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Introduction

Protein domains are structural units
(average 160 aa) that share:

Function
Folding
Evolution

Proteins normally are
multidomain
(average 300 aa)
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Domains

Why to search for domains:

Protein structural determination methods such as X-ray
crystallography and NMR have size limitations that limit their
use.

Experiments used to gain insight into the function of a protein
might work better at the domain level.

Multiple sequence alignment at the domain level can result in
the detection of homologous sequences that are more difficult
to detect using a complete chain sequence.



Domain databases
SMART

Peer Bork http://smart.embl.de/
Manual definition of domain (bibliography)

Generate profile from instances of domain
Search for remote homologs (HMMer)
Include them in profile

Iterate until convergence

Schultz et al (1998) PNAS

Letunic et al (2020) Nucleic Acids Research



Domain d

= Settings @ Help ~

Sequence analysis

You may use either an Uniprot or Ensembl protein identifier or the
protein sequence itself to perform the SMART analysis service.

Sequence ID or ACC Examples: @ @

Protein sequence examples: 0 B

paste your seguence here...

Z Sequence SMART X Reset

HMMER searches of the SMART database occur by default. You may
also include:

[J Outlier homologues and homologues of known structure
[ Pfam domains

[ signal peptides

[ internal repeats

Normal mode Vl SH3 I

Architecture analysis

You can search for proteins with combinations of specific domains in
different species or taxonomic classes.

Domain selection Examples: @ B
GO terms query Examples: @ B

Taxonomic selection

sea Architecture query X Reset

You can input the domains directly into "Domain selection™ box, or use
"GO terms query" to get a list of domains. If you wish to restrict your
domain architecture query to a particular species or taxonomic class,

start typing its name in the "Taxonomic selection" box, and select a
match from the popup list.



Domain databases
SMART

SH3 Em}
Src homology 3 domains ' :

SMART ACC: 5SMO003

6

=)

Src homology 3 (SH3) domains bind to target proteins through sequences containing proline and hydrophobic amino acids.

Description: , o . : . .
Pro-containing polypeptides may bind to SH3 domains in 2 different binding orientations.

InterPro ACC: IPRO01452 #

SH3 (src Homology-3) domains are small protein modules containing approximately 50 amino acid residues [
PUBMED:15335710% PUBMED:11256992 @ . They are found in a great variety of intracellular or membrane-associated
proteins [ % expand

InterPro abstract:

GO function: protein binding (GO:0005515 &)

Family alignment: View the = ly £ : ‘Gl't'ﬁe

i There are 197 921 SH3 domains in 149 315 proteins in SMART's NRDB database.

saa Evolution # Cellular role E Literature ¥ Disease s Pathways & Structure 7 Links

Taxonomic distribution of proteins containing SH3 domains



Domain databases
SMART

Sequence analysis

You may use either an Uniprot or Ensembl protein identifier or the
protein sequence itself to perform the SMART analysis service.

Sequence ID or ACC Examples: @ B

SORL_HUMAN

Protein sequence Examples: ) B

£ >Sequence SMAR! X Reset

HMMER searches of the SMART database occur by default. You may

also include:

[J Outlier homologues and homologues of known structure
(] Pfam domains

[ signal peptides

[ internal repeats



Domain databases
S M A RT Extra features:

low complexity, TM, coiled coils

Domains within Homo sapiens protein SORL_ HUMAN 2 (Q92673)

Sortilin-related receptor

el Alternative representations: 1/4 |44 pb

" el e beE SO0 E-6- 006 -6 -6 )6 )6 ) E:) I .

i Information iva Architecture % Interactions b Pathways w PTMs 0 - - - -
Confidently predicted domains, repeats, motifs and features:
Protein length 2214 aa
Feature Start 4 End E-value
Source database UniProt @ N
- o o low complexity — 62 73 N/A
Identifi . SORL_HUMAN, Q92673, ENSP0O0000260197.6, ENSPO000026019
L E F9PPR3 VPS10 ~l ] 124 757 0.00e+00
Source gene (@ ENSGO0000137642 & ING 780 822 5 74e-06
Alternative splicing @ SORL_HUMAN, ENSP00000434634.1, ENSP00000432131.1, E9PH |y 824 866 2.38e-12
LY 867 912 3.30e-06
LY 913 953 4.63e-10
LY 954 994 2.58e+00
EGF L] 1020 1072 1.50e+01
LDLa L7 1077 1114 1.76e-14
LDLa L] 1116 1155 3.72e-13
EGF_like i 1116 1154 6.81e+01
1N~ it 11C7 4104 A 01n 14 v




Domain databases
S M A RT Extra features:

low complexity, TM, coiled coils

Domains within Homo sapiens protein SORL_ HUMAN 2 (Q92673)

Sortilin-related receptor

el Alternative representations: 1/4 |44 pb

- —-‘ VP S10 3 :| iLY}:I.Y}:LY:H"H":‘} %GF)EE]'E][E]IE]!E]E.DLH}lEj ) |EJ (EHE) ez ffena f-(rnz )-(ena ) (enz JfFns ) I =

i Information asa Architecture % Interactions "a" Pathways wf PTMs 0 Orthology

Domain arch b, teins with the same domain composition as your query

Display all p
The following 349 proteins have at least one copy of each of the domains in your query protein. Mark the checkboxes to select a set of proteins to

| display or download. Selecting a checkbox next to a taxenomic node will select all proteins in all its sub nodes. Double click a node name to expand the
| complete sub clade.

> &% Arthropoda
» =% Chordata (p
» &% Cnidaria |
b3
>

%= Echinodermata (phyiur
== Tardigrada (phylum, 1 protein)




Domain databases
S M A RT Extra features:

low complexity, TM, coiled coils

Domains within Homo sapiens protein SORL_HUMAN 2 (Q92673)
Sortilin-related receptor

B 28 = Alternative representations: 1/4 44| bk

—— —1HObEOE 00000066006 ) 6666 |-



Domain databases
S M A RT Extra features:

low complexity, TM, coiled coils

Domains within Homo sapiens protein SORL_ HUMAN 2 (Q92673)
Sortilin-related receptor

el

= —-‘ VP 510

Alternative representations 1/4 4 |

— 00O 2000000060 0006 &) 6666

| | / ‘ . ‘ ‘ danio

ound 3 of 1,16

] Eukaryota (superkingdom, 349 proteins)

] dom, 349 proteins)

] lum, 218 proteins)

] Cyprinidae (family, 7 proteins)

| “ & Danio (genus, 1 protein)

O > 4 Danio rerio (species, 1 protein)

Domains within Danio rerio protein XIWHE3_DANRE Z (XIWHE3)

Sortilin-related receptor. L(DLR class) A repeats-containing

) m
-

vl a

—q

VP510

— HOLO)— 00000 EE) 6O 6 ) 6 ) )6 )6 ) E-) l :



Domain databases

S M A RT Extra features:

EGF

Epidermal growth factor-like do

low complexity, TM, coiled coils

Ind

Far

Taxonomy

v & Archaea

| 2

“ 5% undefined superkingdol

= Bacteria

: Eukaryota

s% undefined kingdom

=% undefined kingdom
2 s Proteobacteria

5 Fungi

sz Metazoa

» =% Arthropoda

# |sf= Chordata

2 s Echinodermata
2 sk Nematoda

s Viridiplantae

2 sk Streptophyta
s undefined kingdom
2 == Apicomplexa

2 =% undefined phylun
Viruses

5 undefined kingdom

% undefined kingdom

3D structures in PDB containing this domain

Show 10 & @ structures Filter:
PDB ID Title
%daaL 1a3p & ROLE OF THE 6-20 DISULFIDE BRIDGE IN THE STRUCTURE AND ACTIVITY OF EPIDERMAL GROWTH FACTOR, NMR, 20
a
N P STRUCTURES
%{* 1adx @ FIFTH EGF-LIKE DOMAIN OF THROMBOMODULIN (TMEGF5), NMR, 14 STRUCTURES
‘z%':%? 1cqe 2 PROSTAGLANDIN H2 SYNTHASE-1 COMPLEX WITH FLURBIPROFEN

ﬁ’,&; Tevu @

éé;ﬁ Tovw @
xﬁﬁ' 1o2®?
«,:??ﬁ 1ddx ?
jsg%, 1diy 2
m 1dgb 2
FF 1ds?

CRYSTAL STRUCTURE OF ARACHIDONIC ACID BOUND TO THE CYCLOOXYGENASE ACTIVE SITE OF COX-2

Crystal structure of active site-inhibited human coagulation factor VIIA (DES-GLA)

CYCLOOXYGENASE-2 (PROSTAGLANDIN SYNTHASE-2) COMPLEXED WITH A SELECTIVE INHIBITOR, SC-558

CRYSTAL STRUCTURE OF A MIXTURE OF ARACHIDONIC ACID AND PROSTAGLANDIN BOUND TO THE CYCLOOXYGENASE

ACTIVE SITE OF COX-2: PROSTAGLANDIN STRUCTURE

CRYSTAL STRUCTURE OF ARACHIDONIC ACID BOUND IN THE CYCLOOXYGENASE ACTIVE SITE OF PGHS-1

NMR STRUCTURE OF THROMBOMODULIN EGF(4-5)

Crystal structure of the thrombin-thrombomodulin complex

Showing 1 to 10 of 458 structures «




Domain databases
PFAM (until Jan 2023)

Erik Sonnhammer/Ewan Birney/Alex Bateman
http://pfam.xfam.org/

[ ]
L)
-

EMBL_EB' Eg:énéggg HOME | SEARCH | BROWSE | FTP | HELP

el | ABOUT

Pfam 35.0 (November 2021, 19632 entries)

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

QUICK LINKS YOU CAN FIND DATA IN PFAM IN VARIOUS WAYS...
SEQUENCE SEARCH Analyze your protein sequence for Pfam matches

VIEW A PFAM ENTRY View Pfam annotaticn and alignments

VIEW A CLAN See groups of related entries
VIEW A SEQUENCE Look at the domain organisation of a protein sequence

VIEW A STRUCTURE Find the domains on a PDB structure

Sonnhammer et al (1997) Proteins

Mistry et al (2021) Nucleic Acids Research



Domain databases
PFAM

Source organism: Homo sapiens (Human)rf (NCBI taxonomy ID 96060F)
View Pfam proteome data.

Length: 2214 amino acids

This is the summary of UniProt entry SORL _HUMANf (092673 6H).

Please note: when we start each new Pfam data release, we take a copy of the UniProt sequence database. This snapshot of UniProt forms the basis of the overview that you see here. It is important to note that, although some
UniProt entries may be removed after a Pfam release, these entries will not be removed from Pfam until the next Pfam data release.

Pfam domains

This image shows the arrangement of the Pfam domains that we found on this sequence. Clicking on a domain will take you to the page describing that Pfam entry. The table below gives the
domain boundaries for each of the domains. More...

== i | - S D) T

T 5009-002000000000© © €O -




Domain databases
CDD

Stephen Bryant  http://www.ncbi.nim.nih.gov/cdd

Conserved |
Domains ¢
9EL -
SITE MAF Structure Home | 2D Macromolecular Structures | Conserved Domains | Pubchem | BioS:

Search for Conserved Domains within a protein sequence

Enter Protein Query as Accession, Gi, or Sequence in FASTA format OPTIONS

Search against database @: |COD - 34177 PSEMs j

Expect Yalue threshold: I 0.m vI

apply low-complexity filter @ M
Force live search @ [T

Maxirum number of hits IT
P Result mode ®Caoncise CEull

Submit Feset

Wang et al (2022) Nucleic Acids Res



Domain databases
CDD

Conserved domains on [lcljseqsig_bd11£632eb7f5e37972cc86915d494b1] Viewfull result |

Local query sequence

1 250 s0n Fo0 ioon 1250 1500 1750 2000 2214

Huery =eq,
calciunmbinding site S Interdormain contacts j ki

putative binding sum“ace“ Cytokine receptor mtiFJ
calciur-binding sitel Interdorain contactsJ_L
putative bindina sum“ace“ Cutokine recephor mtiFJ
calciur—binding si{-el D-H-5-0-E mtif‘
D-¥-5-0-E motif Jy D-#-5-D-E motif J
calcium-binding sitel
putative bindina sum“acel
putative binding surface S0-K-5-0-E motif Jf
calciur-binding site‘ Interdomain contacts ik
putative binding surface Sy D-R-S-0-E motif dy
D-#-5-D-E motif Jy
D-¥-5-0-E motif J} calciuvebinding site B
calciummbinding site S
putative bindinag suH‘ace“
D-¥-5-0-E motif J§
putative bindina sum“ace“
calciumebinding site M calcium-binding site S
putative bindina sur{‘ace“
D-#-5-D-E meotif gy
putative bindina sum“ace“

FH3

Specific hits Lofrojojio oo f Bio o EEFNG Jl FNG

o HoAERem N Bk
]

lti-donains  (EIVPSIONIIID

i 2

P q q F F
Search for similar dormain architectures | Refine search




Domain databases
SORLA/SORL1 from Homo sapiens

SMART

- -l oo HOHEE- OO0 EE) 666 6 ) G )G )- o) G )G

PFAM

- e | - e - 50 T

CDD

N TE D E
Lofoefokol ) fo || o] bo|@)pws | Fro sfie )

VFP510



InterPro

SIGNATURE BIOLOGICAL A
ons P eUAL MEMBER DATABASES

Homologous
Superfamilies

Profile
HMMs

3 TIGRFAM PANTHER
Domain

&
Families

-

Prosite
Profiles

HAMAP

INTERPRO

Profiles

Features sl tn
Patterns : Prosite
& sites Patterns

Composition Intrinsic
Prediction Disorder

MaobiDB

1
Pa—



InterPro
SORLA/SORL1 from Homo sapiens

https://www.ebi.ac.uk/interpro/protein/reviewed/Q92673/

. - r A . .
Entry matches to this protein® Lo options ~ || Show all annotations
1 1 1 1 1 1 1 1 1 I il
200 400 BOO BOD 1,00 1,200 1,400 1,600 1,800 2,000 2,200
’ 2214
1000 2000

= Alphafold Confidence

I EEEnr ey 1’ 1. ITanm1 1 pLDDT &4
¥ Families
WPS10-gortilin Representative families
@n‘a'ns
VPS10 SOSee oOOSeSeesesimamES Representative domains

P Zonserved Residues

b Pathogenic And Likely Pathogenic Variants



w Cornains

G S G0000 00000000 0 08B ES Representative domains

[0 1pRO15943
CATHGENEID: G30EAZ.130.10.10

Unintegrated
a SSF: S5F110286
[ 1pRODESE

SMART: ShAD0G0E

[ 1pROZ 1778
Sortilin-Vpsl0 PRAN PF15802
0 1pROZ1TTT
| Sortili.. ] PFANE PF15801
Unintegrated
[ ] CATHGENEID: GIDSAZ 10,7080

Unintegrated

CATHGENEID: GI0EA3. 3060270

I soncaan s

1380 CIPNEWKCDER EWNDOGDWSDE EDCGDSHILP FSTPGESTCL PNYYRCSSGT CVMDTWVCDG

1440 YRDCADGSDE ERCFLLANVT ARSTPTQLGR CDRFEFECHQ PETCIFNWEE CDGHQDCQDG
1300 EDEANCPTHS TLTCMSEEFQ CEDGERCIVL SERCDGFLDC SDESDEKACS DELTVIEWOH
137 LOWIADFSGD VILTWMEPEE MPSASCVYHV YYEVWGEESIW KTLETHSHET HIVLEVLEED
1620 TTECHWENVOND CLSERENTHD FVILETEEGL PDAPENLOLS LPEEREGVIV GHWAFPPIHTH
1880 GLIBEYIVEY SE3GSEMWAS QERLSNFTEI ENLIWNTLYT VEVARWTSRG IGMWSLDSESI

. LT IPRO26055
PFO0041 SSF: SSFS7424
. . . CATHGENEID: GID5AA.10.400.10
Fibronectin type lll domain
IPROD2172
Pfam domain 3;5555?5:5?322

PRINTS: PROO2G1
PFANE: PFDOOST
1557 - 1629 CDO: cd00112

[ 1pROD3961
SLART: SMOODED
PROFILE: PS50853
PFAN: PFDOO41
CDO: 400083

[0 1pRO12723
CATHGEMEID: G3IDSAZ60.40.10

[ proz611E
SSF: SSF4265

Domain instance [ﬁ:
L]
sSsSs——s——

i i
T
i



w Cornains

seses oesseaeee Representative domains

[0 1pRO15943
[ ] CATHIENEID: GI0SA2.130.10.10

Unintegrated

D SSF: S5F110296

[ 1pRODESE
VPS50 SMART: ShA00G0E

- [ 1pRoz1778
Sartilin-VpalD FFANE PF15902

0 1pROZ1TTT
ET PEAM: PF15001

Unintegrated
[ ] CATHGENESD: GI0SAZ 10,7080

Unintegrated
_ CATHGEMESD: GID5A3 3060270

[0 1pROT1042
CATHGEMEID: GIDSA2.120010.30

L
Unintegrated
] S3F: S5FA3825
IPRO00O33
—_——— SMART: SMD0135
PROFILE: PEE1120
s PFANE PFDO0S2

[0 1pROZ605S

000000000 00 SSF: S5F57424
asssssas

"1 ] CATHGEMEID: G305A4.10.400.10

IPRO02172

[, & . 1T T X X 1] SMART 1

sessesss s oo ~[Database
IR L. PRINTS:

eee8s eSS FRANE PFOO0ST

000000000 80 oD conntiz domain
entry

-1~ §F 1 I " 1° | SIART: SMDO0ED

. s
Domain instance Stw

[0 1pRO12723

e [ ] CATHGENEID: GIDSAZ 604010

[ proz611E

GEEDEED T S5F: 5540265




InterPro

4 | Browee | By Entry / Pfam [ PFO0041 [ Cverview

Pfam Fibronectin type Il domain
(P <riry O

Overview

Proteins 295k

Domain Architectures 24k
Taxonomy 26k

Proteomes &k
Structures 533

Profile HMM

AlphaFold 130k

Alignment

Member database pfam @

Pfam type domain

Short name fn3

Clan E-set

Author Sonnhammer ELL;0000-0002-9015-5588@
Sequence Ontology 0000417

DESCFiptiOH ® |mported from IPRO03361

Fibronectin is a dimeric glycoprotein composed of disulfide-linked subunits with a molecular weight of
220-250kDa each. It is involved in cell adhesion, cell merphology, thrombosis, cell migration, and
embryonic differentiation. Fibronectin is a modular protein composed of homologous repeats of three
prototypical types of domains known as types I, I1, and I11 [4],

Fibronectin type-III (FN3) repeats are both the largest and the most common of the fibronectin
subdomains. Domains homologous to FN3 repeats have been found in various animal protein families
including other extracellular-matrix molecules, cell-surface receptors, enzymes, and muscle proteins 12,
Structures of individual FN3 domains have revealed a conserved B-sandwich fold with one B-sheet
containing four strands and the other sheet containing three strands (see for example 1TEN) [, This fold is
topologically very similar to that of I[g-like domains, with a notable difference being the lack of a conserved
disulfide bond in FN2 domains. Distinctive hydrophobic core packing and the lack of detectable sequence
homology between immunoglobulin and FN3 domains suggest, however, that these domains are not
evolutionarily related 1L

#® Provide feedback

Integrated to
> IPRO03961

Representative structure

1ten: STRUCTURE OF A
FIBROMECTIN TYPE IIL
DOMAIN FROM TEMASCIN
PHASED BY MAD ANALYSIS
OF THE SELENOMETHIOMNYL
PROTEIM




InterPro

Fibronectin type Ill domainz

The Fibronectin type lll domain is an evolutionarily conserved protein domain that is
widely found in animal proteins. The fibronectin protein in which this domain was first
identified contains 16 copies of this domain. The domain is about 100 amino acids long and
possesses a beta sandwich structure. Of the three fibronectin-type domains, type lll is the
only one without disulfide bonding present. Fibronectin domains are found in a wide variety
of extracellular proteins. They are widely distributed in animal species, but also found
sporadically in yeast, plant and bacterial proteins.

Fibronectin type III domain

The tenth type III domain of fibronectin

Symbol

Pfam

Pfam_clan

InterPro

SMART

PROSITE

Identifiers

fn3

PF00041

CLO159

IPRO03961

FN3

PDOC00214



InterPro

Domain Architectures 20k { : SS}TEB‘&epthnoﬁhe:ifiéuaiﬁafion:bas-beenziitﬁit‘eda Legends
Tasoioriy [ ¥ ca'r’i‘modifjmisfwi@h-tﬁé,;‘;dni‘rauéun:iihéﬁgh‘t;siae.- however, please note this might affect the. B bacteria
performance in your browser. B icisss
Proteomes 5k
I archaea
Structures 324 =] eukaryota
¢ B Other
Signature
el Weight Segments by
Alignment | Number of sequences . |
Curation Font Size
24 "]
Sunburst Depth
6 rings
2 c—{ > 8

Selected Taxon

Name

Chordata

Number of sequences
178358

Number of species

1738

Lineage

root; Eukaryota; Metazoa; Chordata;




InterPro

Pfam A Fibronectin type lll domain
 pfam entry |

This entry matches thess structures:
Cwerview

Proteins T3EER 1 - 20 of 450 structures @
Domain Architectures 21k

Taxonomy 23k

Proteomes Bk

Structures 463 1a22 HUMAN GROWTH HORMONE BOUND TO SINGLE RECEFTOR

Signature
AlphaFold 125k
Alignment

Curation laxi STRUCTURAL PLASTICITY AT THE HGH:HGHEF INTERFACE

THIRD M-TERMINAL DOMAIN OF GP130, NMR, MINIMIZED AVERAGE

1bjs
STRUCTURE

TITIN MODULE A71 FROM HUMAMN CARDIAC MUSCLE, NMR, 50

1bpv
STRUCTURES

FDB

FDB

PDBE

PDBE

100

100

200

200



Exercise 1
Find structures in the PDB for human myosin X

Search InterPro by text using UniProt identifier Q9HD67
https://ebi.ac.uk/interpro/protein/reviewed/Q9HD67/

Q9HD67 Unconventional myosin-X

a

UniProtkKB/Swiss-Prot protein

Short name MYO10_HUMAN
Overview
_ Length 2058 amino acids
Entries 18
IStructures - I Species Homo sapiens (Human)
Sequence Proteome UPOOOOD05640

Uil Myosins are actin-based motor molecules with ATPase activity. Unconventional

AlphaFold 1 myosins serve in intracellular movements, MY0O10 binds to actin filaments and
actin bundles and functions as a plus end-directed motor. Moves with higher

Functi
unction @ velocity and takes L.

| Show More ¥ I



https://www.ebi.ac.uk/interpro/protein/reviewed/Q9HD67/

Exercise 1

Find structures in the PDB for human myosin X

« Which domains of myosin X are covered by the
solved structures?

 Is there a part of the protein for which there are no
known structures? Does it have predicted domains?



Exercise 2
Compare domain predictions to structure

1 - 7 of 7 structures @ H | Download ~ | 52
A
Zlwd MMR solution structure of Myol0 anti-CC PDE o - -
B

Structure of the human myosin-xX MyTH4-FERM . 50 0o 1500 2001

3aud . L ] A I
cassette bound to its specific carga, DCC

: A

Structure of the human myosin-X MyTH4-FERM I

Faus PDE cr 5 Sen 200

cassetie 0 000 2001

B ]

Structure of the myosin X MyTH4-FERM/DCC complex PDE




Exercise 2
Compare domain predictions to structure
*Open the structure of the 4th hit (3PZD) in

Chimera

Now colour the fragments corresponding to the
representative domains MyTH4 (in pink), B41 (in
blue) and the C-terminal PH-like domain (in

purple).

How do the domain annotations fit the structure?

Chain B in this structure is a small peptide.
Which domain is interacting with this peptide?
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