6.
Protein classifications
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Domains are reused and reinvented

The repertoire of domain superfamilies...

...duplicates and recombines to form single and multi-domain
proteins.

The same combination can adopt different geometries...

—

& Ty

.andfor different functions.
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SH2 domain

Involved in PPIs

Involved in signal
transduction

Binds phosphorylated
Tyr residues
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Protein classification

 Structural domains
* Protein families

» Sequence signatures



CATH

manually-curated hierarchical classification of
protein domain structures.

CATH / Gene3D

26 million protein domains classified into 2,738 superfamilies

Browse » Download » ake the Tour »

What is CATH? Latest Release Statistics
CATH is a classification of protein structures downloaded from the CATH v4.0
Protein Data Bank. We group protein domains into superfamilies when :
there is sufficient evidence they have diverged from a common ancestor. 235,858 CATH Domains
» Search CATH by text, ID or e Browse CATH Hierarchy 2,738 CATH Superfamilies

keyword e CATH Release Notes

http://www.cathdb.info



Class: secondary structure content (e.qg.
mainly-alpha, mainly-beta, mixed alpha/beta
or 'few secondary structures');

Architecture: general arrangement of the
secondary structures

opology (fold) takes into account the
connectivity of secondary structures in the
chain;

Homologous Superfamily: domains that are
believed to be related by a common ancestor.
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Protein sequence families



Protein families

* Defined based on MSA

* |dentification of functional amino
acids

* Diversity -> detecting remote
homologues

* |dentification of parts of the sequence
space which have no functional
annotation



Pfam database

e PFam: Family: Avidin (P...

€ | @ pfam.xfam.org/family/PF01382 v (3| |v Google

a ' B8 L @

PDBsum home page [ _}Printer »

Pfam

[keywordsearch (o)
Family: Avidin (PF01382) = 4 Lo = =

i
E ]
18 architectures 142 sequences 1 interaction 454 structures

Summary: Avidin family

Pfam includes annotations and additional family information from a range of different sources. These sources can be accessed via the tabs below

EE most visited + B Google = pubmed [Eiszotarak » [EiDisorder~ [_iANCHOR BAuUcCSC Genome

EMBL-EBI

HOME | SEARCH | BROWSE | FTP | HELP | ABOUT

81 species

E_Summary

Domain organisation

Alignments Wikipedia: Avidin =~ Pfam | InterPro
HMM logo

This tab holds the annotation information that is stored in the Pfam database. As we move to using Wikipedia as our main source of annotation, the
Trees contents of this tab will be gradually replaced by the Wikipedia tab.

Curation & model

Avidin family LZeUEERERE R

Species
Interactions

Struct i
LTS Internal database links

Jump to... ¥

enter IDfacc a

SCOOP: DUF1143

External database links

HOMSTRAD: avirs
PANDIT: PFO1382 i Example structure
PROSITE: PDOC0O0499 rH PDB entry 20F8: Crystal structure of AVR4
Pseudofam: PEO1362 7 (DIBAIC122S}BNA complex
SCOP: 1slicf View a different structure: i 20F8 : |
SYSTERS: Avidinr?

Comments or questions on the site? Send a mail to pfam-help@ebi.ac.uk.

European Molecular Biology Laboratory



Pfam sequence families

family a group of evolutionary related
proteins and/or protein regions

Q74AS6_GEOSL/6-154
B3E7D4_GEOLS/2-150
AlATYS PELPD/2-150
Q054Y1 LEPBL/2-151
Q5KKF6 CRYNE/7-162
Q7UMR5_RHOBA/2-156
Q60BWO METCA/2-151
A4BSB6_9GAMM/2-151
A1WW93 HALHL/2-151
Q1K250 DESAC/2-151
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Q75515 _NEUCR/116-280
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PFAM generalasa

SEED alignment | _: Profile-HMM

representative members . HMMER 3.0

l Search UniProt

Scored sequences

Manually curated

Automatically made

A description of the family, includes thresholds you to create
the full alignment

Rules — No false positives. A family is not allowed to overlap
with any other family



Family overlaps

Old Family

New Family




Profile Hidden Markov Models -
Encapsulate diversity

0.25 0.25 0.25
O - Insert state
@ @ E - Match state
0.75 0.75 0.75 O - Delete state

0.1 0.2 0.1
I:IBP.D.lﬁ._P.D.EI:IE F'.Cl.3I:I9
EEGIN—'-:;E:é - ggi ;rgg'i "o EnD
T 0.5 T 0.2 T 0.4
0.2

Hmmer




Information Conlent (bits)

Logos

Model Position
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Stack height is the
relative entropy of
the column:
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Letter height divides
stack height according
to letter frequency.
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Types of PFAM families

‘PFAM

« Domains —
structural information

« Families
* Repeats
« Motifs




Pfam pictograms

Active sita Metal binding Disulfida
residue Mestad domain residues bridges

DUF1034

alignment
co-ordinate

Signal Coiled Low region Partial Transmermbrang ’ — Pfam-A repeat/motif
eptide  coil complexit match Pfam-B family
bep : . 4 Pfam-£ Envelope

family fdomain co-ordinate

ragion



Pfam families with PDB structure

" with PDB
= no PDB

100%=all Pfam families



Coverage (%)

Pfam covarege

Amino acid Sequence

B UniProtkB

B Swiss-Prot
(reviewed)



Interpro
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Profiles

Sequence
alignment

Sequence | P E L. L. 8 BB € L L ¥
Resid Sequence 2 B E A P & © T M P O
sidue Sqwace:: ¥ P I V 6 Q E L L G
frequency Sequenccd: £ P VY V K E A I L K
at each Sequence 5: P E ¥ L A A ¥ I A D
are Sequence &; L E Fr I 8 E ¢ I 1 4@
pOSItIDI"I Sequence 7 F E L L G ¥ vV L ¥ ¢
- $2 -33 =18 -18 =21 =26 21 -Z4 =18 -7

Scoring p 37 13 _33 -26 -8 23 -8 -z4 -23 -1
. - 30 -20 -Is -3Z 28 -14 -21 =33 =27 =3
matnx (] (% | 1.: 7 a3 e 14 i a3 ana 14
:. i .-' :.I Jl J;- J'I. -.'. a7 :- Jl

R

o BE # L XY i L] i L L] L]

. 111} % i J& T Lem ] J 8 48 (1]

L= ] 12 L 18 4% L ] 4% 11" LP 43 )

- L - ] Fi T°] (1] (L] A 'F) &

mn a3 L] s &N il & i a4 i L]

T (11} (R4} L3 ¥ - ] L ¥ i

ot Bl 28 —if -28 -38 -7 =34 <20 =3 A8

e.g. HAMAP, PROSITE,PRODOM



HMM

Multiple sequence alignment

Sequence | F F I I 3 " & L It
Sequence 2 F K A F 6 Q T M F Q
Sequence 3 Y P I vV 6 Q@ E L L G
Sequence 4 F P VYV ¥ K E & I L K
Sequence 3 F K 1) L A A v I A D
Sequence 6 L E F 1 8 E ¢ I I &
Sequence 7 F K L L ¢ ¥ ¥ L Vv (¢
M1 A.. MI10

A

I = insert state

M = match state

D = delete state

e.g. Pfam, SMART,TIGRFAM,PANTHER..



Patterns

Sequence alignment fas

1

ALVELISG

Extract pattern ATVHESAT
seq uences CHVEDLSC
CPVESTIS

l

Build regular [AC]-x-V-x(4)-{ED}

expression

e.g. PROSITE




Fingerprint

Sequence alignment

Mlodin 2

Define motifs

Vol Motird
i ® ®
Correct order
Fingerprint signature
et A Correct spacing

e.g. PRINTS



Domain architectures
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