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QOutline

e The Swiss Institute of Bioinformatics

e What is UniProt?

e UniProt Knowledgebase: Swiss-Prot and TrEMBL
e UniRef and UniParc

e Non-redundancy, alternative splicing, post-
translational modifications, SNPs in
UniProtKB/Swiss-Prot

o Databases for protein function and domains:
PROSITE, InterPro etc
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Swiss Institute of Bioinformatics
(SIB)

e Non-profit foundation created in 1998;

e Research, development, education and services
in bioinformatics;

e Groups in Geneva,Lausanne and Basel;

e Federation of several groups (some of which
existed and collaborated long before the
foundation of the institute), about 170
researchers in 2006.
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WWW.isb-sib.ch
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The right to roam the
biological knowledge
space. Free public access to
Europe’s leading biological
‘databases will he
guaranteed under a£16.7
million ELI project called
FELICS ...

= Read more,

The 516 is an academic not-for-profit Foundation established on March 30, 1998 whose mission is bo
promote research, the development of databanks and computer technologies, teaching and serwvice
ackivities in the field of bicinFormatics, in Switzerland with international collaborations.

Practical course in
“Bioinformatics for Mass
Spectrometry in
Proteomics™ &n EMBD
practical course will fake
place in Les Diablerets -
Switzerland on 18-22
September, 2006 ..,

= Read mare,

Servers.

partners:

* ExPASY profeomics server
* Swiss node of EMBriet

* Binalps (Lake Geneva Bioclusker)
* Biozentrum, Basel

databases:

* University Hospital Center of Yaud
(CHUYY

* Ashbywa Genome Database
* Cancer Immunome Database
* Eukarwvaotic Promoker Database (EPD)

GeneBio Launches
Phenyx 2.1 at 54th
Annual ASMS
Conference, the latest
wersion of its innowvative
software platform For
protearmics M5 daka analysis

* Germionline

* MyHits

* PROSITE

* Siwiss-Prot and TrEMBL

¢ SWISS-ZDPAGE

* SWISS-MODEL Repository

* Swiss Federal Instibute of
Techrnology Lausanne (EPFL)

* Swiss Federal Institute of
Technolagy Zdrich (ETHE)
* GeneBio

* Les Hapitaux Universitaires de
Genéve (HLIE)

¢ Ludwig Inskitute For Cancer
Research (LICR)

* Simiss Institute For Experimental

software tools:

Cancer Research (ISREC)
* University of Geneva

* ESTScan

* GoiClusker

* ImageMaster | Melanie
* iMolTalk

-

MSight

SIEsim4
SWISS-MODEL
Siiss-Pdbhiewer

* University of Lausanne

external links:
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The four missions of the SIB

e Development of databases and software tools;
e High-quality bioinformatics research program;

e Courses and seminars for the training of
bioinformatics research scientists. This includes a
master’s degree in proteomics and bioinformatics,
several weekly courses and a doctoral school
(http://www.isb-sib.ch/teaching/intro.htm);

e Services to the Swiss Life Sciences communlty o,
(EMBnet node). f’s | B “‘"“:Jz'
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Swiss Institute of Bioinformatics:
13 research and service
groups
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= Bioinformatics Core Facility

= Biological Information
hodeling

= Computational Cancer
Fenamics - [SREC

= Computational Zystems
Biology

= EmMBnet Facility

= izenome Bioinformatics

= Genome Systems Biology
= Molecular Modeling

= Protein Structure
Bioinformatics

= Proteome Infarmatics (PIG)

= RMA regulatary netvorks

= Swyizs-Prot

= Tranzscriptome Analysis

= Wital-T



F N The EXPASy WWW server
L DACE WAV, @X[@@V@yﬂ@ﬂj@

e First molecular biology server on the Web (August 1993);
~500 million accesses since;

e Dedicated to proteomics:
— Databases: UniProtKB, PROSITE, Swiss-2DPAGE, etc.;
— Many 2D/MS protein identification/characterization and sequence
analysis tools;
e Mirror sites in Australia, Brazil, Canada, China, Korea and
USA: http://{au|br|calcn|us|www}.expasy.org
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Site Map | Search ExPASy | Contact us

Search | Swiss-Prot/TIEMBL = | for | Go | Clear |

ExPASY Proteomics Server

B The ExPASY (Expert Protein Analysis System) proteormics server of the Swiss Institute of Bioinformatics In-Silica Analysis of Prateins
(SIB is dedicated to the analysis of protein sequences and structures as wel as 2-0 PAGE (Disclaimer [ Celebrating the 20th Anniversary
References). of Swiss-Prot

- Reqister riow!

[Aannouncements] [Job opening] [Mirror Sites]

Tools and software packages

+ UniProt Knowledgebase {Swiss-Prot and TrEMBL) - Protein + Proteomics and sequence analysis tools
knowledgebase o Proteomics
+ PROSITE - Protein families and domains @ E_NF? 3; PthEiE (ELAST..)
_ _ . ; ; ; o Similarity searches
: SWISS-2DPAGE - Two dlmlensmnal pokyacrylamide gel electrophoresis o Pattern and profie searches (ScarProsite, )
ENZYME - Enzyme Hom_er‘lc ature _ _ o Post-translational modification and topology prediction
+ SWISS-MODEL Repository - Automaticaly generated protein models o Primary structure analysis
o Secondary and tertiary structure tools (Swiss-Pdbviewer,.. )
o Alignrment and Phylogenetic analysis

+ Links to many other molecular biology databases
+« ImageMaster / Melanie - Software for 2-0D PAGE analysis
& MSight - Mass Spectrometry Irnager
+ Roche Applied Science's Biochemical Pathways

Education and services Documentation

wWhat's New on ExPASy
SWISS-FLASH clectronic bulletins
Swiss-Prot documents

How to create HTML links to ExPASY
Complete table of available documents

+ The ExPASy FTP server

* Swiss-Shop - automatically obtain (by email) new sequence entries
relesant to your field(s) of interest

+ Vital-1T - The HPC Center for Life Sciences

* e-Proxemis - Proteomics-oriented Bicinformatics Training Portal

* & &+ &+ #
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ExXPASYy site map

CDA0LE aze

SWISS-3DIMAGE FWISS-MODEL repository 5 W3S -MODEL SWISS-PDEY iewer
3D stmchire tmages Aumaﬂ:fg:inmd protelr mﬁmmd mm 3D stmctare visalization)
Proteomicstonls

SWIES-PROT Docs

CDa0lizand deferts

AeghnalRef BWIEE-FROT
S equence analysis & T+EMEL
bibliceraplue miwnces Protein sequences

| —

Proteiti idetrtification tools h
I

Protein characterization tools

. I

d FROZITE \I
A INPACE - SRE Sequence e, Paovtein families and dmnamsjl Sequence analysistools -|‘
D el ele = Fetrieval 5 ystem T
zel alectiophorasis T
. ENZYIVME
| Bioche mical Pathrays
MELANIE Ermpame nomernclane ‘/I y
2D zel aralysis softerar
WIEa-2DBERVICE _
Suriss Shop 2D el 1ab service A o' WATAT links Anonym ous FTP server
Autoenatically ob tain nesr
sequerces relavantfo your 2D-training course Woild 2D-PAGE
field of ivdeest Cmewreek comrse in Geneva BearchExPASyl Access statistics
Hwriss-Flash

Flechomie neas bulld Table of documents

What's few?

Legend: Tools ard 5 ofbarae
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' EXPASY Life Science Directory http://www.expasy.org/links.html

(formerly known as Amos' W links page)

Notes:

1) The URL for this page is bttp:f feewese . expasy, orgflinks, bl

27 If wou would like to subrmit a specific link or to notify us of a modified link,please send ws an ernail, but remerber that we reserve the right to choose the links
want to winclide |

31 Links to protein sequence, 30 structure and 20-gel analytical tools are provided on ExPASy's Proteomics tools page.

Quick jump to the following topics:

Protein db | 3D structure db | 2D-PAGE & M5 db | DMNA/RNA db | Carbohydrates db | Organisms specific db | Human mutation db | Genes/proteins specific db | PTM
Phylogenetics db | Microarrays db | Patents | References | Dict., primers & nomenclat. | Biol. soft. & db catalogs | Gateways | Biol. journals & publishers | Biol. socie
Biocomputing servers | Biotech. companies | Bioinformatics companies | Misc. medical ref. sites | Misc. scientific ref. sites

Protein related databases

Swiss-Prot - Swiss-Prot annotated protein sequence dhb
kKabat - Kabat db of sequences of proteins of immunological interest
PMD - Protein Mutant db

InterPro - Integrated Resources of Proteins Domains and Functional Sites
PROSITE - PROSITE dictionary of protein sites and patterns

BLOCKS - BLOCKS dhb

Pfam - Protein families db (HMM derived) [Mirrors at St Louis (US4, Sanger Institute, LK, Karolinska Institutet (Sweden)]
FRIMTS - Protein Motif fingerprint dhb

ProDorn - Protein domain db (Automatically generated)

PROTOMAP - An automatic hierarchical classification of Swiss-Prot proteins
SBASE - SBASE domain db

SMART - Simple Modular Architecture Research Tool

STRIMG - Search Tool for the Retrieval of Interacting Genes/Proteins
TIGRFAMS - TIGR protein families db

P,
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Protein sequence databases: History

e 1965 Atlas of Protein Sequence and Structure (65 proteins)

e 1980 ~ 80 genes fully sequenced

e 1982 EmMBL

C e 1983 Protein information ressource (PIR)
e 1986 Swiss-Prot is created by Amos Bairoch (~3900

e 1996 TrEMBL (TRanslation of EMBL) (EBL).

Complement to Swiss-Prot to cope with the enormous quantity of new
sequences; contains all coding sequences not yet in Swiss-Prot

e 2002 uniProt consortium
e 2003 uniProt Release 1.0 public

e 2006 more than 3000000 protein sequences known !
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1986-2006

Swiss-Prot: Alive and Kicking!

You are welcome to our 20th
anniversary meeting in Brazil this year

rrrrrr
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http://www.swissprot20.org/




Register now! Deadline June 30, 2006

REGISTRATION
POSTERS
PROGRAM

I SPEAKERS

SPONSORS &
EXHIBITORS

ACCOMMODATION &
TRAVEL

Il-=|
=
@ |
=
i)
& d

B R E
il

-0
&)

B @
::";\:'

4-3 [}

=R =1

=

[
=

Confirmed Speakers:

Ron Appel (CHE)

Rolf &pweiler (GER)
Michael Ashburner (LS540
Terri Atbwood (GER)
Amos Bairoch (CHE)

Alex Baternan (GER)
Ewan Birney (GER)
Judith Blake (LS54

Peer Bork (DEL)

Philip Bourne (154)
Stewven Brenner (1J54)
S@ren Brunak (DER)
Doug Brutlag (LS54)
Philipp Bucher {CHE)
Jean-Michel Claverie (FRA)
Julio Collado-Vides (MEX)

Antoine Danchin (FRA)

Michael Dunn (LS80
Ernest Feytmans (CHE)
Takashi Gojobori {147 )
Michael Gribskow (1J54)
Winston Hide (ZAF)

Des Higgins (IRL)

Denis Hochstrasser (ZHE)
Wickor Jongeneel (CHE)
Daniel Kahn (FRA)
Minoru Kanehisa (J14F )
Jack Leurissen (MLDD
Kenta Makai ( 14F)
Cedric Mokredame (FRA)
Christine COrengo (GER)
Christos Ouzounis (GER)
Williarm Pearson (LISA)

Manuel Peitsch (CHE)

maﬁ'

Silico Analyms of Protein’s
nniversary of SWISS;!.Prﬂt
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Rich Roberts (LS4
Burkhard Rosk (L54)
Kenneth Rudd (US40
Chris Sander (1150
Torsten Schiwede (CHE)
Joel Sussman (15F)

Janet Thornkon (GER )
Jean-Frangois Tomb (1J54)
Yitek Tracz

Gunnar wan Heijne {3WE]
Cuwen White (LSA)

Edgar Wingender (GER)
Shoshana \Wadak (CAR)
Cathy Wu (LI54)

Inannis Xenarios (CHE)



The UniProt consortium

European Bioinformatics Institute

European Molecular Biology Laboratory
-

Protein
Information
Resource
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The UniProt Consortium

- 5 _,-’:Etlﬂ B ?'_-. - $i . D
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the universal protein resource R T Y

UniProt (Universal Protein Resource): the world's most
comprehensive catalog of information on proteins

www.uniprot.org, Wu et al. Nucleic Acids Res. 34:D187-191(2006).

UniProt Knowledgebase
UniRef clusters (100/90/50% identity)
UniParc (UniProt Archive)

o o,
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UniProt

theuniversal protein resource

UniProt: What does it mean for Swiss-Prot users?

e Swiss-Prot and TrEMBL will continue to exist under those
names (although now called UniProtKB/Swiss-Prot and
UniProtkKB/TrEMBL)

e PIR has stopped protein sequence db (PIR-PSD) activity but
concentrates on other topics (UniRef, IProClass)

e Information unique to PIR-PSD has been integrated into Swiss-
Prot/TrEMBL

=> UniProt Knowledgebase: Swiss-Prot and TrEMBL

e Biweekly releases

o o,
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The UniProt groups from SIB, EBI
a I"ld PI R (Antibes, September 2004)

In Geneva (SIB): |

2  Group Leaders

42 Annotators .
4  Prosite annotators

18 Programmers and Researchers At PIR:

5 Administrators, science communicators 1 Group Leader
3 System Administrators 13  Protein Science Team
4 Students 12 Informatics Team
------------------ At EBI:
78 people (Swiss-Prot + EMBL + TrEMBL) 26 people
75 people (29 Annotators)
e
_ A ",-'-" SIB E. Gasteiger - Protein databases and Trieste. June 2006
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UniProt databases

UniProt KnowledgeBase
TrEMBL

TRANSLATED
EMBL

i
it
N
mene

UniProtkKB Release 8.1 consists of

UniProtKB/Swiss-
Prot
Manually annotated

protein sequences

Release 50.1 of 13-Jun-2006:
223100 entries

uniref100 [UNiRef

UniRef 90 Mon-redundant

i Raferenceo
UniRef 50 _ :
100%>00%>50%

one UniRef100 entry =
All identical

sequences (including
fragments).

« One UniRef90 entry =
Sequences that have at least

90%0 or more
identity.

« One UniRef50 entry =

Sequences that are at least

50%b identical.

Independently of the species.

—
-

The Uhhive

UniProt Archives:
Archived raw
protein
sequences,
found in publicly
accessible
databases:

Swiss-Prot, TrEMBL, PIR,
EMBL, Ensembl, IPI,
PDB, RefSeq, FlyBase,
WormBase, Patent
Offices.

Use with
extreme
caution:
Contains
pseudogenes,
incorrect CDS
predictions, etc...

,-“’: '5"4.-3 'L ; E. Gasteiger - Protein databases and
sw ._t A r- tools
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UniProt Knowledgebase

e Swiss-Prot: Manually annotated section

e TrEMBL: Automatically generated
section

IS ——_ ] i ]
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UniProtKB/Swiss-Prot

m Swiss-Prot created in July 1986;
m Collaboration of the SIB and the EMBL/EBI;

m Annotated, non-redundant, cross-referenced, documented
protein sequence and knowledge database;

m Release 50.1 of Swiss-Prot contains 223’100 sequence
entries, abstracted from 143’000 references. This represents
240'000 sequences, taking into account splice variants;
2'700’000 cross-references; flat file size 900 MegaBytes;

m Biweekly releases; available from about ~100 servers, the
main sources being ExPASy and www.uniprot.org

swissprot

o o,

et _ ] _
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The contents of the Swiss-Prot
protein sequence database

e Sequences!
e ANNOTATIONS —___

e References

eFunction(s); role(s)

e Taxonomic d *Post-translational modifications
eDomains
eSubcellular location

o Keywords

e Cross-referer

e Documentati

eProtein

sw&;&t

;}5:3 by

=% eConflic

/protein interactions

eSimilarities
eDiseases, mutagenesis

's and variants




o
L% 2 ¥ 3 Swiss-Prot

f L . i L]
. ¥ owg .ﬂ * t Protein knowledgebase l l n I prot
*S IS Iie TrEMBL the univarsal proteln resourc
— . [ Y 5a el B ur
In-Silico Analysis of Proteins, Computer-annotated supplement to Swiss-Prot 2ol RERER ¢
Zelebrating the 20th Anniversary of Swiss-Prot

Reqgister now!

The UniProt Knowledgebase consists of:

+« UniProtKB/Swiss-Prot; a curated protein sequence database which strives to provide a high level of annotation (such as the description of the function of a protein,
its dormnains structure, post-translational modifications, variants, etc,), a minimal level of redundancy and high level of integration with other databases [More details f
References § Linking to Swiss-Prot [ User manual f Recent changes [ Disclairmer ].

* UniProtKB/TrEMBL; a computer-annotated supplernent of Swiss-Prot that contains all the translations of EMBL nuclectide sequence entries not yet integrated in
Swyizs-Prot,

These databases are developed by the Swiss-Prot groups at SIE and at EBL

UniProt Knowledgebase Release 8.1 consists of: ) .
UniProtkB/ Swiss-Prot Release 50.1 of 13-Jun-2006: 223100 entries (More statistics) = Swiss Prot headlines

UniProtkB; TrEMBL Release 33.1 of 13-Jun-2006: 2965756 entries (More statistics) =7 GV ELT S 1 & V12000 [20BEITE (IEEE] E FEbood

Access to the UniProt Knowledgebase

SRS - Access to UniProtkB/Swiss-Prot, UniProtkB/TrEMBL and other databases using the Sequence Retrieval Systemn

Full text search in the UniProt Knowledgebase

Advanced search in the UniProt Knowledgebase by description, gene narme and organism (can be used to create html links to UniProt Knowledgebase gueries)
Taxonormy browser (MEWT)

BLAST =imilarity search

by description or identification (any word in the DE, OS5, OG, GM and ID lines )

& hy citation (RL line; UniProtkB/Swiss-Prot only) h tt p - / /WWW .ex p a Sy 0 rg / S p rot /

& Retrieve a list of UniProtkB entries
& Randomly retrieve a UniProtkB entry

& LniProtkB Sequence&nnotation Yersion Database s

* Swiss-Prot ID tracker

Documents and seryvices

&
. Swiss-Prot docurnents - user manual, release notes, indices and lots of other important documents and lists

et _ ] _
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EBI Home

A

swissprot|

BL-EBI

uropean Bicinformatics Institute

About EBI

» UniProtB /fSwiss-Prot

Home
» Information
= Access
* Submissions
» Tools
- FTP
» People
* Projects
= Publications
» Documents

= Contact

u Mucleotide sequences ;I

Groups Services Toolbox Databases
LIniProt Prot DATABASE
UniProtKB/Swiss-Prot
The UniProtkB/Swiss-Prot Protein

Knowledgebase is an annotated protein
sequence database established in 1986.

A

swissprot

The UniProtkB/Swiss-Prot Protein Knowledgebase is a
curated protein sequence database that provides a high
level of annotation, a minimal level of redundancy and a
high level of integration with other databases. Together
with UniProtkB/TrEMBL, it constitutes the UniProt
Knowledgebase, one component of the Universal Protein
Resource {UniProt), a one-stop shop allowing easy access
to all publicly available information about protein
sequences.

It is maintained collaboratively by the Swiss Institute for
Bioinformatics  (SIB) and the European Bioinformatics
Institute (EBI).

The UniProtkKB/Swiss-Prot group is headed by: Rolf
Apweiler.

Downloads

http://www.ebi.ac.uk/swissprot/

Submissions

UniProt

the universal
protein resource

UniProt (Universal
Protein Resource) is
a central repository
of profein sequence
and function created
by joining the

infor mation contained
i
LniProfB/Swiss-Prot,
UniProtkBE/TrEMBL,
and FIE.

UniProtkB/

TrEMBL

TrEMBL

TRANSLATED ;i1
EMBL SR

e
sls

& profein sequence
A-bbrmmm AF

st

"..

—
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SIB ™
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Text Search UniProt Knowledgebase

Aot UniProt Fetting Started earchesf Tools Suppott Docurnentation

UniProt

theuniversal protein resource

Home

www.uniprot.org

Welcome to UniProt

UniProt (Universal Protein Resource) is the world's most comprehensive
catalog of information on proteins. It i1s a central repository of protein
sequence and function created by joining the information contained in
Swiss-Prot, TrEMBL, and PIR.

UniProt is comprised of three components, each optimized for different
uses. The UniProt Knowledgebase (UniProt) is the central access
point for extensive curated protein information, including function,
classification, and cross-reference. The UniProt Non-redundant
Reference {(UniRef) databases combine closely related sequences into
a single record to speed searches. The UniProt Archive (UniParc) is
a comprehensive repository, reflecting the history of all protein
sequUences.

The sequences and information in UniProt are accessible wvia text
search, BLAST similarity search, and FTP,

SI.I.@ European Swiss Institute of Georgetown
Bininformatics Institute Bioinfarmatics University




Let’s now look at the
content of a
Swiss-Prot entry




code Content

Occurrence 1n an entry

ID Identification One; starts the entry

AC Accession number (s) One or more

DT Date Three times

DE Description One or more

GN Gene name (s) Optional

0S Organism species One or more

OG Organelle Optional

oC Organism classification One or more

RN Reference number One or more
Manual RP Reference position One or more
annotation RC Reference comment (s) Optional

RX Reference cross-reference(s) Optional

RG Reference group Optional

RA Reference authors One or more (optional if RG)

RT Reference title Optional

RL Reference location One oOor more

CC Comments or notes Optional

DR Database cross-references Optional

KW Keywords Optional

FT Feature table data Optional

SQ Sequence header One

Amino Acid Sequence One
// Termination line One; ends the entry



EEEEEEEEEEEER

FE3

SYI_ ARCFU STANDARD ; PRT; 1018 AA.
029622;

15-JUL-1998, integrated into UniProtKB/Swiss-Prot.
01-JAN-1998, sequence version 1.

27-JUN-2006, entry version 43.

Isoleucyl-tRNA synthetase (EC 6.1.1.5) (Isoleucine--tRNA ligase) =

(21eRS) Y g Original text format, as
Name=ileS; OrderedI_.ocusNames=AF_0633; described in the SWiSS-PI‘Ot
Archaeoglobus fulgidus.

Archaea; Euryarchaeota; Archaeoglobi; Archaeoglobales; user manual

Archaeoglobaceae; Archaeoglobus.

NCBI_TaxID=2234; http://lwww.expasy.org/sprot/
[1]

NUCLEOTIDE SEQUENCE [LARGE SCALE GENOMIC DNA] . userman.htmi,

STRAIN=VC-16 / DSM 4304 / ATCC 49558 / JCM 9628; H

MEDLINE=98049343; PubMed=9389475; DOI=10.1038/37052; or as avallable by ftp! or from
Klenk H.-P., Clayton R.A., Tomb J.-F., White O., Nelson K.E.,

Ketchum K.A., Dodson R.J., Gwinn M.L., Hickey E.K., Peterson J.D., many Web servers...

Richardson D.L., Kerlavage A.R., Graham D.E., Kyrpides N.C., .... But there is a more user-

Fleischmann R.D., Quackenbush J., Lee N.H., Sutton G.G., Gill S.R., . .
Kirkness E.F., Dougherty B.A., McKenney K., Adams M.D., Loftus B.J., frlendly Way Of |Ook|ng at a||
Peterson S.N., Reich C.I., McNeil L.K., Badger J.H., Glodek A., .
Zhou L., Overbeek R., Gocayne J.D., Weidman J.F., McDonald L.A., t|\l£§ (’Eitii!
Utterback T.R., Cotton M.D., Spriggs T., Artiach P., Kaine B.P.,
Sykes S.M., Sadow P.W., D'Andrea K.P., Bowman C., Fujii C.,
Garland S.A., Mason T.M., Olsen G.J., Fraser C.M., Smith H.O.,
Woese C.R., Venter J.C.;
"The complete genome sequence of the hyperthermophilic, sulphate-
reducing archaeon Archaeoglobus fulgidus.";
Nature 390:364-370(1997).
-!1- FUNCTION: Catalyzes the attachment of isoleucine to tRNA(Ile). As
IleRS can inadvertently accommodate and process structurally
similar amino acids such as valine, to avoid such errors it has
two additional distinct tRNA(Ile)-dependent editing activities.
One activity is designated as 'pretransfer' editing and involves
the hydrolysis of activated Val-AMP. The other activity is
designated 'posttransfer' editing and involves deacylation of
mischarged Val-tRNA(Ile) (By similarity).
-1- CATALYTIC ACTIVITY: ATP + L-isoleucine + tRNA(Ile) = AMP +
diphosphate + L-isoleucyl-tRNA(Ile).
-!- COFACTOR: Zinc (By similarity).
-!- SUBUNIT: Monomer (By similarity).
-!- SUBCELLULAR LOCATION: Cytoplasm (By similarity).
-1- DOMAIN: IleRS has two distinct active sites: one for
aminoacvlation and one for editina. The misactivated wvaline is




NiceProt

e a user-friendly, added-value view of a
UniProtKB entry on EXPASy

e Many additional html links to related
servers, databases and documentation

e Direct submission to analysis tools,
minimising the number of clicks and
typing

e The default view for a Swiss-Prot entry
on ExPASy
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Accession number: to be used if you have to cite a Swiss-Prot
entry in your publication (never cite the entry name (ID) alone)

Frinker-frignidly view I

20 Direct (fast) BLASTP subjpissie

~suwissprot
In-Silico Analysis of E'!ruteins

Celebrating the 20th Anniversary of Swiss-Prot Entry higtary |
- Register niow!

> 0

® N,

UniProtKB/Swis
entry P0O0740

[Entry info] [Name and origin] [Referengés] [Comments] [Cross-references] [Keywords] [Features] [Sequence] [Tools]

MNote: mast headings are clickabie, avar iF they darn t aopegt as links, They fink to the usar manua or atfar Goctrists.
Entry information

Entry name

Frimary accession number P0O0740

Secondary accession numbers Mone

Integrated into Swiss-Prot on July 21, 1988

Sequence was last modified on June 7, 2005 (Sequence wversion 2)

Arnotations were last modified on June 13, 2006 (Entry wersion 1107

Name and origin of the protein

Frotein name Coagulation factor IX [Precursor]
SOy ms EC 3.4.21.22
Christmas factor
Plasma thromboplastin component
PTC

Coagulation factor IXa light chain

BRI Coagulation factor IXa heavy chain

Gene name Mame: F9

From Homo sapiens (Humam) [TaxID: 9608 ]

Taxonomy Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; Mammalia; Eutheria; Evarchontodlires; Primates;

Haplorrhini; Catarrbini; Hominidag; Homo,

}. ...-""--'-.., i . .
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Comments: « structured free text », 27 defined topics

« FUNCTION Factor I3 s a vitamin K-dependent plasma protein that participates in the intrinsic pathway of blood
coagulation by converting factor X to its active form in the presence of Calz+) ions, phospholipids, and factor VIIa,
CATALYTIC ACTIVITY, Selective cleavage of Arg-|-lle bond in factor ¥ to form factor Xa.

SUBLINIT: Heterodimer of a light chain and a heavy chain; disulfide-linked.

SUBCELLEEAR LOCATION Secreted protein,

TISSUE SPECIFICTTY, Synthesized primarily in the liver and secreted in plasma.

DOMA TN Calcium binds to the gamma-carboxeyglutamic acid (Gla) residues and, with stronger affinity, to another site,

beyond the Gla domain,

PTM, Activated by factor x1a, which excises the activation peptide.

+ DISEASE: Defects in F9 are the cause of recessive X-inked hemophilia B (HEME) [MIM: 306200]; also known as Christmas
disease,

+ DISFASE. MUtations in position 43 (Cxford-3, San Dimas) and 46 (Cambridge) prevents cleavage of the propeptide,
mutation in position 93 (Alabama) probably fails to bind to cel membranes, mutation in position 191 (Chapel-Hily or in
position 226 (Magoya OF. Hilo) prevent cleavage of the activation peptide,

* PHARMACEUTICAL: hvalable under the names BeneFix (Baxter and American Home Products). Used to treat hemophilia
E.

« MISCH L ANEOUS, In 1952, one of the earliest researchers of the disease, Dr. R.G. Macfarlane used the patient's surmame,
Christmas, to refer to the disease and also to refer to the cloting factor which he called the 'Christmas Factor' AL the time
Stephen Christmas was a 5-year-old boy, He died in 1993 at the age of 46 from acquired immunodeficiency syndrome
contracted through treatment with blood products,

SIMILARITY: Belongs to the peptidase S1 family [vi
SIMILARITY: Contains 2 EGF-ike domains. Ma nua l ly an nOtated

SIMILARITY. Contains 1 Gla {gamma-carbosey-glut I
SIMILARITY. Contains 1 peptidase S1 domain [view Informatlon from pa pers’

WEB RESOURCE: NAME=HAEMB; NOTE=Hemophl - SpecCialized databases, computer prediction,
URL="http: ffarinn kol ac. Lk ApfpetergreenhaemBdat

« WEB RESOURCE: NAVE=Berefix; NoTE=clrica i~ €Xternal experts, brain storming

URL="htigo: ffaraear et com foroducts benefix asp” /i~ . .
« WEB RESOURCE: NAME=Protein spotight: noTe= DiStinction between data obtained

URL="http: ffarine expasy .orgfspotightback _issues, 1 i i
. D REUR e N s €Xperimentally and computerized inferences
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Cross-references

Gasteiger E. et al, Curr. Issues Mol. Biol. 3:47-55(2001)
www.expasy.org/cgi-bin/lists?dbxref.txt

e Swiss-Prot was the first database with X-ref.;
o Explicitly X-referenced to 74 databases:
— DNA (EMBL/GenBank/DDBJ),
— 3D-structure (PDB)
— Family and domain (InterPro, PROSITE, Pfam, Prints, etc.)
— genomic (MIM, MGI, FlyBase, SGD, Subtilist, etc.)
— 2D-gel (e.g. SWISS-2DPAGE)
— specialized db (e.q.GlycoSuiteDB, PhosSite, MEROPS);

e Each UniProtkKB/Swiss-Prot entry can be seen as a central hub for
the data available about the protein it describes

o o,
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Implicit Cross-references on EXPASy

Implicit X-references to 27 additional db added by the
ExPASy server on the WWW (i.e.: GeneCards,
ModBase, etc.)

These X-refs are not present as hard-coded DR lines in
the Swiss-Prot entry as it can be downloaded by ftp,
but are added on the fly when someone views an
entry on ExPASy. This can be done because enough
information is present in the Swiss-Prot entry to
access the related information in another db.
Example: All Swiss-Prot/TrEMBL are linked to the
BLOCKS domain db, via the Swiss-Prot/TrEMBL
accession number

}. ...-"'-'-., i . .
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Organism-specific gene
databases

A0
DictvBaze
EchoBASE
EcoGene
FlvBaze
GeneDB_Spombe
GeneFarm
Gramens
HGEMC
H-InwDB
HI%
LegioList
Leproma
LiztiList
fMaizeDB
M i1

hl [ 1l
fdypulist

P hatalist
RGD
Sagalist
=D
StyGene
Subtil izt
TAIR
TubercuList
WormBase
WormFep
ZFIM

Sequence databases

Genome annotation
databases
En=embl

EenomeReviews
TIGR

Enzymme and pathway
databases

Family and domain
databases

GenedD
H.o, b P
InterPro
PAMTHER
FIR=F
Pfam
FRINTS
Pralaom
PRO=ITE
SMART
TIGRF&Ms

2D-gel databases

AMNU-2DPAGE
AarhusiGhent-2DPAGE

COMPLIYEAST-2DPAGE

ECOZDBASE
H=C-2DPAGE
QP
PHCI-2DPAGE
Fritds-20DPAGE
Rat-heart-2DPAGE
Siena-2DPAGE
SNISS-2DPAGE

EmiBL
PIR BioCyc
dniGene Reactome
_IniFrotk Bfswiss-Frot
explicit links
¥
Miscellaneous
3D structure dbhSkHP
datahases G
HoSp Intict PTM databases
FDB LinkHuh GlyvcoSuiteDB
SMR RZFPD-ProtExp Fhossite

Protein family/group
datahases

Pptazel b

Germonline

MEROQPS

REBASE

TRAMZFAC




Cross-references
Sequence databases

EMEL

FIF.
LniGGene

KO2402; AAREQE 20,1 -1 Genomic_DMNA, [EMBL / GenBank / DDEI] [ColingSequence]
100136, AAASET2E.1; -; mRMA, [EMBL / GenBank f DDEI] [ColingSequence]
100137; AMAS27E3.1; ALT_SEG,; mREMNA. [EMBL / GenBank / DDBRI] [ColingSequence]
M11309; ARAE2023.1; ALT_SEQ; mRMA, [EMEL / GenBank / DOBI] [CobDingSequence]
KO2053; ARAGEE22.1; -; Genomic_DRA. [EMBL / GenBank / DDBEI] [ColingSequence]

KO2048; ARASEEZZ. 1; JOIMNED; Genomic_DMA[EMEL [ GenBank / QOB [CoDingSequence]
KO2049; ARASSE22,1; JOIMNED; Genomic_DMA [EMBL [/ GenBank / DDBJ] [CoDingSaguence]
KO2051; ARAGEEZ22.1; JOIMNED; Genomic_DMA [EMBL / GenBank / DOBI] [CoDingSeguence]
KO2052; ARAGSE22,1; JOIMNED; Genomic_DMA [EMBL / GenBank / DDBJ] [CoDingSaguence]
AFS3E327: AAMOE188. 1) - Genomic_ DMA, [EMBL / GenBank / DDEI] [ColingSequence]

3D structure databases

FOEB

a1 | =
ModBasze

M3SE72; AAAG1981.1; -; mRMA, [EMBL / GenBank / DDBEI] [ColingSequence]
19063 AMAE2455 1) - Genamic_CMA, [EMBL / GenBank / DDBRI] [ColingSequence]
SE6752; AMBZEEEE.1; -; Genomic_ DA, [EMEL / GenBank / QOB [CobDingSequence]
SEE634; ARBZ29758.1; -; Genomic_DRA. [EMBL / GenBank / DDBEI] [ColingSequence]
AQ0922; KFHL,

Hs. 522795

1CFH; MMR,; @=47-93. [ExPASy fRCSB fEBI]

1CFL WVR,, @=< /-93, [ExPASy fRCSE fEBI]

1EDM; ¥-ray; BfC=92-130, [ExPASY / RCSB fEBI]

1IA; MMR,; @=92-130. [ExPASy fRCSE /BRI

1MGH; MNMR,; @=47-93. [ExPASy fRCSE JEBI]

IMLO; H-ray; G=47-91. [ExPASy fRCSE /BRI

1IRFM; H-ray; A=227-461, B=133-188.[ExFPASY / RCSE [ ERI]
Detailled list of inked structhures,

FoOO740) 47-191.,

o040,

Protein-protein interaction databases

DIF

FOO740,

Protein family /group databases

MEROFS

=01.214; -,



PTM databases

GlycoSuiteDB  POO740; -,

Enzyme and pathway databases
Feactome FOOF40; -,
Polymorphism databases
SeatteshPs F3.

20 gel databases

SWISS-2DPAGE Get region on 20 FAGE.
{rganism-specific gene databases

HMC HGMC: 3551, F9.

GeneCards F2.

Genely F2,; Homo sapiens.

Genhtas =

I A0E200; gene+phenotype, [MCEL f EBI]

HCVERGEN [Family / Alignment / Tree]
3ene expression databases

CleanEx HiGMC 3551, F9.
Ontologies

300005574, Cellular component: exiracelular region fron-traceabie author sigtemant).
(500003803, Molecular functon: coagulation factor Ixa actvity (fraceable guthor statemeant).
(500007526, Biological process: blood coagulation (fraceabie auidfior statemeant),

QLickiGo view,

Family and domain databases

IPROOO1SZ; Asx_hrydroeyl S,

IPRO02383; Coagulation_factor_Gla,

IFROODE210; EGF.

IFROO1433; EGF_2,

IFROOOFS S EGF 3.

IPROOIEE1; EGF_Ca_bd.

IPRODEZ09: EGF ke,

IFRO13032; EGF_lke_reg.

= | [FRO12224; Pept_S1A_Fx.
TFREOOS0ONF: Pent Ser Cws.

GO

InterPro



Ffam

FIR=F

FRIMNTS

SMART

FROSITE

Frobiom
BLOCKS

PFOOS94; Gla; 1.
FFOQOS3; Trypsing 1.
Ffam graphical view of domain structare,

FIRSFOO1143; Factor_x; 1,

FROOYZZ, CHYMOTRYFZIN,
FROOO 10, EGFELOOD,
FROCOOT, GLABLOOD,

SMO0181; EGF; 2.

SMO0179; EGF_CA; 1.

SMO00ES; GLA; 1.

SMO00Z20; Tryp_SPc; 1,

SMART graphical wview of domain structure,

PSO0010; ASS_HYDROXYL; 1.
PSOC022,; EGF_1; 1.
PS01186,; EGF_2; 2.
F>5002%,; BEGF_3; 1.
FS01187,; EGF_CA; 1.
PSOCO1L; GLA_1; 1.
PSE099E,; GLA_Z; 1.
PSE0240; TRYPSIN_DOM; 1,
F300134; TRYFSIN_HIS; 1.
FSO0135; TRYPSIMN_SER; 1.
FROSITE graphical view of domain structure (profiles),

[Comain structure [/ List of seq. sharing at least 1 domain]
FOO740,

Genome annotation databases

Ensembil
Other
LinkHub

REPD-ProtExp

SOURCE
Frotohet
LIniR.ef

EMSGOO000101981; Homo sapiens, [Contg view ]

FOOFA0; -,

[OH41673; -,
TO1e1,; -

F2; Homo sapiens,
FOO 740,
Yiew cluster of proteins with at least 5096 / 909% / 100% identity,



Key From To Length ffffffffffn
SIGNAL 1 28 28 Potential,
PROPEP 249 46 14d
CHATIN 47 451 415 Coagulation factor IX.
CHAIN 47 191 145  cCoagulation factor IXa light chain.
PROEPEE 192 226 35 Activation peptide.
CHATIN 227 451 235 Coagulation factor I¥a heavy chain.
DOMATHN 47 9z 46 zla.
DOMAIN 893 129 37 EGF-like 1, calcium-binding |[{Potentialll.
DOMATHN 130 171 42 EGF-1like Z.
DOMAIN 227 451 235 Serine proteace.
SITE 191 192 2 Cleavage (by factor HIa).
SITE 226 227 2 Cleavage (by factor HIa).
MOD_RES 33 23 4-carborygll yapTanT 419 419 1 ¥ -> E (in HEME; moderately severe].
MOD RES 54 54 d-carboxygli VARIANT 4z4 424 1 F -» V {in HEMB) .
MOD EREES a1 51 4—Carboxygllvj‘—RIj"NT 426 426 i T —-> P |(in HEME: =sewvere; Barcelos).
MOD RES a3 a3 4—carboxygllw‘RI‘i"NT 430 430 1 8-> T (:?.n HEME] .
- VARIANT 431 431 1 W -»> G {in HEME].
HOD RS 66 66 d-carboxygly gyp 431 431 1 W -» R (in HEMB; moderate].
MOD_RES 67 67 d4-carboxygll gipTanT 432 43z 1 G -» 5 (in HEMB; severe).
MCOD RES 72 72 d-carboxygli VARIINT 432 432 1 G -> ¥V (in HEME; severe).
MOD RES 73 73 4-carboxygli VARIANT 433 4373 i E -»> L {in HEME).
MOD RES 76 76 4-carboxygly VARTAIT 433 433 1 E-» K (in HENE).
- VARIANT 435 435 1 € -» YT {in HEME].
el s 73 73 d-carborydllcipranr 436 a3 1 & -» V (in HEMB:; moderately severe: Niigata) .
MOD_RESR 82 82 4-carborygll vapTanT 442 442 1 & -» E {in HEME) .
MCOD RES =]2] =]2] d-carboxygly VARIINT 447 442 1 & -»> B (in HEME; severe; Angers).
MOD_RES 110 110 3—hydroxyas; WARIANT 443 443 1 I ->» T (in HEME; moderately sewvere; Long
MOD REC 114 114 Phosphoserir Eeach, Los .i.l.ngeles and Vancouwver) .
- . |WARTANT q45 445 1 T —» TIYT (in HEME; sewvere; Lousada).
MOD_RES a0L 201 Sulfotyrosily,prant 449 449 1 R -»> 0 {in HEMB; mild).
MOD_RES 204 204 Phosphoserit yipTanT 449 449 1 R -» W {in HEMB: mild) .
DISULFID 54 (=] VARTANT 450 450 1 ¥ -> C (in HEME; sewvere).
DISULFID g7 108 WARTALNT 453 453 i WM -> B (in HEME).
DISULEID 102 117 VARIANT 454 454 1 I -> T iin HEMB; Italy).
VARIANT 461 461 i T -» P.
DISULFID 119 128 HELIX 50 63 4
DISULFID 124 145 B_V similaris TURN G 65 2
HELIX 71 77 7
TURHN 78 78 1
— HELIX g1 5a =
.SA'- R E (G TuRM g9 o1 3
suitProt £ T e

Feature aligner

Feature table viewer

VAR 006606
VAR 006607
VAR 006608
VAR 006609
VAR 006610
VAR 006611
VAR 006612
WAR 006613
VAR 006614
VAR 006615
VAR 017364
VAR 0066164
WAR 017365
VAR 017322
VAR 017323

VAR 006617
VAR 006618
VAR 006619
VAR 006620
WAR 017324
VAR 006621
VAR 014308



JD-structurg: Blood coagulation; Calcium, Calcium-binding; Direct protein sequencing; Disease mutation; EGF-like domain;
Gamma-carpoxyglutamic acid; Giycoprotein; Hemophilia, Hydrolase; Hydroxgdation; Pharmaceutical, Phosphondation; Plasma;
Pohmorphigim; Protease; Repeat; Serine protease; Signal; Sulfation; Symogen.

UniProt Knowledgebase keyword: Blood coagulation

Frotein involved in blood clotting, a complex enzymatic cascade, in which the activated form of one factor catalyzes the activation of
the next factor, Both, the extrinsic clotting pathway, induced by a damaged surface, and the intrinsic pathway, induced by a rauma,
converge in a final common pathway to form cross-inked fibrin clots,

Keyword definition and usage in Swiss-Prot

GC0007596,; blood coagulation,

Biotogioal process - Blood coaquiation Linked to Gene Ontology to further facilitate
More specific sets of entries

Fibrinolysis, Hemophilia, Hemostasis, Thrombaophilia, swon W
Entries in UniProtkB /Swiss-Prot (352):

information retrieval via controlled vocabularies

Send selected sequences to | Retieve sequences [FASTA format] = | Submit Query I Select all I

Lonomia achelous

[T ACHI_LONAC P23504 Achelase-1 (EC 3.4.21.-) (Achelase I) {iGant silkoworm mothy 213
(Saturnid moth)

Lonomia achelous

[T ACHZ_LONAZ P23805 Achelase-2 (EC 3.4.21.-) (Achelase IT) {iGant silkoworm mothy 214
{Saturmid moth)

[T ANTI_BOWIN  P41381 EE?PIHEL Antithrombin-IIT (ATIID Bos taurus (Bowine) 433
SERPINCI, . . )

[T ANT3I_CHICK Q03352 4T3 Antithrombin-111 precursor (ATI (Fragment) Gallus gallus (Chickeny 105
SERPINCI, . . Homo sapiens

[ ANTI_HUMAM  POI100S AT3, PROO09 Antithrombin-111 precursor (AT (Human) 4

™ ANT3_MESAU pe10so  SERPINGL 4 ithrombin-TIT (ATID) (Fragment) Mesocricenlls alrats - g

AT3 {5olden hamstar



Sequence information

Length: 461 AR [This is the length of the

unprocessed precursot]

the unprocessed precursor]

Molecularweight 81778 Da [This is the MW of CRCH4: CAF20C123447FEFS [This is a

checksum on the sequence]

tools

10 20 30 40 50 50
MORVHMIMAE SPGLITICLL GYLLSAECTY FLDHENAMNEI LINEPERYMNZG ELEEFVOQGHL
70 50 20 100 110 120
ERECHEEECS FEEAREVFEMN TERTTEFUWEQ ¥WVDGDOQCESH PCLNGGICED DINSYECWCE
130 140 150 160 170 180
FGFEGENCEL DWTCHNIERNGE CEQFCEN3AD NEVWWCICTEG YRLAENQEICZ EFPAVPFPCGE
150 200 210 zz0 230 240
WSVSQTIELT RAETWFPDWD VTWHNSTELAETI LDMITOQSTZZS FNDFTREUWWGE EDAEPGQFPRI
250 260 270 280 290 300
OV LINGEVDA FCOSGIIVINEE WIVTLAHCVE TGVEITWVVAG EHNIEETEHT EQERMNVIERIT
310 320 330 340 350 360
PHHINVYMALATIN EYMHDIALLE LDEPLWLMNZY WTPICIADEE YTTHIFLEFGS GYVWIGEWEREVE
370 380 390 400 410 420
HEGEIALWVLD YLEVPLVDEL TCLEITEFTI YHNMMFCAGFH EGGRDICOGED SGFPHVTEWVE
430 440 450 480
CTAFLTGIIS WEEECAMEGE YGEIVTEVIEY VHNWIEEETEL T
FOO740 in FASTA format
;l - n-"l . .
’ e E. Gasteiger - Protein databases and )
"-&- s SIB ™ g Trieste, June 2006
swiissprot $a T At

uf



... and many useful links:

| et ehtns Th origingl UniPrats BeawissProt format

I Jay ety I raw text format fho links)

Feport fornm for errorsndates in this UniProb BaSwissProt endnys

BLAST iincel (LISA)

BLAST submission on ExPASySIB

P@ ScanProsite, MotifScan

WIPSE  MPSA Seguence analysis tools

Sequence analysis tools: ProtFaram, ProtScale, Compute
plifftw, PeptideMass, PeptideCutter, Dotlet (Java)

Submit a homology modeling request to SWISS-MODEL

itis EXPASY Home page

Site Map

Search ExPASy

Contact us

Swiss-Prot

| Hosted by B 518 Switzerland | Mirror sites: | Australia | Brazil | Canada | Korea | Taiwan | USA |

e
: ,.”FSJ'B ':'-f:
EII@ A

E. Gasteiger - Protein databases and

tools

Trieste, June 2006



An example of a protein with many different
names (ANXA5_HUMAN; P08758)

DE Annexin A5 (Annexin V) (Lipocortin V) (Endonexin Il) (Calphobindin I)
DE (CBP-l) (Placental anticoagulant protein |) (PAP-I) (PP4)

DE (Thromboplastin inhibitor) (Vascular anticoagulant-alpha) (VAC-alpha)
DE (Anchorin CII).

An example of a protein with many different
gene names (TUP1_YEAST; P16649)

GN Name=TUP1;

GN Synonyms=AAR1, AER2, AMM1, CYC9, FLK1, SFL2, UMRY;
GN OrderedLocusNames=YCRO084C;

GN ORFNames=YCR84C;

—_ N
; - . _ .
_ LS :..B l_;.- E. Gasteiger - Protein databases and Trieste, June 2006
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The simplified story of a Swiss-Prot entry

cDNAs, genomes, .... « Automatic »
R e Redundancy check (100% merge)
EMBL e Family attribution (InterPro)
CDS e Many other cross-references
4= | o Annotation (computer)

TrEMBL « Manual »
e Redundancy (merge, conflicts,
polymorphism, alt. splicing)
) e Annotation (man_ual)
e sequence analysis tools
_ e literature
o Swiss-Prot e external databases (MIM, MGD....)
Direct submission ¢ Brain storming

v

Once in Swiss-Prot, the entry is removed from TrEMBL, but remains in EMBL (archive)

CDS: proposed and submitted at EMBL by authors or by genome projects (experimentally
proved or derived from gene prediction programs). TrEMBL does not translate DNA sequences,
nor use gene prediction programs: only takes CDS given in the EMBL entry.



Archives and databases

e DNA sequence archives

— EMBL/GenBank/DDBJ is an archive

e All submitted data goes into the archive

e Submitters are responsible for the submitted sequences
and the accompanying annotation

» Nobody else can change them (including the curators at
EMBL/GenBank/DDBJ)

e Amino acid sequence databases

— Swiss-Prot is NOT an archive

e Swiss-Prot chooses what goes into the database and
where to place it

e Swiss-Prot updates annotations and sequences when
necessary

o o,
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From EMBL to TrEMBL

- When submitting a nucleotide sequence, the
submitter can specify a CoDing Sequence (CDS).

- This CDS is translated by EMBL/GenBank/DDBJ.

- The corresponding protein sequence is extracted

automatically and a TrEMBL entry is created. It

contains:

- the data originally found in the EMBL entry (authors,
taxonomy, proposed gene/protein name...)

- automatic annotation (i.e.domain detection, family
attribution...)

- several additional crosslinks

i

=



TrEMBL - the automatically annotated
section of UniProtkB

e Rule-based automatic annotation (based on
InterPro matches, and machine learning
algorithms)

o EVIDENCE TAGS are added to any part of a
TrEMBL entry, indicating the source (e.g. import
from other dbs, automatic annotations, manual
fixes); available as part of the XML format.

e Swiss-Prot evidence tags probably available

early 2007

=T,

et _ ] _
_ /S si8 _h,ﬂ, E. Gasteiger - Protein databases and Trieste, June 2006
Sw .._t LAY tools



El-

e
11
a
11
£
k]

#RRES

TTLPRIPTRFTRITRITRARES

=
.

EOC LR L]
a5 114907,
LAURLH L]

R Tl
dE=AT-2

1
L1

From EMBL to TrEMBL

srnrdund, aBsh VR, 413 A

ILUF T
(L. P N

dan reyEnamsias

TSe st Mugedlacadald

Erdnygsn,

[1]

Ladt gt

[LRTT A

AMudada B

SLTTTTECEEESN L LI G ] TR E T T

g, Lb

L

[EL] 5

amtsrmgrEEyes, Semgisngyas, Tedsesass, Lnsdessiss, Sumrsdemstss,

Con i i i, fos i ligduty
. .

FLET R L

[F1

=041

L T TH
[
daadaar 0
e L,

duwiid & . Fadfrde T .

neldar-p b

Cumandda U

Pimadnant d .
LS Ard
HaPumrarn B
FETA N

[ L E o B
dn

EEEN

N B o

airy A =a

3 il

Tauranu b,

AL Lo,

[ LTS

L P FT-

Paaacke H |
vud
4R wmay d
1, Haloe R

Brigqz F oo

LFTL LN
[ JTFF I

Badqz b

Vimbamos 8
Tunrivad T
Fares w . Lwndade v . Lhtppad .
Vadil 0 =W,
win i .

4407 HERdkndd pRosm b .

w11 PR HA=-HTIS

[H
LETEE]
[T

| Ehl

[SIFIT I N
[ETCEFNE] 3
Nocamra £,

st T

Sannk J |
ardBdsd=To0 B .
abva A L W
Warakun B
=i degdansfadn af SFd S4049%

Paddos H |

metbetboan W
lacdum L J

Tigaadrd @ .
arsbpaaed b,
FITEEFE B

Pdondmrinpfn,. Tousdddn'aidamdld,

narad =t b
&, Usmrat n, Aemea J

edade # .

Pallmm T .
g o

Waossscheab J €
[FELI S LI T PR

Edadis T
ELE-F S A
Curimdonn b,

dusgs B,

Pulal B o
LEIE AL N

Mo H R

dad wdtdndd wrd

Fodlvea s Tol SEED o s 08010 %301 |

Teayd- -

Thrm e D CEYNA
P IO O o) W
Errogrs g e et o

B! = T RRIGL iy Aok 3T by Wwn

Dot N E o e Ariaw: BT n w0
ey e e o Gl s

Fvtabet sisiin [P
BT e

ow v Py [l

LI

AR Sl




| TrEMBL neither translates DNA sequences,
nor does it use gene prediction programs:
only takes the existing CDS proposed
by the submitting authors in the
EMBL/Genbank/DDBJ] entry

In particular, the proposed CDS and derived
protein sequences can be experimentally
proven or derived from gene prediction

programs
(this is not obvious from the TrEMBL entry)

TrEMBL does not validate any sequences



From TrEMBL to Swiss-Prot

‘ Literature information

(more than 1500 journals cited)

[P T Y T TT P A |

Sequence analysis

High performance bioinformatics tools

Databases and
external scientific expertise
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Annotation and sequence check
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Once manually annotated and
integrated into Swiss-Prot, the entry is
deleted from TrEMBL
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Swiss-Prot annotation tools (2)

GCR_HUMAN: | : ; v Alionment Tree

TOPOLOGY text | graphic |
Transmembrane
e ) MEMSAT.S [rule for Transmembrang]
Phobius ] Phobiuslv1 .0 [rule for Transmembrane]
DOMAIN text | graphic |
IPRO0Z5946
Hormane_recep e BEOO 04 (PROOOS3E, 2)
HoLl TR EMO0430 (PRODOSIE, 2)
Str_ncl_receptor w PO RRPOON S dfis0s (PRO0GSAE, 1)
IPRO0TG2E
MUCLEAR_REC_DBD_2 I PS51030 (IPROCEZE, §) [rule for PSS1030)
zf-C4 L] PFOC10S (PRODMEZE, 6)
InF_c4 ] SM00399 (PROD1G2E, )
Znf_Cdsteroid ] PDOO00ZS (PRODIG2S, 6)
STROIDFIMGER
PRO0D47 (PROOD1E2S, B)
MUCLEAR_REC_DBD_1 " ppatternPE00031 (PROCME2S, B)
Coiled_cail
COILS]2 1 |group=25/C* - COILE|2 Agroup=25|Cailed_coil [rule for Coiled _coil)
FOLY_SER
Paly A2 OPOLY _SER i [rule for POLY _SER]
POLY_LEU
Poly&a[2 OPCLY _LEU i [rule for POLY_LEU)
FAMILY text | graphic |
IPRO01409
GCR =TT ——— PEO215S (PRO403, 2)
GLCORTICOIDR ' ™ m o, ] PRODS2S (IPRO01409, 2)
IPROD1 723
STROHORMOMER n m
m m PRO039S (IPRO01723, 1)
SITE text | graphic |
M_ghycosylation
Methlglyc i i i Methglyel Oa [rule for M_glycosylation]
O_ghycosylation
MetOGye I T | MetOGlye|3.1 [rule for O glycosylation)
BEST GCR HUMAN  align || [identity: 99.87 %, Fullsize: 777, MatchSize: 777, Offset: 0] tent | graphic |
IMIT_MET
For B-type izofarms |
CHAIN
Gluzocorticaid recep* ———————— 300 ie 0 peceptar, A-type isoforms
Glucocorticoid recep® e ——— 300110104 P2, B-type isoforms
DAl
GluiSer ProfThr-rich* - GluwiSerProfThr-rich (PEST region)
Hinge N
Modulsting 1 ——
Steroid-binding L ——
TH_FING
Cé-type i
DrMA_BIND
Muclear receptor-typ® E—— Muclear receptor-type
MOD_RES
Phozphoszerine | | i
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Monitoring entry history: The UniProtKB
Sequence/Annotation Version archive

F
. * Frinter-frigndly view I b

g L |
UniProtKB/Swiss-Prot entry G - Subnit updte |
Q5VVv4l ~swissprot

Celebrating the 20th Anniversary of Swiss-Prot
- Register now!

[uick BlaztP search

[Entry info] [Mame and origin] [References] [Comments] [Cross-references] [Keywords] [Features] [Sequence] [Tools]

Mote: most headings are clickable, evan iFthey dont appear as finks. Thep fink bo the wser manual or other docwments.
Entry information

Entry name ARHGG_HUMARN

Primary accession nurnber Q5vv41

Secondary accession numbers QEETFO Q99434

Integrated into Swiss-Prot on = il ]

Sequence was last modified on Decernber 7, 2004 (Sequence wversion 1

Annotations were last modified o\ June 13, 2006 (Entry version 17

Name and origin of the protein

Protein narme Rho guanine nucleotide exchange factor 16
SN0 IS Mone
GEne name Name: ARHGEF16
Syniaryrns: MNER.
From Hormo sapiens (Hurnan) [TaxID: 9606]
Taxonormy Eukaryota; Metazoa; Chordata; Craniata; Wertebrata; Euteleostomi; Marnmalia; Eutheria; Euarchontoglives; Primates;

Haplarehini; Catarrhini; Horminidas: Hormo,
References

[1IMUCLECTIDE SEQUENCE [MRMA] (ISOFCRM 21,
Sasaki 5., Takei ., Ito M., Makagawara &., Fujiwara T., Takahashi E., Muto T., Tokino T., Makamora v
"Tsolation and characterization of a candidate gene for human neuroblastoma mapped to 1p36.3, MBR: a new member of the Rhof/Rac GEF family. ")
Subrnitted (NOW-19967 to the EMEL/GenBank/DDB] databases,
[2]MUCLECTIDE SEQUENCE [LARGE SCALE MRMA] (ISOFORM 2),
Kalnine M., Chen X., Rolfs &, Halleck &, Hines L., Eisenstein S, Koundinya M., Raphael 1., Mareira O, kKelley T., LaBaer 1., Lin Y., Phelan M., Farmer &,
"Cloning of human full-length COSs in BD Creator(TM) systern donor vector,
Subrnitted (May-2003) to the EMEL/GenBank/DDE] databases,




Monitoring entry history: The UniProtKB
Sequence/Annotation Version archive

g 5 3 BR site Databa
uropean Bicinformatics Institute c [ET EEIQueriE

EBI Home About EBI Groups Services Toolbox Databases Downloads Submissions
LINIPROTER SEQUENCEANMNOTATION YERSICON ARCHIMNE

« UniProt Home UniSave

UniProtkB/Swiss-Prot The UniProtkE Sequencefdnnotation Version Archive (UniSave) is a repository of UniProtkBiSwiss-Prot and
» UniProtkBMrEMBL UniProtkB/TrEMBEL entry versions.

» IniSave
» UUniSavel/Batch

Primary accession number or entry name: |05w41 Gl
Date: | day-month-vear (e.g. 30-11-1998 or J0-MOY-1898) or year-month-day.

17 matches
Compare Selected I Save |F|:|rmat| UniFratkB - I
Primary Entry Sequence

Status Accession Entry Name Version Version Release Date

N UniFrotkB/Swiss-Prot - Active Q841 ARHGG _HUMAN 17 1 B.1ADT 13-JUN-2008  View
MY UniFrotkB/Swiss-Prot - Changed Q541  ARHGG_HUMAN 16 1 B8.0/50.0  30-MAY-2006  Wiew
™ UniProtkBfSwiss-Prot - Changed 08WW41  ARHGG_HUMAN 15 1 76496 02Z-MAY-2006 View
UniProtkB/TrEMEBL  Changed  &5WW41 Q&A1 _HUMAN 14 1 T.5/325 18-APR-2006 View
UniProtkB/TrEMEBL  Changed  &5WW41 Q&A1 _HUMAN 13 1 745324 04-APR-2006  Wiew
UniProtkB/TrEMEBL  Changed  &5WW41 Q&A1 _HUMAN 12 1 7.0/32.0 O07-FEB-2006 View

1

1

1

1

UniProtkB/TrEMEBL  Changed  &5WW41 Q&A1 _HUMAN 11 B.0/31.0 13-SEP-2005  Wiew
UniProtkB/TrEMEBL  Changed  &5WW41 Q&A1 _HUMAN 10 55305 18-JUL-2005  View

UniProtkB/TrEMEBL  Changed  &5WW41 Q&A1 _HUMAN 4 547304 05-JUL-2005  View
| IniPratk BTrERMBI Chanmad | CEWGAT L DSV HILIMARK A NN N ANMAY_INNE Wi,

I o o o i



The UniProtkE SequencefAnnotation Version Archive (UniSave) is a repository of UniProtkBiSwiss-Frot and
UniProtkB/TrEMEL entry versions.

Frimary accession number ar entry name: |25/ Gol
Date: | day-month-year (e.g. 30-11-1998 or 30-NOV-19598) or year-month-day.
<< Earlier Later == << Earlier Back to List
05U Vd1 I0-MAY-Z006 25V T41l 13-JUN-Z004A
ID ARHizE HUMAN STANDARD; PRT; TOS Ak,
A Qavydl; QIETFO; Qf99434;
DT 0Z2-Mav-20065, integrated into UniProtEE/Swiss-Frot.
DT O07-DEC-2004, sequence wersion 1.
T 13-JUN-200&, entry wversion 17. .
' FubMad=14T10914d; OIS 10. 1012 nakucald i T;
DT ED_IUIAY_ZLTIDE’ Entr? ?ErSan 1e. Gregory & 6, Baclow K.F,. HcLay E.B.o. Faul B Seachre:k [,
DE RhD guanlne nuClEDtldE Exchange factur 16_ Curham &., 8cotk C.E., Howa KolL., WoodEinm E., Jpmr=ac TS 4.,
Jonres MO, Gallzann O, Fesrle 30, e Voo Pokoscanmaks P
(=30 NﬂmezAP\.HGEFlEE S}rnﬂnmﬂszP\.; MzDoreld L., Ewsra R., Phillipr K., Akkirmaen &, Coopsc Ao, Jormr Co,
. Hall FE,B.. &relcewa T,0,. Llowl -2, slns:ough E,. sliesida J,E..
o3 Homo saplens I:Hu.man} . Anbroxa KD, Andecazn F., Ardcew A_MW., sabwall RoI_= . subin Ko
lolg: Fukarwvnta: Metazmna: Chardata: Craniata: Terte Ealibage o Ko Baguuley -5 L. Baaley T Beaaley H o Erthel -4,

Human chromosome 1 reference published
New database cross-reference added

LR
DR
DR
DR
DR
DR
DR
LR
DR

Ensembl; ENJG0000013076Z; Homo saplens.
HGMNC; HZNC:¥5515; ARHGEFlA.
REPD-FProtExp; IOHZETO71;

REZPD-FProtExp; IOHS3O04: -,

REPD-FProtExp; TO410: -,

InterPro; IFROO01342; PH.

InterPro; IPROOOZ19; RhoGEF.

InterFPro; IPROO145Z; =H3.

Pfam; PFO0O1&%; PH; 1.

T Eee—

QIR i i Sl S o i S i

Bicd . 0., Beap-hllen S, Brown J.W., Erown AoJ., Buckley Do,

Evwicon J,. Bye .. cravdec © ., Chapean T O, Clavk =V, Clavke -3,
Clam C., Cobley W., Collime B.E.. Cochy M.. Cowilla T.J.. Dewisz J.,
Ceaclman Py Curin Ho. BaUTheowl Hy. BLLLagCon &.c3.. BerlngTon Ha.
Foankirh A., Fcaenklerd 2., Foarch Lo, Sscnac F., Gecrhmtk J., Gy L.,
Ghovry H BT o Gabaon k.. -31lly LiH.. -31lletec W, 3lathers BT
crafthan D.W., GritEithr .. Griffithr-Jorner 5. Gro===k A,

Hapipond = . Hacriaon B, 3, I,. Havt E . Haugien E.. He=ath B.D..

Holmaz 3., Holt Ko, Howdan F.J., Hunt A.R.. Humk 3.E., Huntec &..
Ialhecwood J , Japees B JTobinzoen © o Johazen [0 Joy A 0 Pay H
Emcahaw J.K.. Kibukews M., Einksclay 4 .M., Eing A., Knighkr &.J_,

lad H, laivd &, Lawlaor #,. Leoargaeornlert A, Lloyd [- H
Lowelerd J., Lovall J.. Lurh M.J., Lyna A.. Meckin 9.,
Hashceghl-Holarisdclt M o HaTCli#wa L,. HiCThews B35 W, Hilacen 5 .
Milna =.. Mixkcy 3., Moocm M.J.F., Hickscaon 7., 2'0all <.N-.

Oliver Fo. Balmtiry A o Falieer 304.. Pavkeo & o Fatel [0 Fearce a0,
Fuch 4.I., Falan 3., Phalpr K., Phillinoce B.3., Plunb k., Rxjan 3.,
Payecnd ¢, PovaAe G, Sasaphiesachab X0 Aehes HoE.. dhecadan B
Zhowirb4ann Po, Zinma 3., 3kuce C.0., 9nith M., Stewecd C.,

Hulbwamwantan & o Sycamoces Hoo Teoacey A, Troean? A o Yan Helpeond 2
Wull M., WMisllixr J-M., Whika 5., Whitahasd 5. L., Wilkinron J.E_,
Mylley O,L,. Mpllaoses H . MWalpeang L o Mryy BoMW, . Wy 2, Coplsan A
Yaudin M., 9ulsksn J.FE., burkirn P_, Hubkbsrd Y., Wo-ater B.,. Curhsm I.,
Caccer HoBo. HoVean &, Posx3a H,T,. Havcow J , Ol=an H Y, EBech 3@,
Rogmea 3., Bantlay D.R.;

TThhe DHs aecuernse and Biologl >4l annocaclaln of htdean Shediecaces 1 7,
Matucm 091:2LE=-321c200En

S : e SRR ) e wenk DS e



Direct access to the
UniProtKB Sequence/Annotation
Version archive (UniSave):

http://www.ebi.ac.uk/uniprot/unisave/

o o,
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Access to the UniProt Knowledgebase

Direct access (keyword search)

e Sequence Retrieval System (SRS, Europe)

e Entrez (NCBI, USA) — Swiss-Prot (not TrEMBL) is
integrated in GenPept, but with a changed format,
and with some information (e.g. cross-references)
removed

e Query tools on ExPASy & UniProt
(http://www.expasy.org/sprot/, http://www.uniprot.org)

Indirect access (sequence search)

e Bioinformatics & sequence analysis tools (Blast,
Fasta, GCG, Emboss, MS Identification tools...)




Downloading the UniProt
Knowledgebase

http://www.expasy.org/sprot/download.html

Swiss-Prot and TrEMBL form a complete, non-redundant
database, the UniProt Knowledgebase

Can be downloaded from
ftp://ftp.expasy.org/databases/uniprot/current_release/knowledgebase

In « Swiss-Prot » format, fasta or xml format
Complemented by sequences of alternative splice isoforms

« all » about « all » proteins! (at least all CDS submitted to the
public nucleotide sequence databases)

o o,

et _ ] _
_ /S si8 Hg E. Gasteiger - Protein databases and Trieste, June 2006
Sw .._t o T L tools



FTP access:
ftp://ftp.expasy.org/databases/uniprot/current_release/
knowledgebase/complete/

| ldocs 13,06, 2008 140000
_ﬁkevdeﬁxml.qz Q4 KB 21.03.2008 15:00:00 .
_ﬁreldate.txit 1KE 13052008 14:00:00 SWISS-PrOt and
_ﬁur‘liprot.dtd.qz 4 KB 13,06, 2008 14:00:00 TrEMBL are aISO
_ﬁur'lipmt.xsd 41 KB 1306, 2008 14:00:00 ava”able On
_ﬁuniprot.:x:sd.qz & KE 13.08,2006 140000 CD'ROM
| uniprot_sprot.dat.gz 180957 KB 13.06.2006 14:00:00 datalib@ebi.ac.uk
_ﬁuniprot sprot.fasta.gz 35339 KB 13.06, 2008 14:00:00
_ﬁurﬂiprot sprotml.gz 226450 KB 13,06, 2008  14:00:00
_ﬁuniprot sprot_varsplic. fasta. gz J119 KB 13.06.2008 14.00:00
_ﬁunipmt trembl.dat.qz 1126865 KB 13.08, 20068 140000
_ﬁumipmt rembl.fasta.gz 555389 KB 13.06,2008 14:00:00
_ﬁunipmt trembl.xml.gz 1331922 KB 13.08,200& 14:00:00

TrEMBL XML includes evidence tags

N @;Lt j :;,f:;: E. Gasteiger - P;géeén databases and Trieste, June 2006



If you want to develop tools to work with
your local copy of Swiss-Prot/TrEMBL.:

Swissknife — a PERL parser for UniProtKB

Constantly updated according to latest format
changes

Advantage: you do not need to know how exactly
the information is stored in the flat file

e http://swissknife.sourceforge.net/
o ftp://ftp.ebi.ac.uk/pub/software/swissprot/Swissknife/

e o _ ] _
_ /S si8 l;.- E. Gasteiger - Protein databases and Trieste, June 2006
sSw ._t LA™ tools



Swiss-Prot & TrEMBL
introduce a new arithmetical concept!

220000 + 2°000'000 ~ 1'500°000

~9500 species ~100'000 species

Redundancy in TrEMBL
&
Redundancy between TrEMBL and Swiss-Prot

Only 100% identical sequences (except fragments) from the same organism
are merged automatically (in TrEMBL)
All other merging operations are more complex and are performed manually
(in Swiss-Prot)



In the case of human proteins, the redundancy is still very high:

14’094 + 55’000 ~ about 22'000*

My Lord, they
have discovered
the human

Parrm hackers)
1 will have to

change the
password now.

* human gene number estimation:
<25'000

MS proteomics has verified more than 10% of human gene
products, but has not identified significant numbers of ____
unpredicted proteins (Southan C, Proteomics, 2004)

Missing sequences:

e Sequences not submitted to EMBL/GenBank/DDBJ, except
those submitted directly to Swiss-Prot or PIR

e Not yet predicted or known genes ("no CDS provided by the
submitters” or no DNA sequence Confidential data (Patent
application sequences)

e Immunoglobulins, T-cell receptors (-> UniParc)



Non-Redundant Complete
Proteome Sets

o Text search (e.g. SRS): UniProtKB keyword
« Complete proteome », combined with an
organism name

e Download precomputed sets (bacteria,

archaea, some eukaryotes):
ftp://ftp.expasy.org/databases/complete proteomes/entries

e EBI Integr8 http://www.ebi.ac.uk/integr8/

}. -"-F-:.i i . .
_ S s g E. Gasteiger - Protein databases and Trieste, June 2006
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Distinguishing Swiss-Prot and TrEMBL

e Definitions

— A TrEMBL entry is a computer-annotated
record derived from a certain coding
sequence (CDS) in the EMBL nucleotide
sequence database not in Swiss-Prot, after
some redundancy removal and automated

annotation.

— A Swiss-Prot entry is @a manually annotated
record for a certain protein.

o o,

et _ ] _
_ /S si8 _h,ﬂ, E. Gasteiger - Protein databases and Trieste, June 2006
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Distinguishing
Swiss-Prot and TrEMBL

ID lines

e Data Class

Swiss-Prot ID 1433B BOVIN STANDARD; PRT; 245 AA.
TrEMBL ID Q28835 _RABIT  PRELIMINARY; PRT; 90 AA.

e Entry name
Swiss-Prot ID 1433B BOVIN STANDARD; PRT; 245 AA
TrEMBL ID Q28835 RABIT PRELIMINARY;  PRT; 90 AA.

o o,

et _ ] _
_ /S si8 _Hg E. Gasteiger - Protein databases and Trieste, June 2006
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Distinguishing
Swiss-Prot and TrEMBL

AC lines
Swiss-Prot AC P29358;
TrEMBL AC Q28835;

(-> no difference! When the TrEMBL entry is annotated and
moves to Swiss-Prot, it will keep its accession number)

DT lines

Swiss-Prot
DT 01-JUL-1993, integrated into UniProtKB/Swiss-Prot.
TrEMBL

21&?-NOV£1996 integrated into UniProtkKB/TrEMBL.



TrEMBL <-> Swiss-Prot summary

e Almost all Swiss-Prot entries are derived from
TrEMBL entries

e TrEMBL entries are entries waiting to be integrated in
Swiss-Prot

e TrEMBL grows faster than Swiss-Prot, so some
TrEMBL entries will never get annotated

e TrEMBL contains redundancy
e Swiss-Prot is completely non-redundant

e For human sequences, it takes >4 TrEMBL entries to
make one Swiss-Prot entry
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Take home message

e Swiss-Prot is the non redundant, manually annotated and
highly cross-referenced section of the UniProt Knowledgebase

e Be aware of the differences between UniProtkKB/TrEMBL and
UniProtKB/Swiss-Prot

— Computer vs. Human
— Redundant vs. Non-redundant

e Always cite the Accession number, not the ID
— The AC is stable

— The ID might change
We need your feedback and your expertise! w
&

Swiss-prot@expasy.org
http://www.expasy.org/sprot/update.html
(and from every Swiss-Prot entry page on ExPASYy)
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Righting the wrongs

“Sequences are rarely deposited in a "mature” state; as with
all scientific research, DNA and protein annotation is a
continual process of learning, revision and corrections.”

“Sequencing error rates: ~1 base in 10°000”

“Making people aware of errors is good and great; making
people aware that they’re responsible also for correcting
errors is even greater”

C. Hardley, EMBO reports, 4(9), 2003.



Submitting sequences to
UniProtKB/Swiss-Prot:

http://www.ebi.ac.uk/swissprot/Submissions/spin/
EREMBLEB! @ L

EBI Home About EBI Groups Services Toolbox Databases Downloads Submissions

SN Login Form

SPIM s the web-based tool for submitting directly sequenced protein sequences and their biological
annotations to the UniProt Knowledgebase, SPIMN guides you through a sequence of WA forms

allowing interactive submission. The information required to create a database entry will be collected
during this process.

SPIN help

Login

FPleasze enteryvour login name and your password.
Please do not submit translations of nucleic acid sequences using SPIM;
Wehin should be used for all nucleotide submissions.

Laogin Mame I—
Password I
Login |

[fyou do not have an accountyet click  Register | 6




UniRef100, 90 and 50 clusters

One UniRef100 entry -> all identical sequences from
UniProtkKB and some sections of UniParc (including
fragments, Swiss-Prot splice variants).

One UniRef90 entry -> sequences that have at least
90% or more identity.

One UniRef50 entry -> sequences that are at least
50% identical.
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UniRef100, 90 and 50 clusters

One cluster can contain sequences of several species,
clustering is done independently of the organism

Each cluster has a « representative », « reference »
sequence, preferably that of the best-annotated Swiss-
Prot entry

UniRef identifiers are of the form UniRef100_P99999,
UniRef50_P00414 - not stable, as clusters are
recomputed with every biweekly release, and cluster
representatives can change!

UniRef is useful for comprehensive BLAST sequence
searches by providing sets of representative sequences.
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BLAST against UniRef www.expasy.org/tools/blast/

Entar & SwissFrolTYEMBL accession number o 8 PROTEIN sequence in RAYW formmat.

THDESELVOELARLAEQAERYDDMAAAME AV TEQGHELSNEERNLL AV AYEINV W GAREISW
RV IEaaIEQETERNERKEQONGEEYREETEAELOD ICHDVLOLLDEYL IFNATOQPEIEVF YL
EMEGDYFRYLSEVAIGDNEQTTWVINS00ATQEAFE ISKEEMOP THP IRLGLALNFSVEF YT
EILNAPEKACSLAKTAFDEATARELD TLNEESYKDS TLIMOLLRDNL TLWTIENOGDEGDA

GEGEN

Outputfclrmat:l HThL - I

Rurn BLAST II:Ir Rezet Farm I

Choose the appropriate BLAST ¥ program and © database:

i blastp - iuery against tr@m knuwledge@wiss-mm + TrEMBL}

¥ Tax0nomic groups (not available for PD'E and translated ESTY: Defau It: UnlprOtKB

selecta
datab I C lete datab I To mestict e seamh to 3 padicwlartazon, it is auck fasterto select 3 database suhsection

ald -EIS.E T -OmplEte databaze - z ey your oW t@Zomomic gmowa i the box pelow. This 3l=o gives some ooy rabe statishio:
subsection
ar specify a I Erter 2 gpecies name, @ FaziD orthe latin name of @ taxoromic gmouo Blemerts of the OC,
taxonomic graup pariowlartamon. You w3y ember 3 list separated by semicodors Y. Example: Fungi; Homo
ar select a

. i I - Nior-edurdant Swis

USR] the HAMAS pages.
proteome

™ Search only Swiss-Prot (curated sequences) ™ Exclude fragment sequences .
UniRef100/90/50
' hlastp - query against another protein datahas




BLASTp of human erythropoietin against UniRef100

o TnikFefl00 PO15S5E8 | Erythropoietin precursor [Homo =zapiens] 299 zZe-50 2 members

sp PO1558 EPOD HOMAWN Erythropoietin precurscr (Epoetin) [EPD] [Homwo sapiens [(Hwna.

I tr Q5S49Uz HUMAN Hypothetical protein EPO (Erythropoietin,) [EPO] [Homo sapiens

_'F' Tnikefl00 PO7S565 Erythropoietin precursor [Macaca fascicularis] 271 Ve-72
f"F' TniRefl00 Q228513 Ervythropoietin precursor [Macaca mulatta) 269 3e-71
f"r- TniRefl00 P33708 Ervthropoietin precursor [Felis silwvestris catus] 251 4E-E66
f"F' TniFefl00 2567E1 Erythropoietin precursor [Equus caballus] 248 4e-65
f"F' TniRefl100 P33707 Ervythropoietin precursor [Canis familiaris] 246 1e-64
f"r- TniFefl0D P25676 Erythropoietin precursor [Fattus norvegicus) 245 Je—-64
f"F' Tnikefl00 P456l7 Erythropoietin precursor [Bosz taurus] 245 4e-64
f"F' TniRefl00 PO7321 Ervythropoietin precursor [Mus musculus] 243 1le-63
+- .
. manefion P39 BV Cluster of 100% identical sequences, 1 representative
TnikRefl00 QaHS39 |Ervythropoietin precursor [Zpalax galili] 238 Le—-ig:d

tr QSHSS9 ORODE Erythropoietin precursor [EPO] [Spalax galili] 3 members
[T tr QEHSTO _3PAJD Erythropoietin precursor [EF0] [Spalax judaei (Elind subterrane.

[T tr QEHST1 9RODE Erythropoietin precursor [EPO] [Spalax carmeli]

_'F' TniRefl00 O9GKAZ Erythropoietin precursor [Oryotolagus cuniculus) 237 ge-6d
f"F' TnikFefl00 Q6HSTS Ervythropoietin precursor [Jpalax golani] 236 1e-61
f"F' TnikRefl00 QEHZ8E8 Ervthropoietin [Gorilla gorilla] 234 9e-g61
f"r- TniFefl100 O8HZIS2 Erythropoietin [Pan troglodytes] 232 4e-g0
f"F' TniFefl1l00 O3HEST Ervythropoietin [Pongo pyomaeus] 224 1e-57
f"F' TniFefl00 Q3HESE Erythropoietin [Macaca 3ap] 216 EZe-55
f"r- TniFefl1l00 O8HISS Ervthropoietin [Saguinus oedipu=] 201 Se-51
f"F' TnikRefl00 Q5100 Erythropoietin [Epinephelus coioides] 91 1e-17
4.'"l-- TniRefl00 Q&6TAM]1 Ervythropoietin [Tetraodon nigroviridis] 57 1e-16

SUOTETPTUL LY e 100IS



BLASTp of human erythropoietin against UniRef90

'l- Tnikef20 PO1533 'Ergrthrnpnietin precursaor related cluster 299 Ze-80 8 members
sp PO1555 EPO HUMAMN Erythropoietin precursor (Epoetin) [EPC] [Homo sapiens (Huma.
|_ tr Q54902 HUMAN Hypothetical protein EFO (Erythropoietin,] [EPO] [Homo sapiens .
|_ sp PO7S565 EPO _MACFA Erythropoietin precursor [EPO] [Macaca fascicularis (Crab ea.
|_ sp Q25513 EPO _MACHMU Erythropoietin precursor [EPO] [Hacaca mulatta (Rhesus macad.
|_ tr QSHZS6 SPRIM Erythropoietin (Fragmwent) [Macaca sp]
|_ tr Q5HZISS SPRIM Erythropoietin (Fragment) [Gorilla gorilla {gorilla)]

“[T tr QEHIED _PANTE Erythropoietin (Fragment) [Pan troglodytes (Chimpanzee)]

_ “[T tr QBHIET _PONPY Erythropoietin (Fragment) [Pongo pyomaeus (Crangutan)]

+|_ MniRef90 0567E1 Erythropoietin precursor related cluster 248 Ze-65

+|_ TniFefo0 P33707 Erythropoietin precursor related cluster 246 DBe-65

+|_ TniRef20 POV3Z21 Ervthropoietin precursor related cluster 243 Se-64

+|- TniRef20 P337029 Ervthropoietin precursor related cluster 240 Te-63

+|- TniRef90 P42157%7 Ervthropoietin precursor related cluster 233 Ze-62

+|_ TniRef90 QEHS39 Ervythropoietin precursor related cluster 238 3e-62

+|_ TniRef90 Q2GELAZ Erythropoietin precursor related cluster 237 Be-62

+|_ TniRef20 QSHZES5 Erythropoietin related cluster 201 6e-51

+|_ TniRef20 Q5IGJ0 Erytchropoietin related cluster 91 Te-18

+|_ TniRef20 QEUAMI1 Erythropoietin related cluster 87 1le-16

+|_ MniRef?0 Q6JVZZ Erythropoietin related cluster 84 Be-16

+|_ MniRef20 Q9CW40 Erythropoietin related cluster B7 Ze-10
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BLASTp of human erythropoietin against UniRef50

22 members!
+|_ TniRefi0 PO1588 | Erythropoietin precursor related cluster
+|_ niRef50 QATAM1 Erythropoietin related cluster
+|_ UniRefS0 020W40 Erythropoietin related cluster
+|_ UniRefS0 QeIYES Throwbopoietin related cluster
+|_ UIniRefs50 P37024 ATP-dependent helicase hrpE related cluster
+|_ TnikRefi0 QEPEZ6 Hypothetical protein ECC1043 related cluster
+|_ UniRefS0 Q4ZTe7 Mnino acid adenyvlation related cluster

299 1e-30

87 6e-17
67 le-10
40 0.008
31 5.0
30 8.5
30 8.5
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UniRef combines closely related sequences into a single record to speed sequence
searches. Such entries are indicated in the match list below with the '+’ sign. Click on it
to display the related sequences.

List of potentially matching segquences

Send selected sequences to  Clustal W [muliple alignment) = Submit Query I Select up to... I

Clustal % [multiple alignment]
T-COFFEE [multiple aligrment]
Reduce redundancy

FRATT [find congerved patternz)

W Include [UEr SEQUENCE

Submission of selected

DhicC Retrieve entries (Swiss-Prot format) Seq uences to fu rther anaIYSIS
Fletr!eve sequUences [F.:'-‘-.ST.-'—‘-. fnrm_at]

T H" TniFef20 PD15ngtlegggﬁhéglgg‘%r?iEcc;}sfs;nﬁr_‘nucgg%sr Felated cluster 299 Ze-80
F sp PO15855 EPO HUMAN Erythropoietin precursor (Epoetin) [EPC] [Homo sSapiens (Huma..
""" ¥V tr 254902  HUMAN Hypothetical protein EPO (Erythropoietin,) [EPO] [Homo sapiens .
""" I gp POVEES EPQ MACKFA Erythropoietin precursor [EPO] [Macacs fascicularis (Crab ea.
""" v Sp Q28513 EPO MACHMU Erythropoietin precursor [EPQ] [Macaca mulatta (Rhesus macad.
""" ¥V tr QE8HZse SPRIM Erythropoietin (Fragmwent) [Macaca sp]
W tr QSHzEs _9PRIN Erythropoietin (Fragment) [Gorilla gorilla (gorilla)]
""" V tr Q8HZES PANTE Erythropoietin (Fragmwent) [Pan troglodytes (Chimpanzee) ]

_ W tr QEHZET _PONPY Erythropoietin (Fragment) [Fongo pygmaeus [(Crangutan)]

+|_ TniFef20 Q567E1 Erythropoietin precursor related cluster 248 Ze-65

+|_ TniBef20 P33707 Ervthropoietin precursor related cluster 246 Se-65

+|_ TniFef20 POV321 Erythropoietin precursor related cluster 243 Se-64

+|_ TniFef20 P33709 Erythropoietin precursor related cluster 240 7e-63

+|_ TniRef20 P49157 Ervthropoietin precursor related cluster 239 Ze—-6d
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Implicit cross-link from Swiss-Prot/TrEMBL to UniRef:

Other

REPD-ProtExp  CO102; -,

SOLIRCE ALPP; Homo sapiens.
Protoiet PO=157,

‘ UniRef view cluster of proteins with at least S0% [ 90% [ 100% identity, ‘

—_ N
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UniRef90 Entry

UniRefo0D_P01588

Erythropoietin precursor related cluster

Un

Ur

Member Sequence

IProtKB

\iParc

UniProtfUniParc

UniProt

Species

1D Accessions UniRef100 ID Protein Mame Name ID Length
- Homo
EPO HUMAN  |PO1S8S UniRef100 PO1588 Ep;iﬁrr':'g';f'em sapiens 0606 | 193
P (Hurman)
Homo
QE2MZLE HUMAN | Q2MELE UniFefl00 PO15ES Erythropoietin, sapiens 2606 |193
(Human)
Macaca
fascicularis
. Erythropoietin (Crab eating
EPC MACFEA POYE6S UniFef100 PO7EES precursor rmacague) Q541 192
(Cynomolgus
rmonkey)
Macaca
. Erythropoietin mulatta
ERPD MACML 028513 UniFefl00 Q28513 precursor (Rhesus Q544 192
macagque]
. PROTEIM Homo
LUPIODO01104A62 |LUPIDOO0110862 | UniRef100 UPIOOO01104G2 (ERYTHROPOIETIN] | sapiens S50 | 166
LUPIODO0111242 |UPIDODO111242 | UniRef100 UPIODO0111242 | ERYTHROPCIETIM ?.z?pn?gng S50 | 166
DEHFE6 9PRIM | QEHZEA UniRefl00 Q8HZS86 Erythropoietin Macaca sp 2549 |133
QEHZSS OPRIM |0QSHZSS UniRef100 QEHZEE Erythropoietin fg”;;'illf'a:'f’m"'a 0503 133
Pan
DEHFEY PANTRE |QEHZE9 UniRefl00 Q8HZ89 Erythropoietin troglodytes 09598 [133
(Chimpanzee)
Pongo
DEHZEY POMNPY | QBHZEST UniRef100 QB8HISY Erythropoietin pygmaeus o500 |131
(Drangutan)

Representative
Sequence

{AC=P01588)

ELY¥TGEACRT DR

MEUVHECE AWLWLLLSLLESLFPLCLFVL GAPPEL ICDSRUVLERYLLE AKE AEN ITT FC AEHC
SLENEN ITVPDTE VN Y AWERME Y00 ATEUTQ FL ALL SEAVLEGQALLUNSEQFTWEFL QL
HDEATSCLESLTTLLRAL FAQEKEAISFPD AAS AAPLET IT ADT FREL FRUYSNILEFEL
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UniParc — the UniProt Archive

Sequences and cross-references

A comprehensive collection of the raw protein
sequences in public databases (including those not
submitted to the DNA databases):

Swiss-Prot, TrEMBL, PIR, EMBL, Ensembl, IPI,
PDB, RefSeq, FlyBase, WormBase, Patent Offices.

UniParc allows to track sequence versions

Use with extreme caution: also contains pseudogenes,
incorrect CDS predictions, etc...and highly redundant !
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UniParc allows to keep track of a protein
sequence and of its integration in various databases

Viewers: XML | ExPASy | SRS | PIR

lent data

UPI UPIooooozz477
Sequence MGVHECFAWL WLLL3LLSLPF LGLPYLGAPP RLICDIRVLE RYLLEAKEAE NITTGCAEHC
SLNENITWPD TEVHNFTAWEE MEVGQQAYEY WIGLALLSEA VLIRGOALLVN 350PWEFLOL
HVDEAVIGLE JLTTLLEALG AQFEATSPPFD AASAAPLETI TADTFRELFE VY3NFLRGEL
ELY¥TGEACET GDE
Length 193
CRCEB4 | CR1FOE4C26AS2033 e —
References DataBase Accession Yersior] | Active Created Last Update Deleted
EMBL | AAA052400.1 1 12-MAR-2003 21-MAR-Z2006 -
EMBL (408 C753791.1 i h 1z2-MAR-2Z003 21-MAR-Z006 -
EMEBL | AAF2313532.1 1 b 12-MaAR-2Z003 21-MAR-Z008 -
EMBL | AAF23134.1 1 b 12-MAR-2003 21-MAR-Z2006 -
EMBL | 448H93628.1 1 b 20-APR-Z2005 21-MAR-Z2006 -
EMBL [ 44111935.1 i h 22-1AM-2006 21-MAR-Z006 -
EMBL | AaPZ22357.1 1 b le-JUM-20032 21-MAR-Z2006 -
EMEBL | CACO9044 .1 1 b 12-MAR-2003 21-MAR-Z2006 -
EPDO ( A4x023443.1 1 b 26-MAR-2003 14-JUM-2006 -
EPD | Ax046571.1 i i 2e-MAR-2003 14-JUM-2008 - a
EPD | AXEZ20725.1 1 b 26-MAR-20032 14-JUM-200c -
EPDO | 4x591241.1 1 b 26-MAR-2003 14-JUM-2008 -
EPD | A4x5d449235.1 i i Ze-MAR-2Z003 14-JUM-2006& -
Ensembl{Human]) | EMSPO0000252723 i h oi-APR-20032 0z-APR-Z0068 -
IPI | IPIOOOOS100.1 i M 14-MAR-20032 - 10-APR-2003
IPI |IPIOO3Z07226.1 1 M 1z-JUmM-20032 - 03-0CT-2002
IPI |IPIOO3Z07226.3 3 b 19-Mo-2003 13-JUM-2006& -
JPO (BDE1747E i i O&-JUL-2004 19-MAY-2006 -




UniParc entry UPI0000033477 part 2

RefSeq |NF_000790.2 2 ¥ 07-APR-2005 08-MAY-2006 -
RemTrEMBL | CACO9044 1 M 25-MAR-2003 - 17-NOW-2003
Swiss-Prot | PO1588.1 1 ks 01-MOW-1985 27-1UN-2006 -

TROME(HOman) | M1 00 ass 293 0 z T TU-DEL-Z00 3 = TE-APR-Z00q
TROME(Human) |WT_007933_293_1 2 M 20-DEC-2003 - 16-APR-2004
TROME(Human) |NT_007933_299_101 1 M 25-FEB-2005 - 25-FEB-2005
TROME(Human) |MWT_007933_299_34 1 M 25-FEB-2005 - 25-FEB-2005
TROME(Human) |MWT_007933_301_32 1 M 23-A0G-2004 - Zg-AlG-2004
TROME(Human) |MT_007933_301_87 1 M 23-A0G-2004 - Zg-AlG-2004
TROME(Human) |MT_007933_302_101 1 M 28-MON-2004 - 20-FEB-2005
TROME(Human) |MT_007933_203_35 1 M 28-MON-2004 - 20-FEB-2005
TROME(Human) |NT_007932_315_0 3 M 13-A0G-2004 - 13-AUG-2004
TROME(Human) |NT_007933_315_1 3 M 13-A0G-2004 - 13-AUG-2004
TROME(Human) |NT_007933_326_0 1 M 11-Mon-2003 - 02-DEC-2003
TROME(Human) |NT_007933_326_1 1 M 11-Mon-2003 - 02-DEC-2003
TROME(Human) |MT_0079232_3&& 0 & e 03-AUG-2005 04-AUG-2005 TrEMBL emtry probably to
TROME(Human) | HT_007933_366_1 & ks 03-AUG-2005 I:I4-ALIG-2EII:IS// be merged into Swiss-Prot
TROME(Human) |NT_079595_293_0 1 M 20-DEC-2003 / 16-APR-2004
TROME(Human) |NT_079595_293_1 1 M 30-DEC-2003 / 16-APR-2004
TROME(Human) |NT_079595_322_0 2 M 23-Au|:3-2|:u:|4// - 28-AUG-2004
TROME(Human) |NT_079595_322_1 2 M ES-AUW - 28-AUG-2004
TROME(Human) |NT_079595_323_0 1 M W-zum - 13-AUG-2004
TROME(Human) |NT_079595_323_1 1 N‘//13-ALIG-2EID4 - 13-AUG-2004

TrEMBL | O2MZL6.1 1 ¥ 21-FEB-2006 27-1UN-2006 -

TrEMBL | 54902 .1 1 M 24-MaY-2005 - 11-0CT-2005
TrEMBLnew | AAPZ2357 1 ——Gaca-2003 - 11-JUN-2004

UPOD |AAAD0944,1 1 e EE-MAR-ZEFWE rEMBL entrv was merged
UPD |AAAS4969,1 1 e 26-MAR-2003 19-MaY-2006 ot Swwiss-Prot

UPD |AAA54970,1 1 e 26-MAR-2003 19-May-2006 -

UPOD | AAASS466.1 1 e 26-MAR-2003 19-May-2006 -

UPOD | AAASE055.1 1 e 26-MAR-2003 19-May-2006 -




« Non-Redundancy » definitions

e UniParc

— One UniParc entry for all 100% identical sequences (from
many different databases)

e UniRef

— One UniRef100 entry for all 100% identical sequences
(including subfragments) from the UniProt Knowledgebase

\

e Swiss-Prot
— One Swiss-Prot entry per gene/protein, including
fragments, variations, splice variants

o o,
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How many species are
represented in Swiss-Prot ?

http://www.expasy.org/sprot/relnotes/relstat.html

o Almost 10000 different species;

e 20 species represent about 35% of all sequences in
the database; S

e >7'000 species are only represent:
by one to three sequences.

In most cases these are sequences
which were done in the context

of a phylogenetic study.

Archaea [BY)

Eukaryota (45%)

—__
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w@ / 5 ’FJE'T‘ E. Gasteiger P;z;e;\/sn databases and Trieste, June 2006



Swiss-Prot annotation priorities

The main annotation programs:

e HAMAP (High quality Automated and Manual
Annotation of microbial Proteomes; bacteria,
archaea, chloroplasts, mitochondria);

HPI (Human Proteomics Initiative);

PPAP (Plant Proteome Annotation Project);
FPAP (Fungal Proteome Annotation Project);
Viral Proteins;

Tox-Prot (Toxin Annotation Project);
ENZYMES (proteins with EC numbers);

PTMs

3d-structure

@
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Model organisms

e Organisms for which we want to have a
more in-depth coverage;

o Completeness, links with specialized
databases, specific documents;

e Examples: E.coli, B.subtilis, Human,
Mouse, Fly, C.elegans, Yeast, S.pombe,
A.thaliana.
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Human proteomics initiative (HPI) status report

UniProtKB/Swiss-Prof Release 50.1 of 13-Tun-20086: 223100 entries (Refease statistics)
Total number of annotated mammalian seguences in UniProtKB/Swiss-Prot: 43070

Total number of annofafed hurman seguences in UniProtKB/Swiss-Prot: 14094

max per |average per [number of
entry entry entries

Mumber of isoforms due to alternative splicing, initiation or

FiO7 0.55 4129 (29,30%)
promoter usage:
Mumber of variants (disease mutations and polymorphisms): 26439 252 1.88 4390 (31.15%)
Numbgr of annotated post-n’anslgnc:nal modifications 38255 513 571 7120 (50.52%)
(experimentally proven or potential):
' . , 65464 (35597 distinct 153545
Mumber of references to published articles: references) 152 4,64 (98, 23%)
Mumber of comment blocks: 77984 a0 5.53 13774
(97.73%)
ines: 14094
Mumber of feature lines: 349393 7l 24.79 (100.00%)
) o 68538 (58472 distinct 13927
Mumber of cross-referenced EMBL protein_ids: proten_ids) 539 4,85 (9B.52%)
Mumber of cross-references to InterPro: 37315 21 265 12744
(90.42%)
Mumber of cross-references to PDB (30-structure): 8454 185 0.&0 2203 {15.63%)
Mumber of cross-references to MIM: LR (1128.1 OiiEnet 13 .85 9753 (69.20%)
MIM entries)
) , 13497 (13369 distinct 13439
Mumber of cross-references to HEMC HGNC entries) 13 0,36 (95, 359%)
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Swiss-Prot documents

http://www.expasy.org/sprot/sp-docu.html
ftp://ftp.expasy.org/databases/uniprot/current release/
knowledgebase/complete/docs

About 90 different documents:
e User manual, release notes;

e Indices (authors, citations, keywords,
etc.);

e Lists per species or per chromosome;
e Nomenclature documents;

e User-maintained specialized documents

}. ...-"'-'-., i . .
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UniProtKB/Swiss-Prot U 4 | P["'Ot

SUJISﬂ!mt Documentation the universal protein resource

Most of the documents listed in this page can also be downloaded by fip (versions without bypertesxt links),

[General documents] [Nomenclature documents] [Species-specific documents] [Other documents]

General documents

+ User manual for the UniPFrot Knowledgebase (UniProtkB/Swiss-Prot+UniProtkB, TrEMEL)

+ Release notes for the current major release [ Statistics for the current biweekly release; UniProtB/Swiss-Prot +
UniFrot<B/TrEMBL

+ Recent format changes: flat fle format f XML format

Forthcoming format changes: flat file format /XML format

L ]

UniProtBSwiss-Prot annotation: how biochemical information is assigned to seguence entries
List of on-line experts

List of abbreviations for journals cited

List of keywords and definition of their usage
T oferganism ideribficanon codes http://www.expasy.org/sprot/sp-docu.html
List of strains

List of plasmids

List of post-translational modifications

List of databases cross-referenced in UniProtKB/Swiss-Prot

Index of CC Pathweay lines in UniProtkB fSwiss-Prot [Browse ]

Index of CC SIMILARITY lines in UniProtB/Swiss-Prot [Browse]

* &+ ¥ % & ¥ B ¥ F ¥ B

Nomenclature documents

Praotein naming guidelines ™

List of nomenclatire related references for proteins
Momenclature of extracelular domains
Blood group antigens proteins

[ TPV U I iy

* &+ ¥ »

- . v ) [, T
o
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New document;
Protein naming guidelines

A “recommended name” (RN) should be unique and attributed to all orthologs. One reason
for this is that it should be possible to propagate a protein name to all orthologous
proteins, from various organisms. This is why, ideally, the protein name should not contain
a specific characteristic of the protein, and in particular it should not reflect the function or
role of the protein, nor its subcellular location, its domain structure, its tissue specificity, its
molecular weight or its species of origin.

Therefore a RN should :

e not contain information about the molecular weight of the protein. e.g. "Unicornase subunit
A" is preferred to "Unicornase 52 kDa subunit."

e not be based on the name of a disease. e.g. "Bloom syndrome protein" is not suitable.
e not be based on tissue specificity. e.g. "Testis-specific protein ..." is not suitable.

e not be based on the species name. e.g. "Yeast Ku70 protein" is not suitable.

e not be based on the gene induction. e.g. "Androgen-induced protein 1" is not suitable.

The most optimal RN is a word that ends with "in" and which can be easily pronounced in
English. e.g. "Zyxin", "Insulin”, "Hemoglobin", "Caveolin®, "Desmoglein”, "Secretin”, etc.

gty _ ] _
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UniProtKB/Swiss-Prot annotation
and protein diversity

1. Alternative splicing.
2. Variants.
3. Post-translational modifications.

Boeckmann B. et al. Protein variety and functional diversity:
Swiss-Prot annotation in its biological context
Comptes Rendus Biologies 328:882-99(2005).



From genome to proteome

about 1'000'000 human proteins

about 30'000 human genes
Y

genome

N\

2-5 fold increase

roteome

post-translational
modifications of proteins

i . . (PTMs)
alternative splicing

transcriEtome

about 100°000 human transcripts

__M" . .
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Estimation of % alternatively spliced human genes

Mironov et al., 1999 > 35 %
Croft et al., 2000 > 22 %
HGC, 2001 > 59 %
Kan et al., 2001 > 55 %
Modrek et al., 2001 > 42 %
Brett et al., 2002 > 50 %

20% of all human Swiss-Prot entries have annotation
about alternative splicing

More than half of the changes brought about by splicing are
simple: missing/inserted N-, C- or internal regions; the rest
can be very complex.

o o,
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Swiss-Prot & alternative splicing

e Annotation at two levels: comments and
features;

e The sequence record generally represents the
longest isoform;

e Stable isoform identifiers and feature
identifiers have been introduced to facilitate
access to splice isoforms

e Many tools on ExPASY have been adapted to
distinguish the various splice isoforms.

}. -"-F-:.i i . .
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Keywords

2A5G_HUMAN, Q13362
rolase; Multigene family; Huclear protein; Phosphondation: Protein phosphatase.

Keywaorrie

Alternative splicing; Hy
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P73_HUMAN (015350) references to alternative isoforms

References
[1] WUCLECTIDE SEQUEMNCE [MRMACIISOFORMS ALPHA AMND BETADL

[2]

[3]

[4]

[5]

[6]

TISSUE=Colon;
DoOI=10,1016/5S0092-2674(00120540-1; PubMed=92858759 [MCEI, ExPASy, EBIL, Israsl, Japan]

kaghad M., Bonnet H,, Yang 4., Creancier L., Biscan 1.-C,, Yalent &, Minty 4., Chalon P., Lelias 1,-M., Dumont X, Ferrara P., Mckeon F., Caput D,
"Monoallelically expressed gene related to pS3 at 1p36, a region frequently deleted in neuroblastorma and other human cancers,”;

Cell 90:8029-819(1997 ],

HUCLEQTIDE SEQUEMNCE [GEMNCOMIC DA,

CioI=10,10068/geno, 1998.53587; PubMed=7ad200 [LICEL-FTPASy, BRI, Israsl, Japan]

Mai M., Huang H., Reed C,, Qian €., Smith 1.5., Alderete B., Jenkins R, Smith OLI., Liu W,

"Genomic organization and mutation analysis of p73 in oligodendrogliormas with chromosome 1 p-armn deletions.”;
Genomics 51:359-363(1993],

HUCLEOTIDE SEQIUEMCE [MHN&@MS GAMMA ARD @

TISSUE="euroblastoma;
CioI=10,1084/jerm. 1838.9,1763; PubMead=9802932 [NCBI, ExPASy, EBI, Israsl, Japan]

De Laurenzi ¥, Costanzo &., Barcaroli D, Terrinoni &, Falco M., Annicchiarico-Petruzzeli M., Levrero M., Melino G.;

"Two new p7a splice wariants, garmra and delta, with different transcriptional activity,”;
1. Exp, Med, 188:1763-1762(1993),

MNUCLEOTIDE SEQUEMCE [MRMA] (ISOFORMS EPSILOMN AMD ZETA].

TISSUE=Hepatoma, Lymphocyte, Marmmary cancer, and Skin;

CioI=10,1038/5j.cdd.4400521; PubMed= 102281648 [MCEI, ExPASy, EEI, Israsl, Japan]

De Laurenzi ¥, Catani MY, Terrinoni &., Corazzari M, Melino G., Costanzo &, Levrero M., Knight B4,

*tdditional complexity in p73: induction by mitogens in ymphoid cells and identification of two new splicing variants epsilon and zeta.”;

Cell Death Differ, 6:389-290(1999],
MNUCLEOTIDE SEQUEMNCE [GEMOMIC D& JISOFORM SALPHA,
DOI=10,1038/5j.0nc, 1202677, PubMed= 10382262 [LICE-FTPASy, EBI, Israel, Japan]

Yoshikawa H., Magashirma M., Khan M. A, McMenarnin M.G., Hagiwara k., Harris CC,;
"Mutational analysis of p73 and pS3 in human cancer cell lines,";
Oncogene 18:3415-3421019997,

HUCLEQTIDE SEQUEMNCE [MRMA] (ISOFORMS DMN-ALPHA; DMN-BETA ARD DR-GAMMA],

DOI=10,1038/sj.cdd, 4400962 PubMed=11753560 [MCBI, ExPASY, EBI, Israsl, Japan]

Grob T.J., Mowak U, Maisse C., Barcaroli D., Luthi &.U., Pirnia F., Hugli B., Graber H.U,, De Laurenzi ., Fey M.F,, Melino G., Tobler &,
"Hurnan DeltaMNp?3 regulates a dominant negative feedback loop for TARFS and p53.";

el Death Differ. 8:1713-1223(20071
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P73_HUMAN (015350) Comment topic « Alternative products »

o Al TERNATIVE PRODUCTS. 9 named isoforms [FASTA] produced by alternative splicing.

Mame Alpha
Isoform [0 15350-1
This is the isoform sequence displayed in this entry.

— Unique and stable isoform IDs

MName Beta
Isoform 1D/ 015350-2 4=
Features which should be applied to build the isoform sequence: YSP_0085339,

MName Gamma

[soform 1D 15350-3

Aiofe: The splicing of exon 11 results in a frameshift from the original reading rame.

Features which should be applied to build the isoform sequence: WSP_ 006540, YSP 008541,

Name Delta Featu re IDS

Isoform [0 0 15350-4
Features which should be applied to build the isoform sequence: WSP_008542, WSP_006543,

Name Epsilon
Isoform ID 0 15350-5

Mote: The splicing of exon 11 results in a frameshift from the original reading frame, The splicing of exon 13 reverts the reading frame to the
sequence of isoform Alpha.

Features which should be applied to build the isoform sequence: WSP_006544, YSP_006545,

Mame Zeta
Isoform [0 Q0 15350-6
Features which should be applied to build the isoform sequence; YSP_D0E54E,

Mame dm-Alpha
Isoform [0 0 15350-8
Features which should be applied to build the isoform sequence: ¥SP_014 368,

Mame dN-Beta
Isoform [0 0 15350-3



Alternative splicing in feature tables — and
links to reconstituted sequences

UAR_SEQ 1 62 MAQSTATSPDGGTTFEHLWSSLEPDSTYFDLPQSSRGHNE USP_014368
UUGGTDSSHDUFHLEGMTTSUM -> MLYUGDPARHLAT (in
isoform dN-Alpha, isoform dN-Beta and isoform
dN-Gamma) .

UAR_SEQ 400 495 Missing (in isoform Zeta). USP 006546

UAR_SEQ 400 476 SHLAPPSYGPULSPHMNKUHGGMNKLPSUNQLUGQPPPHSS I USP_QOE540 I
AATPNLGPUGPGMLNNHGHAUPANGEMSSSHSAQSMU ->
PRDﬁuuPMPRSﬁSﬂﬂRRDEQﬂPGRPUHGLGUPLHSnTPLP

HRUFHLPRUTEHLPPAEPDH (in
1soForm Gamma and)isoform dN-Gamma) .

UAR_SEQ 400 445 (RUHGGHMNKLPSUNQLUGQPPPHSS USP_0OG544
AATPNL ->
PRDAQQPWPRSASAARRDEQAPARPUHGLGUPLHSATPLP
RRPQPR (in isoform Epsilon).

UAR_SEQ 400 403 SHLQ -> TWGP (in isoform Delta). USP_0O6542

UAR_SEN 4oy 636 Missing (in isoform Delta). USP_0R6543

UAR_SEQ 446 526 Missing } ). p_AAE

UAR_SEQ 477 636 Hlssmg(Eln isoform Gamma de isoform
dN-Gamma) .

UAR_SEQ 495 636 SFLTGLGCPNCIEYFTSQGLASIYHLANLTIEDLGALKIP USP_0OE539
EQYRMTIWRGLADLKQAGHDYSTAQALLRSSNAATISIGGS
GELOQRQRUMEAVHFRURHTITIPNRGGPGGGPDEWADFGF
DLPDCKARKQPIKEEFTEAEIH -> RTWGP (in isoform
Beta and isoform dN-Beta).
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Isoform description

Naime Gamma
Isoform IT 015350-3

Isoform description
Aizfes The splicing of exon 11 results in a rameshift from the original reading frame,
Features which should be applied to build the isoform sequencel YWSP_006540, WEP_00E54 1 I

Sequence information

Length: 476 AA

10
MAQSTATSPED

70
YMAQFNLLSS

130
TPGPHHFEVT

190
YHEAEHVTDY

250
EPPQVGTEFT

310
DRKADEDHYR

370
GRENFEILME

430
PORFVHGLGY

20
GGTTFEHLWS

80
THDOMSSRLL

140
FOOSSTAKSA

200
VERCFNHELG

260
TILYNFMCHS

320
EQQALNESSA

380
LKESLELMEL

440
PLHSATPLPR

30
SLEPDETYFD

50
SASPYTPEHA

150
TWTYSPLLEE

210
FDFNEGQSAT

270
SCVGGHNRRT

330
KHGALSKRAF

390
VPQPLVDSYR

450
RFQFRQFFNE

40
LPOSSRGNNE

100
ASVPTHSPYA

160
LYCQIAKTCP

220
ASHLIRVEGH

280
ILIIITLEMR

340
KQSPPAVPAL

400
QQ0QLLORFF

460
IGVSKLHRYF

50
VYGEGETDSSMD

110
QPSSTFDTMS

170
IQIEVSTPEP

230
NLSQYVDDEY

290
DBOVLGRRST

350
GAGVEKRRHG

410
FDAQQPUPRS

470
HLPRVTEHLP

60
YFHLEGMTTS

120
PAPVIPSNTD

180
PGTAIRAMPY

240
TGROSVVVEY

300
EGRICACPGR

360
DEDTYYLOVE

420
A30QRRDEQD

PAEFDH

¢ [soform Gamma in FASTA format

+ Allisoform sequences in Fasta format

+ 50 0 the bottom of the page o submit this sequence to g variety
analysis tools

Reconstituted sequence

Direct links to
analysis tools

BLAST

or at MCBI (LSA)

BLAST submission on ExPASy /SIB

Sequence analysis tools: ProtFaram, ProtScale, Compute plviw, PeptideMass,
FeptideCutter, Dotdet (Java)



Splice isoform list of Swiss-Prot entry: 015350

M »sp10153501 P73 HUMAN IIE":EI'I'FFEEEI[F“Ud'“P'E ligrimert] ription factor] (p53-related protein) -
MAQSTATSPDGGTTIERLWSSLE PaﬁL}fCTE [rf.iendugnﬁgecfved patterns] 3

VHAQFNLLISTHDOMASRARIAS £ ot e antries [Swizz-Prot format) L

TPGPHHFEVTFQOGSTAKSATIT R atiieve sequences [FAS T format] MEV

TEFAEHVIDVVERCPNHELGRDF Retreve matching entries accession codes Py

EPPOVGTEFTTILYNFMCH S8 CVGGMNRRPILITITLEMRD GOVLGRRAFEGRICACPGR S b 't | s
DRKADEDHYPEQOALNE 55 AFNGAL SERAFEOSPPAVPAL GAGYEERFHGDED T T LOVE u I I “ Sp Ice
GRENFEILMELFESLELMELVPQPLYDAYRQOAQLLORPSHLOQPP ST CEVLAPMNEVYHG .

MHELPSVHNOLVGOPPPHSSAATPHNLGPVGP GMLNNHGHAYPANGEM S 5 3H3AQ SV 3 5H f m
CTPPPPYHADPSLYSFLTGLGCPHCIEYFTA0GLOSIYHLONLTIED LGALKT PEQYEMT ISO Or Seq uences

INRGLODLEQGHD Y3 TAQOLLRS A NAATISIGGIGELORORVHEAYVHFEVEHTITIPHNEG

GPGGGFDEUADFGFDLPD CKARE]PIKEEFTEAETH to further analySIS,

F}sp_vslﬂlESSD—EIDlSSSD 3plice isoform Beta of 015350 | . |
MaaTATEPDGGTTFEHLWA S LEPDATYFDLP QS SRGNNEVV GGTD 3 SMDVFHLEGHTTS e " g " m u tl p e
VMAQFNLL ST OSSR A A A PY TPEHAA SWPTHA PYAQPSSTFDTMS PAPVIPSNTD .

TPGPHHFEYTFOQS S TAR AT T Y 3P LLEELYCQIAKTCPIQIKVSTPPPPGTATRAMEY a I I g m e nt
TREAEHVTDYVVERCPNHELGRD FNEGQSAPASHLTRVE GHNL 30V VDD PY TGRSV YEY

EPPOVGTEFTTILYNFMCH S CYVGCMNEREPILITITLEMRED GOVLGERSFEGRICACPGR
DREADEDHYREQQALNE 33 AN AL S FRAFEQSPPAVEAL GLGVEFREHGDED TYY LOQVE,
GRENFEILMELFESLELMELVPQPLVDSYEQQQQLLOQRFSHLOPPITGPVLAPMNEVHGG
MHELPIVNOLVGOFPPHA A TPNL GPVGE GHLNNHGHAY P ANGEMS 333 AQ IV 3 3H
CTPPPPVHADPSLYRTIIGE

F}sp_vSIDlESSD—SIDlSSSD Splice isoform Gamma of OL5350

MaOSTATSPDGGCTTFEHLWA S LEPDSTYFD LP QS SRGNNEYVV GEGTD S SMDVFHLEGHTTS
VHAOFNLLSSTHD M S RAAS A S PY TPEHAA SV PTHIPY A PASTFDTMAPAPYVIP ST
YPGPHHFEYTFOQ S 3 TAK S AT Y SPLLEK LY COTARTCPIQIRKYSTPPPPGTATRAMEY
TEFAEHVIDVVERCPNHE LGRD FNEGOAAPASHL IRVE GHN L 30V WDD PVT GROQ SV EY
EPPOVGTEFTTILYNFMCNSACVGCIMNEREF ILIIITLEMRDGOVLGRRSFEGRICACEGR

P
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EXPASY tools and alternative isoforms

eAldente (protein identification by peptide mass
fingerprinting)

eScanProsite (pattern searching)

eBlast

015350 (P73_HUMAN )E2zs1,,
and its alternative :
isoform sequences
are found separately




UniProtKB/Swiss-Prot annotation
and protein diversity

1. Alternative splicing.
2. Variants.
3. Post-translational modifications.

Boeckmann B. et al. Protein variety and functional diversity:
Swiss-Prot annotation in its biological context
Comptes Rendus Biologies 328:882-99(2005).



Polymorphisms

e Non synonymous c-SNPs (coding Single Nucleotide
Polymorphisms) (Single Amino-acid Polymorphisms or
SAPs);

e Mutations causing profound changes, such as a frameshift
or a STOP codon, are not annotated (deleterious effect on
function is obvious);

e Annotation can be found in 4 sections:
- references;
- comments (disease or polymorphism);
- keywords (disease mutation or polymorphism);
- features (FT VARIANT).



Variants & References

P53_

sl Publed=1999358; [WNCRI, ExPASy, EBI, Israel, Japan] HUMAN’ P04637

Olschwang 3., Lawrent-Puie P, Vassal A, Salmon B.-J., Thomas 3.,

"Charactenzation of a frequent polymorphism in the coding sequence of the Tp33 gene m colotic cancer patients and a control population.”;
et BH369-370(1991 - - H 1
) Disease variant: Li-Fraumeni syndrome
4 Publded=1933902, [MCEL ExPASy, EBL Lsrael, Japan]
Law I.C., Stron,g L.C., Cludambaram &, Ferrel B E .

"4 germ line mutation m exon 5 of the p53 gene m an extended cancer family ",
Cancer Bes. 51:6385-6387(15931).

[29]) VARIANTS LES CY35-245, TEP-248, PEO-252 AND LYZ-258
MEDLINE=21057657, Publded=1978757; [FICEL ExPASy, EBL Israel, Japan]
Mallkin D, IaF.P., Stronge L.C. Fraumem JF. Ir., Melson CE, Exmm D H., Easszel I, Grvla MA | Bizcholf F 2 Tansky ML A Friend S H.;
"Germ line p23 mutations in a famihial syndrome of breast cancer, sarcomas, and other neoplasms ")
soience 250:1233-1238(1950).
[G0]WVARIANT LFS ASP-245
MEDLIME=2108092%; Publed=2259385; [MCEL ExPASy, EBL Isracl, Japan]
onvastava 3., Zou 2., Prrolle K|, Blattner W., Chans EH
"Germ-line transtmission of a mutated £33 gene in a cancer-prone family with Li-Fraumem syndrome ",
Mature 348747-745(19907),
[31]VARIANWT LFS LETT-272.
MEDLINE=%2147883; Publled=17378522; [MCEL ExPAZSy, EBL Israel, Japan]
Felr O A, Mau MW, Takahash T, Mitsudornu T., Chuba L, Poplack D3, Eeaman G.H., Cole DLE., Letterio J.J., Whane-Pene I, Enutzen T,
Minna I
"Hereditary and acquired £53 gene mutations in childhood acute rmphoblastic leukemma "
I Chn. Inwest 89:640-647(1992)
[22] WVARIANTS LFS HIZ-273 AND WAT-325
MEDLIMNE=22223023; Publded=1565144; [FCEIL ExPASy, EBL Isracl, Japan]
Mallkin D, Jolly W, Barbier M., Lock AT, Friend 5. H., Gebhardt ML, Andersen T.L, Boerresen & -L T4 F.P., Garber J., Strons LT,
"Germiing mutations of the p23 tumeor-suppressor gene in children and young adults with second maliohant neoplasms ";




Variants & Comments

Comments P53 HUMAN, P04637

—econhagus

o FEVOTTON Acts as a tumor suppressor in many turmnor types; induces growth arrest or apoptosis depending on the physiological
circurnstances and cell type, Involved in cell cycle regulation as a trans-activator that acts to negatively regulate cell division by controlling
a zet of genes required for this process, COne of the activated genes is an inhibitor of cyclin-dependent kinases, Apoptosis induction
seems to be rmediated either by stimulation of BAX and FAS antigen expression, or by repression of Bol-2 expression,

e A e e

DISEASE TPS3 s found in increased amaunts in a wide variety of transformed cells, TPS3 is frequently mutated or inactivated in about
B0% of cancers,
DISEASE Defects in TPS3 are invalved in esophageal squamaus cell carcinoma (ESCC) [MIM: 133239, ESCC s a tumgp f thge—

PISEASE Defects in TPS3 are a cause Ell Li-Fraurmeni syndrarme (LFS]Il [MIM: 151623 ], LFS is an autosomal dominant familial cancer

synidrome that in its classic form is defined By The exctence of oot a proband with a sarcoma and twao other first-degree relatives with
acancer by age 45 years, In these families the affected relatives develop a diverse set of malignancies at unusualy early ages, The
spectrum of cancers in LFS includes breast carcinomas, soft-tissue sarcomas, brain turmars, ostensarcoma, leukemia and adreno-cortical
carcinoma, COther possible cormpaonent tumors of LFS are melanoma, gonadal cell tumars and cardinomas of the lung, pancreas and
prostate,

T Defects in are found in Barrett metaplasia; also known as Barreftt esophagus, T & a condition in which the normaly
stratified squarnous epithelium of the lower esophagus is replaced by a metaplastic columnar epithelium. The condition develops as a
complication in approximately 10% of patients with chronic gastroesophageal refluy disease and predisposes to the development of
esophageal adenocarcinanma,

PISEASE Defects in TPS3 are invalved in head and neck squamos cell carcinomas (HNSCC) [MIM: 275355].

PISEASE Defects in TPS3 are involved in oral squarnous cell carcinomna (0SCC), Cigarette smioke is a prime mutagenic agent in cancer of
the aerodigestive fract,

PISEASE Defects in TPS3 are a cause of lung cancer [MIM:211580],

PISEASE Defects in TPS3 are a cause of choroid plexus papilloma [MIM:260500], Charoid plexus papillora is a slow-growing benign
turnor of the choroid plexus that often invades the leptorneninges, In children it is usually in a lateral ventricle but in adults it is more
often in the fourth ventricle, Hydrocephalus is common, either from obstruction ar from tumaor secretion of cerebrospinal fluid, I it
undergoes malignant transformation it is called a choroid plexus carcinoma, Primary choroid plesus turnors are rare and usually ocour in
eatly childhood,

SIMIARITY Belongs to the p53 family,

WER RESOURLCE MNAME=IARC TPS3 mutation database; NOTE=Somatic and germline TPS3 mutations in hurman cancers,;
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LI-FRAUMENI SYNDROME; LFS

Altarnative titles; symbols

SARCOMA FAMILY SYNDROME OF LI AND FRAUMENI
SBLA SYNDROME

LI-FFRAUMENI SYNDROME-VARIANT, INCLUDED
LFS-VARIANT, INCLUDED

Gene map locus 22q12.1, 1713 1, 9p21

TEXT

A mumber sign (#) i3 used with this entry because mutations in the TP53 gene (191170) have been found in this disorder. Additionally, mutations in
the CHE 2 gene (6043573 have been found to cause Li-Fraument syndrome.

In reviewing medical records and death certificates of 648 childhood thabdomyozarcoma patients, Li and Fraumerd (1965 identified 4 families in
which sibs or cousing had a childhood sarcoma. These 4 families also had stnking histonies of breast cancer and other neoplasms, sugzesting a new
farmihial cancer syndrome of diverse tumors. Subsequent prospective studies confirmed the high risk m famly members of the tumer types that
cotnprise LES (L4 and Fraument, 1982). Studies in other geographic and ethnic groups by Birch et al. (1884, 1890) corroborated the syndrome. The

spectrum of cancers i the syndrome was shown to include, in addition to breast cancer and soft tissue sarcomas, brain tumors, osteosarcoma,

leuketnia, and adrenocortical carcinoma. G

Fraumeni et al. (1975) descrbed a kindred in which in 1 sibship of 9 adults, 4 died of lymphocytic or histiocytic rmphomas and one, a male, of
Waldenstrom macroglobulinetmia complicated by adenocarcinoma of the lung. In the next generation, 1 person died of Hodglin dizease; 4 of 9
healthy persons had impaired lymphocyte transformation with phytohemaggluting and 2 of these had polyclonal elevation of IgL Subsequent to the
studies, adenocarcinoma of the lung developed i one of those with an mmune defect, a woman, and her 3-year-old grandson developed
Ipmphocytic leukera. This i3 the first suggestion of a genetic or tmmunologic basts of lung adenocarcinoma. Pearson et al. (1582) reported 2 families
resembling that reported by Li and Fraumen {1969, In 1, the mother had breast cancer and 2 of her 4 children had adrenocortical carcinoma,

medillohlastoma and rhahdamyrasarcoma m the other the mother had breast cancer and 2 aof her 3 children had adrenorartical carcinama and




Variants & Comments

If the variant is NOT associated with a disease state...

HMT_HUMAN, P50135
POLYMORPHISM: Variant Ile-105 has a reduced activity and seems to be linked with
a predisposition to asthma.

MYOC_MOUSE, 070624

POLYMORPHISM: \Variant Ala-164 is found in strain BALB/cJ which has a low
intraocular pressure. Variant Thr-164 is found in strains C3H/HeJ and C57BL/6], two
strains which have a relatively high intraocular pressure.

NT3_HUMAN, P20783
POLYMORPHISM: Variant Glu-76 (frequently reported as Glu-63) was thought to be
associated with severe forms of schizophrenia. This does not seem to be the case.
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Variants & Keywords

P53_HUMAN, P04637
Kewords

JD-structure; .ﬂ.[:El‘].fIEItll]n n-::tnratur Alternative splicing; Anti-oncogene: Apoptesis,; Cell ol

Disease mutEmU' LAk elvcoprotein: Li-Fraumeni syndrome; Metal- hlndlng Huclear protein;
Phosphondatis Pulj.rmurphlsm Trynscription; Transcription regulation; £inc.

——__
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Disease variants & Keywords

Disease-related keywords:

Alport syndrome, Alzheimer's disease, Autoimmune encephalomyelitis,
Autoimmune uveitis, Bernard Soulier syndrome, Charcot-Marie-Tooth disease,
Chronic granulomatous disease, Cockayne's syndrome, Cone-rod dystrophy,
Deafness, Diabetes insipidus, Diabetes mellitus, Down's syndrome, Dwarfism,
Epidermolysis bullosa, Gaucher disease, GM2-gangliosidosis, Hemophilia,
Hereditary hemolytic anemia, Hereditary multiple exostoses, Hereditary
nonpolyposis colorectal cancer, Hirschsprung disease, etc...

Py,
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Variants & Features

BRCA2_HUMAN, P51587
Disease mutations

VARTANT 2490 2490 1 I ->T. VAR 0037587
VLETANT 2502 2502 1 E - H (in owvarian cancer: olymorphism). VAR 003733
VARTANT 2515 2515 1 T -> I (in BC; could he j VAR 0037589
VARTANT 2706 2706 1 N =3 VAR 020734
VARTANT 2722 2722 1C T -» R (in BC). D VAR 018661
VARTANT 2723 2723 1 D - in ; unknown pathological significance]). VAR 0zZ0735
VARTANT 2728 2728 1 Vo-» I. VAR 020736
VARTANT 2728 2728 1 E - pin B VAR 020737
VARTANT 2787 2787 lﬁ—i—ﬁ—{in ovarian @; gomatic mutation). VAR 003720
VARTANT 2793 2793 1  =xF (in BC; unknown pathological significance]). VAR 020733
VARTANT 2835 2835 1 VAR 013915
VARTANT 2856 2856 1 VAR 013916

T Polymorphisms

IS ——_ ] i ]
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V ) t & F t P53_HUMAN, P04637
VARIANT a4 a4 1 5 -» T (in a colon tumor). VAR 005559 [3D]
VARTANT 110 110 1 R -» C (in a liver and an uterus tumor). V4R 0055860 [3D]
VARTANT 110 110 1 FE ->» L (in a liwver tumor]). W4R 0055861 [3D]
VARIANT 110 110 1 F -> P (in a breast tumor). V4E 005862 [3D]
VARIANT 113 113 1 F -» C (in a lung tumor). VAR 005563 [3D]
VARIANT 125 125 1 T ->»> M (in a lung tumor). VAR 005564 [3D]
VARTANT 126 126 1 ¥ -» D (in a colorectal tumor). WA4E_ 0055865 [3D]
VARTANT 126 126 1 ¥ ->» N (in a leukemia and a lymphoma). V4R 005566 [3D]
VARTANT 127 127 1 3 ->» F (in a lung tumor).
LD TANT 128 128 1 P ->» 3 (in a breast tumor). VAR 005568 [3D
VAR AT 124 L:9 1l 4 -1 |11 a sarcoma). [
VARTANT 130 130 1 L -> R (in a liwver tumor]). WA4E_ 005570 [3D]
VARIANT 151 151 1 N -> K (in a colon tumor). WA4E 0055872 [3D]
VARIANT 131 131 1 N -» 53 (in a liwver tumor). VAR 005571 [3D]
VARIANT 13z 13z 1 K-> M (in a sarcoma). VAR 005873 [3D]
VARIANT 13z 13z 1 K -» 0 (in a breast tumor). VAR 005574 [3D]
VARTANT 133 133 1 M ->T (in LF3). W4E_ 0055875 [3D]
VARIANT 135 135 1 C ->» F (in a colon tumor). VAR 005577 [3D]
VARIANT 135 135 1 C -» 3 (in a colon tumor). VAR 0055876 [3D]
VARIANT 136 136 1 Q] -» E (in a breast tumokr). VAR 0055878 [3D]
VARTANT 136 136 1 N -> K (in a colon tumor). VAR 0055879 [3D]
VARIANT 137 157 1 L -> 0 (in a liwver tumor). WA4E 0055830 [3D]
VARIANT 135 135 1 A -» P (in a lung tumor). VAR 005581 [3D]
VARTANT 139 1349 1 E ->» N (in a breast, an owvary tumor, a leukemia and a VAR 0055832 [3D]

Iymphomal .
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Swiss-Prot variant: VAR 005868 in P04637

[General Information] [Information on the variant] [Structural Information on the variant] [References for the variant]
[Cross references for the variant]

Hiota: Moot Headings are clickabla, even iFthey don't appear as finks. They fink o Hhe wear manca’ or obher documents.

General information

Swiss-Prot ID (AC) P53_HUMAN (PO1637)
Gene symbol(s) g;?;ﬁ;r:n?g:gpﬂ
Chromosomal location 17p13.1

Protein name Cellular turnaor antigen pS3
Length of the protein 393

Information on the variant

FTId YAR 005868

Amino acid position of the varant 128

Residue change From Pro {P) to Ser (5), P1285
I{SEEig;g:e, polyrnorphismn or unclassified) Disease

Disease & breast tumor
Comment MHone

Structural information on the variant
108 GFRLGFLHSGTAESWTCTYS P ALNEMFCQLAETCPVQLWYD 145

Location on the sequence i
53
Eey From To Length Description
CHATHN 1 393 393 Cellular tumor antigen pS3
) B, - DNA4 EIND 102 292 191
el eiilres o el e o REGEDI-I 100 370 271 Interaction with HIFELl (BEv zimilarity)
FEGION 116 292 177 Interaction with AxIN1 (Bvy zimilarity)
TUEN 128 131 4
Residue conservation Alignment from Blast search
Physico-chemical property Change from medium size and hydrophobic (P to small size and polar (S
Model Visualization | Template Structure

H E \?ﬁdﬁi
M 1TSRA [ExPASY |

3D homology models ExPASY Astexviswer ERI-MSD]
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Swiss-Prot annotation
and protein diversity

1. Alternative splicing.
2. Variants.

3. Post-translational modifications
(PTM).




PTM definition

a Eost-translational modification or PTM is

a modification of a polypeptidic chain involving the
making or the breaking of covalent bond(s) that occur

during (co-translational class) or after translation.

-~ N
P e 1 iger - Protei -
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PTMs influence or even define protein function

& phosphorylation and possibly GlcNAcylation and S-nitrosylation are
a means of transducing extracellular signals to the inside of the
cells.

& methylation has a role in nuclear protein import.

& lipid addition allows protein to membrane association (e.g. GPI-
anchor, myristate, palmitate).

& intrachain disulfide bonds and N-glycosylation influence protein
folding.

& interchain disulfide bonds bind subunits together.

& other PTMs are directly involved in the protein function, as for
example the binding of cofactors (e.g. pyridoxal phosphate), or the
synthesis of a cofactor by the modification of amino acids present
in the protein (e.g. quinones).

}. ...-"'-'-., i . .
_ /S si8 _h,ﬂ, E. Gasteiger - Protein databases and Trieste, June 2006
Sw .._t LAY tools




3 categories of PTMs in Swiss-Prot

m |n|t|ator_Met, signal and tran5|_t peptides,
— propeptides, complex processing, etc.

~ simple chemical groups: phosphate, sulfate,
methyl, hydroxyl, acetate, etc.

linkage ﬁ

‘ complex molecules: N-, O- or C-linked glycans,
~ lipids (e.g. palmitate, myristate, GPI)

cross-linking  disulfide bonds, thioester, thiolether bonds, etc.

o T,
e o _ ] _
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3 locations for PTM data storage

& Comments (CC line type) [ ——
cC -!- PTM: .. ~—  _comments

& Keywords (KW line type) iEEE=

& Feature table (FT line typ& P s

FT \ =i

features B

o o,
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PTM keywords

‘cleavage Signal, Transit peptide, Protein splicing,

keywords. Cleavage on pair of basic residues

Acetylation, ADP-ribosylation,

T Amidation, D-amino acid, Formylation,

i { Glycoprotein, GPI-anchor, Hydroxylation,

keywords _ o _ _
Hypusine, Iodination, Myristate, Palmitate,

. Phosphorylation, Prenylation, Sulfation

The keywords allow the retrieval of entries for proteins bearing
the same modification.

o o,
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PTM feature keys

gt'eKae"yasge INIT_MET, PROPEP, SIGNAL, TRANSIT

'F'gK'Zggg MOD_RES, CARBOHYD, LIPID, BINDING

cross-link
Fteys DISULFID, CROSSLNK

INIT MET
BINDING
DISULFID
MOD_RES

Pyridoxal phosphate.

Glutamate methyl ester (Glu).

LIPID
CARBOHYD

—

GPI-anchor amidated glycine.
C-linked (Man).

KX XX XO
XX XK XO



Some statistics

Number of PTMs in all organisms

Swiss-Prot release 47.3

(June 2005) for Pot./prob. By sim. Exp. total
selected types of PTMs

signal peptide 12246 2477 4688 19411
N-GIcNACc 55639 689 2162 58490
O-GalNAc 30 204 499 733
O-GIcNAc 8 97 52 157
phosphorylation 1344 6346 3424 11114
sulfation 225 200 149 574
myristate 109 310 122 531
GPI-anchor 372 112 43 527

50% of human entries describe at least one PTM
Total number of proteins < total number of PTMs
(but many of them are not yet annotated!)




Standardization of FT descriptions

http://www.expasy.org/cgi-bin/ptmlist.pl

e MOD_RES, CROSSLNK, LIPID have been standardized, to use controlled
vocabularies

e FT description shows the modified amino acid, not the name of the process:

Phosphocysteine
4-aspartylphosphate

Phosphohistidine Keyword « Phosphorylation »
Tele-phosphohistidine allows to retrieve all relevant
Pros-phosphonhistidine entries

Phosphoserine

Phosphothreonine
Phosphotyrosine

IS ——_ ] i ]
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PTM comments : some examples

The comment (CC line-type) topic 'PTM' is used to present
detailed information on PTMs that cannot be represented in
the feature table.

& The N-terminus is blocked.
& Phosphorylated by various PKC isozymes.

& Phosphorylated at multiple sites by different protein kinases and
each phosphorylation event selectively modulates the protein's
functions.

& Phosphorylation on Tyr-660 reduces the ability of 4.1 to
promote the assembly of the spectrin/actin/4.1 ternary complex.

& O-glycosylated; contains N-acetylglucosamine side chains in the
C-terminal domain.

& Sulfated.

}. ...-"'-'-., i . .
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Our sources of data

& PTM prediction tools (potential evidence)

& research articles, reviews
(experimental, potential evidence)

& personal communications (experimental
evidence)

& direct submissions of information to Swiss-
Prot (experimental evidence)

o o,
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= data sources, = qualifiers

I if some other
kind of evidence !

U
Erediction bx seﬂuence analxsis —p po!enfla| Oy
G

SETETEETE By — K

direct experimental evidence oy
——

strength of evidence

Swiss-Prot considers both data obtained experimentally and predicted
information and makes a clear distinction in its annotation.

. _ _
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Identification:

14| EXPASY Proteomics tools Aldente
http:/ /www.expasy.org/tools/ TagIdentf
4

The tools marked by gly are local to the ExPASy server. The remaining tools are developed and hosted on other servers, AA C Om pI d ent

[Protein identification and characterization] [DNA - Protein] [Similarity searches] [Pattern and profile searches] [Post-translational modifi

[Primary structure analysis] [Secondary structure prediction] [Tertiary structure] [Sequence alignment] [Phylogenetic analysi: M u Iti Id ent

Protein identification and characterization

Identification and characterization with peptide mass fingerprinting data

o Aldente & - Identify proteins with peptide mass fingerprinting data, & new, fast and powerful tool that takes advantage of
recalibration and outlier exclusion - - .
s FindMod &t - Predict potential protein post-translational rmodifications and potential single aming acid substitutions in peptides Cha ra Cterlzatlon .

are compared with the theoretical peptides calculated from a specified Swiss-Prot entry or from a wuser-entered sequence, an .
characterize the protein of interest. F| nd MOd

* FindPept it - Identify peptides that result from unspecific cleavage of proteins from their experimental masses, taking into ac

post-translational rmodifications (PTM) and protease autolytic cleavage G choMOd
ik ’

o GlycoMod & - Predict possible oligosaccharide structures that occur on proteins from their experimentally deterrined rmasses

oligosaccharides and for glycopeptides) Fi nd Pe pt

Mascot - Peptide rass fingerprint from Matrix Science Ltd., London

PepMAPPER - Peptide mass fingerprinting tool from UMIST, LK

PFMUTS - Shiows the possible single and double rutations of a peptide fragment from MALDI peptide mass fingerprinting
ProFound - Search known protein sequences with peptide mass information from Rockefeler and MY Universities [or from Gen
& ProteinProspector - UCSF tools for peptide masses data (MS-Fit, MS-Pattern, MS-Digest, etc.) An a Ivsis .

Identification and characterization with M5/MS data

o Popitam éf ™ - Identification and characterization tool for peptides with unexpected modifications (2.g. post-translational Pe ptl deM aSS,
spectrometry

& Pheryx - Protein and peptide identificationfcharacterization from MS/MS data from GeneBio, Switzetland G ch a n M aSS

& [Mascot - Sequence query and MSMS ion search from Matrix Science Ltd,, London

jersities [or fi

& OMSSA - MSIMS peptn:le Spectra |der'|t|ﬁ|:at||:|r'| by‘ Searchmg libraries of knu:uwn pru:utem Sequencez Bi OG r a ph

- Use annotation in Swiss- Prot and TrEMBL - PeptideCutter
(preprocessing, PTMs, etc.) ——  ProtScale,
- Hyper-links between tools and databases [|“*“*" ProtParam
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Protein families and
domains, PROSITE
and InterPro




Sequence patterns and profiles

o Detection of protein sequence families or
domain using sequence patterns;

e Detection of DNA sequence elements or
protein families/domains using weight
matrices (or profiles), and Hidden Markov
Models.

}. ...-""--'-., i . .
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Identification of protein domains and families

e There are two non-exclusive approaches for the determination of
the function of an uncharacterized protein:

— Comparison with a complete sequence database
— Scanning a database of patterns and profiles

e Most proteins can be grouped into families. Proteins belonging to
a particular family share functional attributes and are derived
from a common ancestor;

e Some regions in the sequence are more conserved than others
during evolution because they are important for the function or
the structure of the protein;

e Like fingerprints for police identification, signatures built out of
sequence patterns or profiles can be used to formulate
hypotheses about the function of uncharacterized proteins.

}. F-i i . .
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How many protein families? [1/2]

Not an easy question to answer:

e The number of different proteins expressed by a genome
range from about 500 (Mycoplasma) to probably 30’000
(Human) and a lot more in plants. But these humbers do not
translate to an equivalent number of families. The increase in
protein numbers is mainly due to multigenic families;

e According to Chothia (1992): about 1’000 protein families
based on structural criteria (folds);

e According to Claverie, States and Lipman (1993): about 600
ACS (Ancestral Conserved Sequences), families found in all
phyla. The other families are specific for one or more phyla;

e Number of eukaryotic protein modules according to Bork
(1992): about 200. These are modules that make up "Lego"
proteins. Examples: kringle, IG-like, EGF, FN-III, etc.;

.;l - “-..i B B :
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How many protein families? [2/2]

e Each phylum and in some cases each species seems to contain
specific protein families. Examples: fungal-specific proteins;
plant-specific, C.elegans-specific; etc.;

e The number of protein families is dependent on how far
sequence analysis can go back in evolution. At the extreme
there should only be one protein family!

e Structural criteria generally allow to go the farthest back in time,
but it is not proven that similar folds equate with a common
ancestor;

e S0 any estimation of the number of protein families or domains
is dependent on the criteria used to define what is a family or a
domain;

o We estimate that an "operational” protein classification system
requires probably some 3’000 to 5’000 "definitions".
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http://www.ebi.ac.uk/integr8/ProteomeAnalysisAction.do?orgProteomelD=25

InterPro top 30 entries for H. sapiens

TP O o coverage) - Nam®

IPREO07110 117603, 1%) 1 Immunoglobulin-like

IFRO07087 105502 8% 2 Znc finger, C2HZ-type

IPRO03594 977(2.6%) 3 Immunoglobulin subtype

IPEO0027H 885(2 4%)| 4 Rhodopsin-like GPCR superfamily
IPREO711009 88302 .3%) o Protein kinase-like

IFRO007 19 B08(2.1%) B Protein kinase

IPRO115993 596(1.6%) 7 |Pleckstrin homology-type
IPE013108 2810 1.6%) 3| Immunoglobulin V-set

IPRO00725 a08(1.3%) 9| Olfactory receptor

IPRO0708E 489(1.3%) 10 Znc finger, C2H2-subtype
IPRO01909 463(1.2%) 11 KRAB box

IPRD11932 436(1.1%)| 12 EF-Hand type

IPRO02110 424(1.1%) 13 Ankyrin

IPRO08271 42401 1% 13 Serinefthreonine protein kinase, active site
IPEO01844 410071 1%} 15 FPleckstrin-like

IPR012677 409(1.1%)| 16 MNucleotide-binding, alpha-beta plait
IPRO01680 40401 1%} 17 |WD-40 repeat




How to identify protein families or
domains

PATTERNS = reqgular expressions;

PROFILES or WEIGHT MATRICES = two-
dimensional tables of position specific match-,
gap-, and insertion-scores, derived from
aligned sequence families;

Hidden Markov Models (HMM) =

probabilistic models.
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How to judge the quality of a
discriminator

Two parameters can be computed to qualify the quality of a
sequence discriminator: precision and recall

False positives = known false hits

False negatives = known missed hits

Precision = true hits / (true hits + false positives)
Recall = true hits / (true hits + false negatives)

Sensitivity: does it pick up a/ members of the family?
Specificity: does it find on/y true members of the family?
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A regular expression (RE) expresses how a
computer program should look for a specified
pattern in text

‘A" A circumflex at the beginning of the pattern matches the line beginning.
'$" A dollar-sign at the end of the pattern matches the end of a line.
"' A period matches any character except for 'new-line'.

*' An expression followed by an asterisk matches zero or more occurrences
of that expression : 'fo*' matches 'f', 'fo’, 'foo’, etc.

'+' An expression followed by a plus sign matches one or more occurrences
of that expression : 'fo+' matches 'fo', 'foo’, etc.

11" A string enclosed in square brackets matches any character in that string,
but no others. If the 1st character is a circumflex it will match any
character except the characters in the string. Example: '[xyz]' matches
matches 'xx' and 'zyx’; '[~xyz]' matches 'abc' but not 'axb'.

A range of characters may be specified by two characters separated by '-'.
Example: [a-z] matches any word containing any lower case character.
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Regular expressions -
examples

C[AOU]T- Would match : CAT, COT, CUT only
C.T - Would match : CAT, CaT, CIT, C:T NOT CT
CA?T - Would match : CT, CAT only

C+T - Would match CT, CCT, CCCCT

C(HE)?A[TP] - Would match : CHEAT, CAT,
CHEAP, CAP only

o o,
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Sequence patterns

e From a multiple sequence alignment one can
derive a sequence pattern;

o Useful to detect protein belonging to a specific
family or a protein domain; much less useful at
the DNA level due to the small alphabet (4
letters) and the low sequence conservation of
DNA sequence elements;

e Examples of sequence patterns:

Serine active site of trypsin-type proteases: Gly-Asp-Ser-Gly-Gly
Zinc finger C2H2-type: Cys-x(2,4)-Cys-x(12)-His-x(3,5)-His
Chitin-binding domain signature: C-x(4)-C-C-S-x(2)-G-x-C-G-x(4)-[FYW]-C
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PROSITE pattern conventions

The standard IUPAC one-letter codes for the amino acids are used.
The symbol " X' is used for a position where any amino acid is accepted.
Ambiguities are indicated by listing the acceptable amino acids for a given
position, between square parentheses "[ ]'. For example: [ALT] stands for Ala or
Leu or Thr.
4. Ambiguities are also indicated by listing between a pair of curly brackets "{ }'
the amino acids that are not accepted at a given position. For example:{AM}
stands for any amino acid except Ala and Met.
Each element in a pattern is separated from its neighbor by a *-'.
Repetition of an element of the pattern can be indicated by following that
element with a numerical value or, if itis a gap ('x'), by a numerical range
between parentheses. Examples:

X(3) corresponds to x-x-x

X(2,4) corresponds to X-X or X-X-X Or X-X-X-X

A(3) corresponds to A-A-A
Note: You can only use a range with 'x', i.e. A(2,4) is not a valid pattern
element.
7. When a pattern is restricted to either the N- or C-terminal of a sequence, that
pattern either starts with a * <' symbol or respectively ends with a * >' symbol.

W=

o u
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How to build protein sequence patterns 1/2

e One starts with a multiple sequence alignment;
e Choose a region with well-conserved residues

e If something is known about the sequence, it is useful to
consider residues and regions thought/proved to be
important to the biological function of that group of proteins.
These biologically significant regions or residues are generally:

— Enzyme catalytic sites;

— Prosthetic group attachment sites (heme, PLP, biotin, etc.);
— Amino acids involved in binding a metal ion;

— Cysteines involved in disulfide bonds;

— Regions involved in binding a molecule (ATP, calcium, DNA
etc.) or a protein.
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How to build protein sequence patterns 2/2

e A first pattern is built from the most conserved
residues. It is used to scan the database;

o If it picks up too many false positives, it is modified
to make it more stringent;

e The difficulty resides in achieving a pattern which
does not pick up too many false positives yet does
not miss too many sequences (false negatives). In
practice it means optimizing both the recall and the
precision;

e In some cases this result can not be achieved and
an optimal sequence pattern cannot be built.
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PROSITE http://www.expasy.org/prosite/

A database of protein families and domains using two kinds of
motif descriptors:

Patterns or regular expressions :
eUser friendly (easy to understand and to use)
e\Well designed for the detection of biologically meaningful
sites such as residues playing a structural or functional role

eCan be used to scan a protein database in reasonable time on
any computer

Generalized profiles or weight matrices :
o\Well adapted to cover the full length of the protein or domain

eAre able to detect highly divergent families or domains with
only few well conserved positions

o o,
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PROSITE - example pattern entry

ID PPASE; PATTERN.

AC PS00387;

DT NOV-1990 (CREATED); NOV-1997 (DATA UPDATE); MAY-2006 (INFO UPDATE) .

DE Inorganic pyrophosphatase signature.

PA  D-[SGDN]-D- [PE]—[LIVMF] -p-[nIvMcac] . Performance diagnostic

NR RELEASE=50.1,2231

NR /TOTAL—162(162) ; /POSITIVE=109(109); /UNKNOWN=1 (1) ; /FALSE POS=52 (52) ;

NR /FALSE NEG=8; /PARTIAL=2;

cC TAXO-RANGE=A?EP?; /MAX-REPEAT=1

CC /SITE=1,magnesium; /SITE=3,magnesium; /SITE=6,magnesium;

CC  /VERSION=1; List of matches

DR Q87WD6, IPYR2 PSESM, T; P87118, IPYR2 SCHPO, T; P28239, IPYR2 YEAST, T;
DR QO9YBA5, IPYR AERPE , T; Q8UC37, IPYR AGRT5 , T; P80562, IPYR ANASP , T;
DR ...

DR 005545 IPYR GLUOX , N; Q72MG4, IPYR LEPIC , N; Q8Ez21, IPYR LEPIN , N;
DR Q8PH18, IPYR XANAC , N; Q8P5M4, IPYR XANCP , N;

DR Q06305, AER3 AERHY , F; 006303, AER4 AERHY , F; 06306, AER5 AERHY , F;
DR P09167, AERA AERHY , F; Q9X4Y1l, AGPA RHIME , F; Q44257, CBAB COMTE , F;
3D 1FAJ, 1HUJ,; 1HUK,; 1IGP,; 1INO; 1IPW,; 1JFD,; 1M38,; 1IMJW,; 1MJZ,; 1OBW, 1QEZ;

3D
DO

1WGI;

1WGJ; 1YPP; 2EIP; 2PRD; 8PRK;
PDOC00325;
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PROSITE html view

http://www.expasy.org/prosite/PS00387
NiceSite View of: PS00387

General information about the entry

Entry name PPASE
Accession number PS0O0387
Entry type PATTERM
Date MOY-1990 (CREATED); NOW-1997 (DATA UPDATE), MAY-2006 (INFO LUPDATE],
documentaton  PDOC00329
Mame and characterization of the entry
Description Inorganic pyrophosphatase signature,
Pattern D-[SG0M]-D-[PE ]-[LIWMF ]-D-[LIWMGAC],
Numerical results
s LIniProtkBfSwiss-Prot release number: 50.1, total number of sequence entries in that release; 223100,
s Total number of hits in UniProtkB/Swiss-Prot: 162 hits in 162 different sequences
s Number of hits on proteins that are known to belong to the set under consideration: 109 hits in 109 different sequences
s Number of hits on proteins that could potentially belong to the set under consideration: 1 hits in 1 different sequences
s Number of false hits (on unrelated proteins): 52 hits in 52 different sequences
s Mumber of known missed hits: 8
s Number of partial sequences which belong to the set under consideration, but which are not hit by the pattern or profile because they are partial (fragrment) sequences:

2
s Precision (true hits f (true hits + false positives)); 67.70 %
s Recal (true hits [ (true hits + false negatives)): 93.16 %

Comments

Taxonomic range: Archaebacteria, Eukaryotes, Prokaryotes {Bacteria)
Maxirmurm known nurmber of repetitions of the pattern in a single protein: 1
" Interesting’ site in the pattern: 1,magnesium

" Interesting' site in the pattern: 3,magnesium

" Interesting’ site in the pattern: 6, magnesium

WERSION: 1

Cross-references

True positive hits:

IFYRE1 PSESM (Q839M7), IPYRZ HUMAN (Q9HZUZ), IPYRZ MOUSE (Q91VM3),
IFYRZ PSESM (Q87WDE), IPYRZ SCHPO (PE7118), IPYR2 YEAST (P28239),
IPYR_AFRPE (Q9YEAS), IPYR_AGRTS (QSUC37), IPYR ANASP (Pa0s6z),
IPYR_AQUAE (0675013, IPYE_AQUPY (QSGQS5), IPYE ARATH (P21216),
IPYR_ASHGO (0757J8), IPYRE BACHD (QOKCG7), IPYE BACPZ (P19514),
IFYR_BACST (005724), IPYR EAREA (P5L064), IPYR _BOVIN (P37980),

I I I I r



http://www.expasy.org/tools/scanprosite/

| e ScanProsite

The ScanProsite tool [Help] allows to scan protein seguenceds) (either from UniProt Enowledgebase (Swiss-Protf TrEMBLY or PDE or provided by the user) for the
occurrence of patterns, profiles and rules (motifs) stored in the PROSITE database, or to search protein databasels) for hits by specific motifis) [ Reference f Download
ps_scan, the standalone version], The program PRATT can be used to generate your own patterns, You may either:

& Enter one or more PROSITE accession numbers andfor patterns [1 by line] to search the UniProt kKnowledgebase (Swiss-ProtfTrEMEL) and/or PDE databases, OR

& Enter one or more sequences [raw, Swiss-Prot or fasta format] and/or UniProt Knowledgebase (Swiss-Prot/TrEMEL) accession numbers andfor PDE accession nurnbers
[1 by line] to be scanned with all patterns, profies, rules in PROSITE, OR

& Fill in both fields to find all occwrrences of specified motifs in specified sequences.

Protein(s) to be scanned: PROSITE pattern(s)/profile(s) to scan for:
Enter one or more Swiss-Protf TrEMBL accession numberi(s) [AC] (e.g. POD747)| |Enter one or more PROSITE accession numberis) (e.g. PS50240), and/or

and/or sequence identifier(s) [ID] (e.g. ENTK_HUMAN) , and/or PDE identifier, | |identifieris) (e.0. CHEB), andjor type your patternds) in PROSITE format in the

and/or paste your own protein sequence(s) in the box below: box below:
(leave this box blank to scan PROSITE entrie(s) against selected protein | | (leave this box blank to scan sequenceis) against the entire PROSITE database)

databazes)

and specify your search limits (only wused if no protein data specified) :

+ Protein database(s): W Swissprot T TrEmeL T POE databases
v including splice variants

randornize databases | no = | tarly with patterns, see help)
Clear | * Taxonomic lineage (OC) § species (OS] filter: |
B : [zea MEWT Taxonormy ; separate multiple baxafspecies with a semicolon, e.g. Ewbarpotar
General options: Eecherichia coly . Does not work, on PDE saquances,]
M Exclude motifs with a high probability of occurrence e Description (DE) filker: | e.g. profease
I Show law level score
I Do not scan profiles [User Manual ]
. . Allave at ozt |1 ¥ sequence characters bo match a conserved position in the pattarn
Shiow only sequences with at least | hit (s} -
rnatch rmode | greedy, overlaps, ho includes - | [For patterns, see halp)

Maximum of matched sequences | 1000 |




ScanProsite Results: Pattern against UniProtkKB/Swiss-Prot

hits by patterns: [149 hits (by 1 pattern) on 149 seguences]
Hits by USERPATA

Fattern: D - [SGDH] - D - [PE] - [LIVMF] - D - [LIWVMGAC]
Approgimate number of expected random matches [Ref PMID 11535175] in Swiss-Prot release 41 (122564 sequences): 19

Q06305

(AER3_AERHY) i (492 aa)  individual view

Aerolysin 3 precursor (Hemoblysin 3). Aeromonas fladronhila

118 - 124: DiDEVDY

Q06303

(MER4_AERHY) i (492 aay  individual view

Aerolysin 4 precursor (Hemoblysin 4). deromonas hadronhila

118 - 124: DGDEVDY

Q06306

(AERA_AERHY) i (485 aa) individual view

Aerobysin & precursor (Hemoblysin 5). Aeromonas hladronhila

118 - 124: DGDEVDY

..... and many more matches....
POQ1GT

(MERA_AERHY) i (83 aa)  individual wigw

Aerolysin precursor. Aeromonas hydrophilia

Hits on POB 30 structures: [1PRE-A1PRE-B] 06



PROSITE - profiles

Profile or weight matrix: table of position-specific amino
acid weights and gap costs, used to calculate a similarity score
for any alignment between a profile and a sequence. An
alignment with a similarity score higher than or equal to a given
cut-off value constitutes a motif occurrence.

More robust and sensitive than patterns due to
discriminatory weights not only for the residues already
found at a given position of a motif, but also for those not yet
found. The weights for those not yet found are extrapolated
from the observed amino acid compositions using empiric
knowledge about amino acid substitutability.
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Weight matrices (profiles) (1/5)

First step: start with a multiple sequence
alignment (protein or DNA)

o o,

g _ ] _
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Weight matrices (profiles) (2/5)

2nd step: count the number of
occurrences of the different amino acids
(or bases) at each position of the
alignment

g _ ] _
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Weight matrices (profiles) (3/5)

3rd step: derivation of the preliminary
matrix

1 2 3 4 5 6 7
A 0.8 0 0.2 0.4 0 0 0.2
L 0 0 0 0.6 0.2 0.2 0
M 0 0 0 0 0.8 0 0
\' 0 0 0 0 0 0.2 0.2
P 0 0 0.2 0 0 0.2 0
S 0.2 0.4 0.4 0 0 0.4 0.2
T 0 0.6 0.2 0 0 0 0.4

The matrix size is N x M where N(columns) is the number of
positions in the alignment and M(rows) is either 20 (for a protein

matrix) or 4 (for DNA/RNA)

g _ ] _
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Weight matrices (profiles) (4/5)

Subsequent steps:

e Normalization (taking into account the average
amino-acid composition);

e Replacing zero values by a small, but non-zero
value;

e Using logarithms so as to speed up computation
time;
o Definition of a cut-off value.

Once all this is done, the weight matrix can be used
to scan the sequences in a database

}. ...-"'-'-., i . .
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Weight matrices (profiles) (5/5)

Important refinements

e Allowing gaps in the matrix; this is not
trivial, but necessary to a real-life

application;

e Using a weighted multiple alignment. If

this is not done then the matrix will be

biased toward the most represented
subgroups of sequences.

}. ...-"'-'-., i . .
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An example PROSITE profile entry:
http://www.expasy.org/prosite/PS50240

NiceSite View of: PS50240

General information about the entry

Entry narne TRYPSIN_DOM

Accession number  PS50240

Entry type MATRIX

Date DEC-2001 (CREATED); DEC-2001 (DATA LPDATE); MAY-2006 (INFO UPDATED,
PROSITE

documentation LiLOis

Name and characterization of the entry

Description Serine proteases, trypsin domain profile,

JGENERAL SPEC: ALPHABET='ABCDEFGHIELMNPQRITVWYZ'; LENGTH=234:
SDIATOINT: DEFINITION=PROTECT; Nl=6; N=2=2ZzZ9:

a.n' 1 o o] n' ke B T ¥ T o e B = 2 I—Ll:lgEl,:

FCUT_OFF: LEVEL=0; 3CORE=1134; N_SCORE=3.5; MODE=1; TEXT='!';
JCUT_0FF: LEVEL=-1; 3CORE=775; N_SCORE=6.5; MODE=1; TEXT='?':

P 3 L T B L e - P - B B - o Nt LB - S B - o B P - 8 L - 5 + DM=-105;

L E ¢ 0D E F G H I ¥ L M ¥ P 0 R & T ¥ W ¥ Z
Fa El=0; EI=-105; ED=-105;

/M: 8Y='I'; M= -7,-29,-26,-37,-28, 0,-35,-29, 41,-28, 20, 17,-22,-22,-21,-27,-19, -9, 29,-21, -Z,-28;:
/M: 8¥='v'; M= -3,-27,-15,-30,-25, 0,-31,-26, 26,-20, 10, 9,-24,-25,-23,-20,-13, -3, 32,-22, -4,-26:
/M: 8¥y='G'; M= 0, -2,-27, -5,-15,-28, 54,-15,-35,-16,-29,-20, &,-19,-16,-17, 3,-15,-28,-24,-28,-15;
/M: s¥y='G'; M= 0, -7,-29, -7,-16,-29, &0,-18§,-37,-18,-28,-18, 1,-19,-17,-18, 0,-18,-29,-21,-28,-16;

FI I=-3; MD=-17;

/M: g¥='Q'; M= -4, -2,-19, -4, 4,-13,-16, 0,-15, -1,-14, -7, 0,-14, 5, 0, 4, 2,-12,-23, -5, 4: D=-3:
FI I=-3; MI=0; MD=-17; IM=0; DM=-17;

M 3¥='E'; M= _5-" 41_241 ?.r 13:_22:_14: _?:_la.r D;_l?;_lS; D; _3; l; —5; D; —4;—15,—29;—15; ar D=-3;:
fIx I=-3: DM=-17:

JM: 8¥='a'; M= 15, -9, 10,-17,-15,-18,-15,-20,-10,-14,-12,-10, -5,-15,-11,-19, &, &5, -1,-29,-15,-13; D=-3;
/1: I=-3; DM=-17;

/M: 5¥='B'; M= -3, =2,-zz, 1, =2,-19,-15, -5,-15, -1,-14,-10, 2,-10, 0O, -3, 2, =2,-1%,-27,-11, O;
/M: 5¥="P'; M= -3,-15,-28,-15, -3,-16,-21,-14, -3, -6, -9, -4,-12, &, -4, -7, -8, -8, -7,-21,-12, -6

P . _
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ScanProsite results: PROSITE profile against Swiss-Prot

Hits by PSE0240 TRYPSIN_DOM  Sarine profeises, brposin domain profe
) S t

POZ9C2 I .
(KLKE1_HUMAM) w (32 a3) irdividual wiew

Plasma kallikzrein precursor (EC 2.4.21.34) (Plasma prekallikrein) (Kininogenin) (Fletcher Factor) [Contains: Plasma kallikrein heavy chain; Plasma kallilerein light chain]. Homo sapiens
{Human,)
Hitz on PDE 30 stroctures; [2AM-2, 28MHY-2]

391 - 626 score = 40,182

IV=FTHI SWEETE W]V EL QVEL aQPHLE F-5L I FHQWLT AAHC FD =LEPL QDR IF3 &
ILHLEDITEDTPFEQ IEE I I IHQNYEG/SE GHHD IAL IEL QAP LNYTEFQER ICLF SEEDT
3T I'¥THCWRT GH-FEEEKGE 10N IL QEVH IPLYTHEE CQERYQDVE IT QRMUC AFYHE =&
D ACKGD 2 =P LT AAWEL VG IT BWCE G0 APRE QP FUETETAETHMOWILEKT Q

Predicted Features:
DISULFID 414 435 B simnilarity [condition: C-x*-C]
ACT_SITE 434 Charge relay systern (By similaribyl [condition: H] [group: 1]
ACT_SITE 4e3 Charge relay system (By similarity) [condition: ©] [group: 1]
DISULFID L7 cad B simnilarity [condition: C-x*-C]
DISULFID T CEZ B simnilarity [condition: C-x%-C]
DISULFID t74 B2 B simnilarity [condition: C-x*-C]
ACT_SITE Loy Charge relay systern [By similarity) [condition: 5] [group: 1]
L S, J #

E‘_:Elgii 1 ) w (231 aa) individual wiew

Trypsin precursor (EC 3.4.21.4). Sus scrofs (Fig)
Hitz on PDE 30 stroctures: [1AKS-A, 16KS-E, 16M1-E, 18WW-A, 1aYK-A, 129P-A, 1D30-4, 1DF2-4, 1EJA-4, LIEPT-A, 1IEPT-E, 1IEPT-C, 1EWI-A, 1IFMS-A, 1IFME-A, IFMI-A, 1H9H-E, 1H9I-E, ILDT-T, 1LT2-A,
1IMCT-&, 190U-4, 1555-4, 156F-A, 156H-A, 1581-4, 1582-4, 1583-A, 1584-4, 1585-4, 1TFK-A, 1TFK-B, 1THE-A, 1THE-B, 1THR-C, 1THE-D, 1UHE-A, 1UHE-E, 1WeC-a&, 17YF4-4]

9-229: score = 400,099

IVEGEYT CAANS IPYQWELEE - - FEHFCFFEL INSQURATS AAHCY-———— KSR IQUVRLGEH

NIDVLEGHEQFPINAAEI ITHPNTHGNTLDND IML IKL 3SFATLNSE VAT VELE - -RECAS
AGTECL ISGWGNTES g3 3 VP SLLOCLEAPVL SDESC-KEEYVE =] IT ZHM ICVEFLE ==E
DECQGDEFERTC - - - ~HEQL Q= IV 3 Y FC AQENER YT CH AW IQOT I A

Predicted Features:

CISULFID EXS 43 B simnilarity [condition: C-x*-C]
ACT_SITE 42 Charge relay systern (By similaviby) [condition: H] [group: 1]
ACT_SITE 9z Charge relay system (By similarity) [condition: ©] [group: 1]
DISULFID 124 191 B simnilarity [condition: C-x*-C]

DISULFIC 1EE iro B simnilarity [condition: C-x%-C]

—r—n . ama —— - r e P |



Functionally and structurally relevant
residues in PROSITE motif descriptors

A new concept to extract more information from
profiles

Principle :

e Combining the advantages of profiles (high
sensitivity) and patterns (position-specific
information)

e Tagging of amino acids at precise positions in
the profile and checking their presence in the
matched sequence

o o,
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Summary of advantages of patterns and profiles

Patterns or regular expressions :
eUser-friendly (easy to understand and to use)
e\Well-designed for the detection of biologically meaningful
sites such as residues playing a structural or functional role
eCan be used to scan a protein database in reasonable time on

any computer

Generalized profiles or weight matrices :
o\Well adapted to cover the full length of the protein or domain
eAre able to detect highly divergent families or domains with
only few well-conserved positions

o o,
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ProRule: A help for function prediction and

annotation
Sigrist et al.: Bioinformatics 21:4060-4066(2005)

Aim :

e Provide users with biologically meaningful functional and structural
information:
active sites,
post-translational modification sites,
binding sites,
disulfide bonds,
transmembrane regions.

e Help the Swiss-Prot annotation and provide enhanced homogeneity:
domain name and boundaries,
keywords and linked GO terms,
EC numbers,
false negative PROSITE patterns.

_ ,ﬁ si8 Hg E. Gasteiger - Protein databases and Trieste, June 2006
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Pro

Frofule is a database containing additional information abowt PROSITE profifes. it is wsed fo help function prediction and annotation of the SwissFProt knowiedgebase. The FProRule
database Uses the UniRwe format that is in the form of SwissProt lines and Is identical for alil iypes of riles created to annotate SwissProt, ke the HAMAR family rules. Each nile is
triggered Dy & PROSITE profile anc contains information iinked o the dormain ar protein famil: covered by the profile. This Information can be general e.g. always asasociated with the
dormaln or protein family, oF conditional, depanding on the presence of paricliar resicles in functionaily o structuraliy chitical positions.

Annotation rule PRU00274

[?] General information about the entry
Accession FRLIODZT 4
12-DEC-2003 (Created)

Dates 12-M&Y-2005 (Last updated, Version 13)
Data class Domain

Predictors PROSITE, PS50240; TRYPSIM_DOM
Mames Setine proteases, typsin domain
Functian Cleaves preferentially: Arg-|-¥aa, Lys-|-+aa
Description +(EC 3.4.21.-) [case <FTGroup:1=]

[?] Comments

* SIALARITY: Belongs to the peptidase 51 family.
« SILARITY: Contains # peptidase 51 domain.

[?] Cross-references

FPS00134; TRYPSIM_HIE; 1 [case <FTGroup:1>]
PS00135 TRYPSIM_SER,; 1 [case <FTGroup:1=]
FS00134; TRYPSIN_HIS; 0-1 [case not{<FTGroup:1:=)]
PSo01aa TEYPSIM SER: (-1 [case not(<FTGroup: 1>

PROSITE

[?] Features

Key From To Dezcription Condition [?] case

From: P550240

DOMAIN from to Peptidase 31 #

ACT 3ITE 4z 4z Charge relay system (By similarity) H FTGroup[1]
ACT SITE =k =k Charge relay system (By similarity) D FTGroup[1]
ACT SITE 186 186 Charge relay system (By similarity) 3 FTGroup[1]
DISULFID 27 43 By similarity C—x%-C

DISULFID 125 192 By similarity C—x%-C

DISULFID 156 171 By similarity C—x%-C

DISULFID 182 210 By similarity C—x%-C




Hidden Markov Models (HMM)

e A powerful probabilistic method;

e The advantage of HMM is that you
can use them to both build the
multiple sequence alignment and to
detect if a protein belongs to a
family or a domain;

e FOr a review see:
Bioinformatics 14:755-763(1998)
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wellcome trust

sanger

institute
[ Pfam HDI:I'IE

&
Ny,
=

By UniProt Identifier

', Plam C—==
7 _

FTP iPfam
k Y

___T""x"-; V

;Sanrnh by

Help [ About

b

Enter a UniProt name or accession number

Pfam has pre-calculated the domain structure of the
proteins in UniProt, If vou know the name or accession

SubmitE!ueryl Hesetl Example

number (e.g, VAY_HUMAN or 091427 then you can see
the Pfam domains on the sequence instantansoushy .

By Protein sequence

Single sequence searches

If wou don't know the UniProf identifier for vour sequence, vou can perform a slower, HMIM search by giving your sequence
below,

Cut and Paste your sequence here (This search will take 1-2 minutes)

Pfam Search Options

Search type: Output format;
I Both Global & Fragment Pfam search ;I I Graphical output ;I

* Searching adainst SMART and TIGE hmm's has been disabled. If should return
shorthy. *

E-wvalue cutoff level:
j1.0

Search Pfam I Reset | Example I

Far help on the scores in Pfam, and the difference between standard and fragment searches, click here

http://www.sanger.ac.uk/Software/Pfam/search.shtml
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PROSITE - tools

http://www.expasy.org/tools/#pattern :
e ScanProsite
o myHits MotifScan

e ... and many others to scan a sequence against
PROSITE or a pattern/profile against a protein
sequence database

e Interpro Scan:
http://www.ebi.ac.uk/interpro/scan.html

}. ...-""--'-., i . .
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Other methods

Pfam, TIGRFAMs, SMART: Hidden Markov Models (HMM),
Probabilistic model;

PRINTS: “Unweighted” matrix; protein fingerprints
BLOCKS: Weight matrix derived from ungapped alignments;

PIR SuperFamily: classification system based on evolutionary
relationship of whole proteins

ProDom: automatic compilation of homologous domains based
on recursive PSI-BLAST searches.

}. ...-"'-'-., i . .
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The INTERPRO project

www.ebi.ac.uk/interpro

e Unification of PROSITE, PRINTS, Pfam into an integrated
resource of protein families, domains and functional sites in
2000;

e Joint effort in creating a unified yet methodologically diverse
system for protein family/domain identification;

e Single set of «documents» linked to the various methods;

e Distributed with tools by anonymous FTP and through WWW
servers;

e Used to enhance the functional annotation of UniProtkB
(Swiss-Prot and TrEMBL)

e progressively incorporates other databases

}. ...-"'-'-., i . .
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Current status of INTERPRO

Release 12.1 (March 2006) was built from Pfam, PRINTS,
PROSITE, ProDom, SMART, TIGRFAMs, PIR SuperFamily, Scop
based Superfamilies, Gene3D and PANTHER, and the current
Swiss-Prot + TrEMBL data.

(for details see http://www.ebi.ac.uk/interpro/release notes.html)

InterPro release 12.1 contains 12953 entries, representing 3’585
domains, 9055 families, 238 repeats, 32 active sites, 22 binding
sites and 21 post-translational modification sites. Overall, there are
11'318'934 InterPro hits from 2207141 UniProtKB protein
sequences.

929% of Swiss-Prot and 77% of TrEMBL protein
sequences have one or more hits in InterPro.
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; . wmuclentide sequences ;l : 7 Site search
= i 2 A Site g
uropean Bioinformatics Institute c

EBI Home About EBI

Groups Services Toolbox Databases Downloads Submissions

InterFro

[Femove menu]

InterPro

* InterFro home
= Text Search

* InterFroScan

= Databases

« Documentation

»Tutorial

»Praject Outlines
»Collaborators
rExample Entry
»Dataflow Scheme
rHelease Motes
rllser Manual
»Fublications
»Browser FAL

_ * FTF site

= Protein of the month

wizliirmco Myidaca and

[EEE Home  http://www.ebi.ac.uk/interpro/

InterPro is a database of protein families, domains and functional sites in
which identifiable features found in known proteins can be applied to
Lnknown protein sequences.

Further information on InterFro can be found in the documentation - see
links on the left hand side.

For information, comments and/or suggestions on the InterFro database,
please contact us at EBl Support.

Search

Search - help - example: kinase

Search Entriez = | Search IntePro I

Updated Documents and Mewr Links

Announcement: —

e InterPro release 12.1 |s out with increased coverage and functionality .



EIREY PR001304 C-type lectin

http://www.ebi.ac.uk/interpro/IEntry?ac=IPR001304

Ovendew.  sorted by AC, sorted by name,  of known structure, proteins with splice variants
Cetailed: sorted by AC, sorted by name,  of known structure  proteins with splice variants
Table: For all matching proteins, of known structure

Architectures

IFRO01304 Lectin C Matches: 1925 proteins

Type (z)|Domain
Database D Mame Proteins
Pfam PEO0DSS Lectin 1749

PROSITE pattern PS00615 C TYPE_LECTIN 1 1119
PROSITE profile PS50041 C_TYPE_LECTIN. 2 1821
SMART SMO0034 CLECT 1777

IPRO02352 Eosinophil major basic protein
IPRO02353 Type || antifreeze protein
IPRO0Z386 Selectin (CODEZE/L/P antigen)
IPRO03980 Pancreatitis-associated protein
IPRO0G228 Polycystin cation channel

GO:0005528 sugar binding

Animal lecting display a wide variety of architectures. They are classified according to the
carbohydrate-recognition domain (CED) of which there are two main types, S-type and C-type [ 1
. 2.31]

C-type lectins display a wide range of specificiies. They require Ca 2* for their activity They are
found predominantly but not exclusively in vertebrates.

r




InterPro:

L] | Graphical domain representation

REG1A_HUMAN

InterPro Signatures

Structure
GOl |IPRO01304 PFO00SY Lectin_C
Homo sapiens (Human)l |prpg1304  PSO061S - C_TYPE_LECTIN_1
IPRO01Z04 PS50041 2 ——— - C_TYPE_LECTIN 2
IPRO01IZ04  SMODDM &— e CLECT
IPRO02353 PRO0356 == == ANTIFREEZEI

IPEO03880 FPRO1504 — e e PMCREATITSAF
Structural features

4.10.100.10.1 e 1qUdAl — A E Y

d.165.1.1 e dlgdda  — 47 rriiirriyis.
structural predictions

ME PO5451 IS IS :

ModBase o
FRINTS —
Ffam —

: — Match Status key:
FROSITE profile | == True
FROSITE pattern : FlFare
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The ExXPASYy software tools

e Tools for the display and management of databases
(NiceProt, Swiss-Shop sequence alerting system,
etc.);

e Tools for sequence analysis (ScanProsite,
ProtParam, ProtScale, RandSeq, Translate, etc.);

e Proteomics tools (AACompldent, FindMod, FindPept,
Aldente, PeptideMass, Tagldent, etc.);

o 3D-structure analysis and display tools (Swiss-
Model, Swiss-PDBviewer)
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Identification:

14| EXPASY Proteomics tools Aldente
http:/ /www.expasy.org/tools/ TagIdentf
4

The tools marked by gly are local to the ExPASy server. The remaining tools are developed and hosted on other servers, AA C Om pI d ent

[Protein identification and characterization] [DNA - Protein] [Similarity searches] [Pattern and profile searches] [Post-translational modifi

[Primary structure analysis] [Secondary structure prediction] [Tertiary structure] [Sequence alignment] [Phylogenetic analysi: M u Iti Id ent

Protein identification and characterization

Identification and characterization with peptide mass fingerprinting data

o Aldente & - Identify proteins with peptide mass fingerprinting data, & new, fast and powerful tool that takes advantage of
recalibration and outlier exclusion - - .
s FindMod &t - Predict potential protein post-translational rmodifications and potential single aming acid substitutions in peptides Cha ra Cterlzatlon .

are compared with the theoretical peptides calculated from a specified Swiss-Prot entry or from a wuser-entered sequence, an .
characterize the protein of interest. F| nd MOd

* FindPept it - Identify peptides that result from unspecific cleavage of proteins from their experimental masses, taking into ac

post-translational rmodifications (PTM) and protease autolytic cleavage G choMOd
ik ’

o GlycoMod & - Predict possible oligosaccharide structures that occur on proteins from their experimentally deterrined rmasses

oligosaccharides and for glycopeptides) Fi nd Pe pt

Mascot - Peptide rass fingerprint from Matrix Science Ltd., London

PepMAPPER - Peptide mass fingerprinting tool from UMIST, LK

PFMUTS - Shiows the possible single and double rutations of a peptide fragment from MALDI peptide mass fingerprinting
ProFound - Search known protein sequences with peptide mass information from Rockefeler and MY Universities [or from Gen
& ProteinProspector - UCSF tools for peptide masses data (MS-Fit, MS-Pattern, MS-Digest, etc.) An a Ivsis .

Identification and characterization with M5/MS data

o Popitam éf ™ - Identification and characterization tool for peptides with unexpected modifications (2.g. post-translational Pe ptl deM aSS,
spectrometry

& Pheryx - Protein and peptide identificationfcharacterization from MS/MS data from GeneBio, Switzetland G ch a n M aSS

& [Mascot - Sequence query and MSMS ion search from Matrix Science Ltd,, London

jersities [or fi

& OMSSA - MSIMS peptn:le Spectra |der'|t|ﬁ|:at||:|r'| by‘ Searchmg libraries of knu:uwn pru:utem Sequencez Bi OG r a ph

- Use annotation in Swiss- Prot and TrEMBL - PeptideCutter
(preprocessing, PTMs, etc.) ——  ProtScale,
- Hyper-links between tools and databases [|“*“*" ProtParam




Finding out about recent
developments:

What's new on ExPASY:
http://www.expasy.org/history.html

UniProtKB/Swiss-Prot recent format changes:
http://www.expasy.orqg/sprot/relnotes/sp news.html

UniProtKB/Swiss-Prot planned format changes:
http://www.expasy.org/sprot/relnotes/sp soon.html

Subscribe to the electronic Swiss-Flash bulletins:
http://www.expasy.org/swiss-flash/
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Swiss-Prot; Refe Frences

http://www.expasy.org/sprot/sprot-ref.html
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Brief. Bioinform. 5:39-55(2004).

Farriol-Mathis N. et al. Annotation of post-transiational modifications in the Swiss-Prot
knowledgebase. Proteomics 4:1537-1550(2004).

Gasteiger E. et al. A. Swiss-Prot: Connecting biological knowledge via a protein database
Curr. Issues Mol. Biol. 3:47-55(2001).

EXPASY:

Gasteiger E. et al. ExPASy: the proteomics server for in-depth protein knowledge and
analysis. Nucleic Acids Res. 31:3784-3788(2003).
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Useful general publications

e Nucleic Acids Res. Database issue 2006, vol.
34, supplement 1:

http://nar.oupjournals.org/content/vol34/suppl 1/

e Nucleic Acids Res. Web server issue 2005,

vol. 33, supplement 2:
http://nar.oupjournals.org/content/vol33/suppl 2/

e Book: Bioinformatics for Dummies, by J.-M.

Claverie and C. Notredame

Publisher: For Dummies; 1st edition (January 15, 2003)
ISBN: 0764516965
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Before the introduction to Swiss-Prot...

After the introduction to Swiss-Prot...



