein families database of alignments and HMMs
at ﬁg\gﬁ‘%’s Home | Kewword search | Protein zearch | DMA zearch | Browze Pfam | Taxonomy zearch |
Help

Species distribution for family CBS (1 levels)

http://www.sanger.ac.uk/Software/Pfam/
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http://www.sanger.ac.uk/Software/Pfam/
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Protein Interactions

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



APPLICATIONS NOTE

iPfam: visualization of protein—protein
interactions in PDB at domain and amino
acid resolutions

Protein families database of alignments and HvIMs anger
Institute

(E)YPOOZ72 (I)P19957

{E) Trypsin/27-259 4—».

nd the inhibitar v

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



Protein Interactions

Pfam Domain Interaction Network From 2src

Home | KeywordiDomain Search | Frotein Search | Browse Pfam | Genome Yiew | DNA Search | Taxonorny | fta | Help |

(_IP12931 Interaction between PFO0018 and PFO006S in the pdb structure 2src

Sequence Interations for SH3

Sequence information of a specific SH3:Pkinase interaction

— -
(_)Pkinase/269-518

Below, an interactive view of the interaction is available. When the view exceeds the width
of the page, green arrows will appear, which will allow you to navigate along the alignment.
Alternatively, if you have a fast network connection, you can download the view of the
interaction.

At the highest resolution, the numbers of the interacting residues are displayed.

Pfam Domain
Connecting Peptide
Requested Interaction

Other Interaction

tio 141 112 113

Explore Pfam Domains In 2src view Domain:Domain Interaction(s) in Detail

SH2
Pkinase 2
SH3 Comments or guestions on the site? Send a mail to pfam@sanger.ac.uk

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

Click here to download inter.




The Pfam Supercomputer
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Complex Complexes

ATP synthase

- Cytochrome bcl

http://www.sanger.ac.uk/Software/Pfam/
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What is Pfam?

 Database of Protein families
« Pfam defined by alignments & HMMs

 Flat classification
* Many families are related

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



Protein Space

Rossmann
Apartic
. Protease
Serine
Protease I
mmuno-
Globins globulins

http://www.zbh.uni-hamburg.de/wurst/protspace

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



Protein Space

How Can We Identify
Related families in Proteins
Space ?

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



Pfam Clans

* Group together families
— Structure databases
- PRC
— Overlaps
— Literature

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



Structural Databases
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Profile HMM
Comparison

Ai=1, Aj=1

- - == AI=0, Aj=1
Ai=0, Aj=0

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



"] think syou should be more
explicit here in step two."

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



/3 PFam: Pfam Home Page - Microsoft Internet Explorer H=]
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Browse clans

Pa Pfam: Browse Pfam by Clans - Microsoft Internet Explorer

File  Edit

m‘ Protein families database of alignments and HMMs Sanger
) Institute

Pfam: Browse Pfam by Clans

http://www.sanger.ac.uk/Sottware/Ptfam/



Clan relationships

2§ Pfan: Clan: Histone superfamily - Microsoft Internet Explorer A=

File  Edit

Wellcome Trus

fel
Sanger

e

=
Protein families database of alignments and HMMs L_{ 5

P Institute

P

Clan: Histone superfamily

Accession: CLoo1.
Identifier:

Author:

Description:

Comment:

Member familie

Clan family relationships:

Clan family alignment:

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



HMM comparisons

aThe Sanger Institute: Pairwise HMM-Logo generation form - Microsoft Internet Explorer [_ (O]

a Go | Links

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



Clan alignments

Zjhitp:/ /wew.sanger.ac.uk/ /Software,/Pfam/data/dans/alignment,/CL0012.shtml - Microsoft Internet Explorer H=
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So How Are We Doing 7

172 Clans
— Contains 1181 Pfams (15%)

— Largest Clan is NADP Rossmann

e 53 families
e Covers 4 SCOP sf
 Added over 5000 domain hits to Pfam

— Largest family without a structure is MFS

* 19 families
* Also added over 5000 domain hits to Pfam

— 66% have a structure representative.

— many families w/o structure can now be related to a
structure

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



Conclusions

* Majority of proteins have Pfam domains

 Pfam helps to understand protein
iInteractions

« Pfam clans give heirarchy

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