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Philosophical underpinnings ...

* Bioinformaticsis here to stay—simply because computers are part
of everyday life. This is not going to change in the near or distant
future

« Students, researchers, etc., will be better served embracing
bioinformatics ideas even if they do not necessarily want to pursue
bioinformatics-driven careers, and opt to be “bench” scientists

* There is significant tool development that will allow scientists to
access these to enhance their research (data-analysis, information
dissemination, etc.) without having to recourse to collaborations with
bioinformatics specialists—unless if specific tools have to be
developed

* One should not ignore the intellectualism that goes into
conceptualizing and developing tools

* It makes sense then to be able to access and understand how to
use these tools
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Theme of the today’s class—web-based
proteomics applications

. Isocitrate dehydrogenase (EC 1.1.1.42) and (EC 1.1.1.41), also known as IDH, is an enzyme that participatesin
the citric acid cycle. It catalyzes the third step of the cycle: the oxidative decarboxylation of isocitrate,
producing alpha-ketoglutarate (a-ketoglutarate) and CO, while converting NAD* to NADH.
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http://en.wikipedia.org/wiki/File:Citric_acid _cycle with aconitate 2.svqg
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Selected Proteomics
Applications through NCBI

GenBank—resource for genes
Pubmed

Computational Resources from NCBI's
Structure Group

Conserved Domain Database (CDD)
Peptidome

Protein Clusters

Protein Database

Structure (Molecular Modeling Database)

Genbank (Search Nucleotide)

= GenBank Overview

Entrez ] 0 30 il oy Structure

"Bt [socivate dehydrogensse |

» What is GenBank?

GenBank® is the NIH genetic sequence database, an annotated collection of all publicly available

brnit to GenBank DNA sequences (Nucleic Acids Research, 2008 Jan:36(Database issue).D25-30). There are
-~ approximately 106,533,156,756 bases in 108,431,692 sequence records in the traditional
Submitan update GenBank divisions and 148,165,117,763 bases in 48,443,067 sequence records in the WGS

CarchCEnDank division as of August 2009.

The complete release notes for the current version of GenBank are available on the NCBI ftp
site. A new release is made every two months. GenBank is part of the International Nucleotide
Sequence Database Collaboration, which comprises the DNA DataBank of Japan (DDBJ), the
European Molecular Biology Laboratory (EMBL), and GenBank at NCBI. These three
organizations exchange data on a daily basis

An example of a GenBank record may be viewed for a Saccharomyces cerevisiae gene

In The News: 2009 H1N1 Flu Virus (Swine Flu)
The Centers for Disease Control and Prevention and other health officials are actively tracking
the recent emergence of human cases of swine influenza A (H1N1) virus infection. Influenza A

virus sequences from patients affected by this strain are being submitted to GenBank and can
he accessed through the NCBI Flu Resource

» NLM/NCBI 2009 H1N1 Flu Resources:

« Newest 2009 HIN1 influenza A sequences
 Citations recently added to PubMed

« MedlinePlus {consumer health infarmation)

* Enviro-Health Links
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Nucleotide-Genbank’s gene repository

Nucleotide Search: Nucleotide

Save search Limits Advanced search Help.

Alphabet of Life
7 isocilrate dehydrogenase and Human

| Search JES3

Display Sefings: (+) Summary, 20 per page, Sorted by Default order

@ Found 1702 nucleotide sequences. Nucleotide (1227) EST (475)

This search in Gene shows 38 results, including:

IDH3B (Homo sapiens): isocitrate dehydrogenase 3 (NAD+) beta
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IDH2 (4 isocitate 2(NADP+),
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Protein Sequence in Genbank (isocitrate dehydrogenase)

Protein SN Proten - Lims Adveca seorch bt

Protein Search| Proter - Savesearch Limits Afvanced ssach Help

Jsaatirag ) corPpt st

isocitrate dehydrogenase [Homo sapiens]
eoBank: AACSDIS

Note that the protein sequence and the rest of the entries are formatted similar to
that of the nucleotide sequences in Genbank.
This is a database architecture issue.

Pubmed—repository of biomedical
abstracts

PublQed g [sesnlrumes e
s isocitrate dehydrogenase B ces

PubMed

More Resources

Using PubMed
P

MeSH Datatase

=

Informationin Pubmed is available in several formats.

Abstracts can be downloaded 500 at a time

Abstracts can be specified in terms of date of publication, author lists, etc

If subscriptions are available, a user can access the full text of articles

NCBI has made several utility tools available to automatically download abstracts
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A single Abstract in Pubme

PUbWed-Q‘”’ Search; PubMed | Limits Advanced search Help
£

isocitrate dehydrogenase \m Clear

U.S. National Library of Medicine
National Institutes of Health

Display Settings: () Abstract Sendto

Biochem Biophys Res Commun. 2011 Jan 22. [Epub ahead of print]

Ataxia telangiectasia mutated influences cytochrome c oxidase activity.
Patel AY, Macdonald TM, Spears LD, Ching JK, Fisher JS.
Department of Biology, Saint Louis University, St. Louis, MO 63103, USA.

Abstract
Cells lacking ataxia telangiectasia mutated (ATM) have impaired mi ial function. F 5 ian cells lacking ATM have increased
levels of reactive oxygen species (ROS) as well as mitochondrial DNA (mtDN) deletions in the region encoding for cytochrome ¢ oxidase (COX). We

ized that ATM COX activity in skeletal muscle. COX activity was ~40% lower in tibialis anterior from ATM-deficient
mice than for wild-type mice (P<0.01, n=9/group). However, there were no ATM-related differences in activity of succinate dehydrogenase, isocitrate

, alph: % glycerol 3 , or complex Il of wild-type

extensor digitorum longus muscles for 1 hwith the ATM inhibitor KU55933 caused a ~50% reduction (P<0.05, n=5igroup) in COX activity compared
to muscles incubated with vehicle alone. Among the control muscles and muscles treated with the ATM inhibitor, COX activity was correlated (=061,
P<0.05) with activity of glucose 6- L akey of defense through production of NADPH. Overall, the
findings suggest that ATM has a protective role for COX activity.

Copyright A8 2011. Published by Elsevier Inc

PMID: 21266166 [PubMed - as supplied by publisher]

Computational Resources from
NCBI's Structure Group

http://www.ncbi.nlm.nih.gov/Structure/index.shtml



http://www.ncbi.nlm.nih.gov/Structure/index.shtml

Three-dimensional structure views in Genbank--
STRUCTURE

Structure

Search | Structure Rk glisocitrate dehydrogenase]

-
<3 NCBI

All Data

3o
carch
Limits | Previewindex | History | Clipboard | Details |

Display | Summary v Show [20 /[ Sort By v|[Sendto v 2 Download CnaD

Links: Literature, Domains, Chemicals, Other Links 2

Al:98 | NMR: 0 [ Xeray. 98 [z]

Items 1 - 20 of 98 1 of 5 Next
O2va2 Domains, Chemicals
1

Structure Of Isg D From Thermus T philus - Complex

With Nadh And Mn [Oxidoreductase, EC: 1.1.1.85]
Taxonomy: Thermus thermophilus

Proteins: 4; Chemicals: 3

modified: 2011/01/20; MMDB ID: 87988

Domains, Chemicals

Structure Of Isg D From Thermus Thermaphilus - Complex
WIth lpm And Mn [Oxidoreductase, EC: 1.1.1.85]

Taxonomy: Thermus thermophilus

Proteins: 2, Chemicals: 3

modified: 2011/01/20; MMDB ID: 87987

Dormains, Chemicals @

Structure Of Isoj D From Thermus Thermophilus - Complex
With Mn [Oxidoreductase, EC: 1.1.1.85)

Taxonomy: Thermus thermophilus

Proteins; 2; Chemicals: 2

modified: 2011/01/20; MMDB ID: 87986

Domains, Chemicals (3

Structure Of Iso D

Enzyme [Oxidoreductase, EC: 1.1.1.85]
Taxonomy: Thermus thermophilus
Proteins; 1; Chemicals:

modified: 2011/01/20; MMDB ID: 87985

From Thermus T philus - Apo

Structure of Actin—Genbank Structure View

Structure Summary
MMDB

Entrez | Structure Protein | COD | PubMed Taxonomy | PubChem Hell

p [ Cn

MMDB ID: 86995 |PDB ID: 2CM) PDB or MMDE ID

Description Crystal Structl)
Dehydrogenase.
Deposition: Cho H, Kim KJ, Huh
Taxonomy: Mus musculus
Related Structure: VAST

Of Mouse Cytosolic Isocitrate

| Kang BS, 2006/5/10

Link to Protein Databank

Structure View in Cn3D | [Structure View in Rasiol | eVISua“Zatlon SOftWare

Tasks: [Display | ¥| Drawing: [All Atoms v

Download Cn3D View Cn3D Tutorial

Mole
chair
eag

lar componen cromolecular

, 3D domains, pr (domain families), and ligands, as available. Mouse over
icon for more information on the component. @

n the MMDB structure are listed below and may include r
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Structure of Domains in Genbank

3d Domains 1 2 1

Donain Families

Super Families ( Iso_dh superfamily )
Protain
Donain Families

Super Families ( Iso_dh superfamily )

Chemical

Sl

Q
NADP
2 occurrences

List of domains related to
or associated with
Isocitrate Dehydrogenase

Conserved domain database (CDD) in Genbank

- My NCBI

[Sign In] [Register]

Search | Conserved Domains v | for |

[ Limits | Previewnndex | History | clipboard | Deta

Conserved Domains Database RESOURCES | SEARCHMETHODS | HOWTO |HELP | NEWS | FTP | PUBLICATIONS 'DISCOVER

Hints on Finding a Conserved Domain

This page is used for searching by text term (other search methods allow queries by protein sequence)
Enter one or more search terms (e.g., chloride channel)

Use search fields to narrow your search (tips)

Advanced search options are available in the Limits, Preview/index, and History folder tabs

Boolean operators AND, OR, NOT must be in upper case

Use quotes to force a phrase search (e.g., "voltage gated")

Use a wildcard (e.g., glycol*[title]) to search for a word stem

Search results and conserved domain records are described in the help document.

s e e s e e

About the Datahase

Conserved domains are functional units within a protein that have been used as building blocks in molecular evolution and Whatis a conserved domain?
recombined in various arrangements to make proteins with different functions

The Conserved Domain Database (CDD) brings together several collections of multiple sequence alignments representing
conserved domains, including NCBI-curated domains, which use 3D-structure information to explicitly to define domain
boundaries and provide insights into sequence/structure/function relationships, as well as domain models imported from a
number of external source databases (Pfam, SMART, COG, PRK, TIGRFAM)

The data are then used for putative functional annotation of protein query sequences based on matches to specific hits
(illustrated example) or superfamilies, identification of proteins with similar domain architectures, and protein classification. The
Conserved Domains and Protein Classification overview page provides more information about the resources available and how
they can be used

1/27/2011
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CDD ...
e a

Search Conserved Domains | for |isacitrate dehyrogenase Save Search
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Display | Summary v|Shaw 20 v | Sot By v [Sendto w

Links: Related CDs, Literature, Sequence, Structure, BioSystems, Other Links (7]

5 R

Items 1 - 20 of 24 1 of 2 Next

CIcio1891 Retated CDs, L

All:24 | NCBR-curated: 0 | families: 22 | importes) 17 | supertamil

ature, Sequence, Skucture, Other Link
AceK |socitrate dehydrogenase kinase/phasphatase (Acek)

This farily consists of several bacterial isocirate detrydrogenase kinase/phosphatase (Acek)
proteins (EC.27.1.116) [166492]
[ ptam06315 Redated CDs, L

ature, Sequence, Structure, Other Links

AceK socitrate dehygrogenase kinase/phosphatase (AceK)

This family cansists of several bacterial isocitrate derydrogenase kinase/phosphatase (Acek)
proteins (EC:27.1.116). [148119]

[ pfam03971 Laerature, Sequence, Stuclure, Olhet Links
%

IDH. Monomeric isacitrate dehydrogenase

NADP(+)-gependent isocitrate dehydrogenase (ICD) is an important enzyme of the

intermediary metabalism, as It controls the carbon fiu within the citric acid cycle and supplies the cell with 2-
‘oxoglutarate EC.1.1.1.42 and NADPH for biosynthetic purposes. [112770]

[ TIGR02224

4

Stucture, Other Link

ICDH_alpha: isacitrate dehydrogenase

This family of mainly alphaproteabacterial erzymes is a member of the

soctratesopropyimatate dahpcimgenas fgeiranly tascrbed b laniO{ 0 Evary nembac o i see it
this model appears to have a TCA cycle lacking only a determined isocilrate defiydrogenase. The precise
identty of the cofactor (NADH - 1.1.1.41 vs. NADPH - 1.1.1.42) is unclear. [163075]

[ TIGRO0178

5

squence, Sructure, Other Links

monomer_idn: isocitrate dehydrogenase, NADP-dependent, monomeric type

The mondmeric type of isocitrate dehydrogenase has been found so far in a small number o
species, including Azotobacter vinelandii, Corynebacterium glutamicum, Rnodormicrobium
vannielil, and Neisseria meningitiis. It s NADP-specific. [123282]

[ TIGRO0183

d CDs, Saquenca, Structure, Other Links

CDD...

<3 NCBI S 3 -

J965 =
HGHE | SEARCH | STTE WA Entrez | COD. [ Structure Protein I Help

TIGRO2924: ICDH_alpha

isocitrate dehydrogenase

This family of mainly alphaprotecbacterial enzymes is a member of the isocitrate/isopr described by
pfam0D0180. Every member of the seed of this model appears to have a TCA cycle ]EPkWCI only a determined isocitrate dehydrogenase. The precise
identity of the cofactor (NADH -- 1.1.1.41 vs. NADPH -- 1.1,1.42) is unclear.

TIGR02924 is classified as a model that may span mare than one domain,

TIGR02924 is not assigned to any domain superfamily.
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CDD ... if structure is available

PubMed References @
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foring, sequence
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Protein Clusters ===

My
[Sian inl Realste:

Search | Frotein Clusters v for

al Genome:
browss micrabia
tesources stNCE!

Plasimed:
browss comglete

plasmigs stNCBI

Limits | Previewtndex | History | Capboad | Detalls

Protein Clusters
About the Database

welcome to Entrez Protein Clusters, This collection of related
protein sequences (clusters) cansists of Refarence Sequance
proteins encoded by complets genomes. This database contains
both curated and non-curated clusters. For release-specific
information check the stats page

The Protein Clusters database provides easy access to annotation
information, publications, domains, structures, and extemal links
and analysis tools including multiple skgnments, phylogenetic trees,
and genomic neighborhoods (Prathap),

Protein Clusters can be searched live any other Entrez database.
For mora information on how to use Entrez plaase examine the
Entrez Helg Document.

A specialized BLAST service is accessible (Concise Protein BLAST)

Data is avadable for download via Pr lusters ETP

Example Searches.

all elusters with ribosomal protes as the curated name
‘ribosomal protein’[Praten Namel

all Clusters that are ancoded by chioroplasts

*source chioroplast™[Al Figlds]

pcument for more information.

Check the kmits page and the help
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Clustering Proteins in terms of Sequence Similarities--Genbank

PTZ00435

(Curated - Provisional)

¥ Cluster Info

isocitrate dehydrogenase

Catalyzes the oxidative of isacitrate into alph

dependent on NADP+. Cytoplasmic localization.

Gene name: None

1D 2743117 Domain description: Isocitrate/isopropylmalate dehydrogenase
Total proteins : 31
Conserved in : Eukaryota BRITE hierarchy.
Total genera : 12 i Metabolism;Citrate cycle (TCA cycle
Totalorgameme 29, Energy Metabol boxylate cvele (C02 fixation)
P“”‘gj;’;::ggz go Metabolism of Other Amino Acids;Glutathione metabolism

¥ Cluster Tools P Publications by categories (only one publication per category is shown)

(Show all 20

Shaw detailed

i !  Curated [3]: Influence of Incalization on the function of yeast NADP+specific isocitrate
alignment
g Avch Biochem Biophys 2004 Mar 15 more.
Build tree
T  SwissProt [2] : Proteomics fingerprinting of phagosome maturation and evidence for the role of a Galpha during uptake. Mol
Cell Proteornics 2006 Dec more
EC Number
KEGG KO
InterPro : 3  CDD [15] : The high-resolution Structure of Leud (Rv2995¢) from J Mol Biol 2005 Feb 11
TIGRFAM : TIGR00127 rond
Domain(s) : cl00445(Iso_dh) T
» Entrez Links
Alignment
Organism P Prev. ” Next " ’
rotein name Accession Locus_ta Length UniProt BLink
(Callose Cluster Cluster -tag 9
Identical sequences are ramed
a.Eukaryota
o isocitrate dehydrogenase,
[lEsbesis bovis T280  NADP-gependentfamily ~ CLSZ2434767 XP 001611855 CLSZ2434773  BBOV INOOT200  4d0as  ATAFOS & Allsequences have the same domain
brote Sucture (Expang
Oy Cottosporisum mus CLSZ200108 XP 002141313 CLSZ2435004  CMU 033430 i2as  BBAFKS — —
Og [bigusilion ~ iaclate LSz e aze  przmoss  Dop cozrzoe  zas s & ——
Dj‘iﬁ'm“iﬂ‘,:'lx i *4,_,_.?:;::&@" diogenzse  pranosss xp easzed PTZ00237 DDB 60272210 42832 Q7GIRZ & | E—
Leishmania
s isacitste CLSZ255720 XP 01862802 CLSZZASSTZT  LbMAD V20310  Saa  AdHerz — —
MHOMIBRITSMZ04
Infantum oo giigte cLsz2a8? P 001463680 _CLSZ2455727 Lind10.0810 4532 pdnuDs @ I
[ktshmaniemaier oy, CLsaserzn e obtestie LSz Lmfioen  sas  gamAT & — —
DDW wm_v:nw CLSZ2737184 XP_ 002673333 CL 36688 NAEGRDRAFT 82731 330aa * N
3in NEG- -gependen
O [E20ssun = bupothetical protein CLSZ2449020 XP 001920548 CLSZ2448018 OSPATTO0N971001 4ifas  ADBKTZ —

Peptidome
«c a

Using Peptidome

Peptidome

Searth Pegtidoms Umits Advanced search Heip

actin

3 clewr

Peptidome

Other Resources Publications and Posters

Resources

Musleic Acde Res 2010430

Searth Poptidoms v

Peptido[ne

o

a

N
Be

Display Setings. ) Summary Sendto |
C11: PSE11E Quantitative mass spectiometry reveals a role for the GTPase Rholp In actin Dowalcad
organization on the peroxisome membrane [Saciaran reviziae]
mmar sl fractionation with large-scale quartitative mass spectrometry to idert
cally with peroxisomes of Saccharo siae. In two complementary
4 sty tags and tandem mazs =e used to quanitdy the relative

rotens during the purdication of
protems led 1o 3 privitized list of 7

them being peroxizomal. mare

ar SEGUEST

le PEM1085 Sa
PEM1086 Samals
PSW1067. 53
PSM1068 Sa

Save search Limits Advanced search  Help

[Search 0]
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Peptidome ...

Study PSE116

PseLle T

PSE116: Quantitative mass spectrometry reveals a role for the GTPase Rha1p in actin organization on the peroxisome membrane
Organtsm: sccharomyces carevisia
statistics

samples: 4
Proteins: 356 Peptides: 1113 Spectra: 55

Datos

Release: peay

Met

updater Moy 20, 2005

Contact

2
Address:

Overall Design

QuantRative mass spactromatry reveals & role for the GTPass Rho1p in actin organization on the paroxisome membran, J Cell Biol 2004 Dac

Processing Method:
Seorch Engines:  SEQUEST

Madificotions

size

1346 k8

BEEE

Peptidome

Accession « | Sample Tiie Organism Flatform Prote..  Pepti.  Spec.
PSM1065 Sample 1: identification of ICAT ESLION-TRAP 152 s 3083
P03 P ASCEEEEN, entifiation of ICAT ESHON.TRAP 20 605 368
PSM1067 Sample 3: identification of ICAT ESLION-TRAP 127 185 314
Psiosa Sample 4 identification of ICAT ESHON.TRAP 185 a0 1510
File Type Size
Peptidump .xml PeptidormneXML 1.67 MB
PAe000157 .pepXML Ident 64,47 MB
PAe000157.pro-pep Results 32.79 KB
012403_04.mzXML.bz2 Spectra 25,1z MB
012403_05.mzXML.bz2 Spectra 19.50 MB
012403_06.mzXML.bz2 Spectra 19.55 MB
012403_07.mzXML.bz2 Spectra 18.20 MB
012403_08.mzXML.bz2 Spectra 19.06 MB
012403_09.mzXML.bz2 Spectra 19.34 MB
012403_10.mzXML.bz2 Spectra 19.09 MB
012403_12.mzXML.bz2 Spectra 23.14 MB
012403_13.rr IL.bz2 Spectra 23.98 MB
012403_14.mzXML.bz2 Spectra 28,71 MB
012403_15.m2zXML.bz2 Spectra 28.07 MB
012403_16.mzXML.bz2 Spectra 29.72 MB
012403_17.rr ML.b22 Spectra 30.36 MB
012403_18.mzXML.bz2 Spectra 3044 MB

Release Dete
May 21,2008
May 21,2009
May 21,200
May 21,2008

1/27/2011
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Peptidome ...

= Peptides

ENSEMBL—European version of Genbank—now focused
exclusively on genome wide applications

Login gister |

]
| s

Search: [Homo sapiens ¥ for |isocitrate dehydrogenase

human gene BRCAZ or rat X:100000..21

Browse a Genome

The Ensembl project p

ecies, and makes thi
lick on a link below 1o go to the specie

Popular genomes (Log in ta customiz

Zebrafish

All genomes

— Select a species v

New to Ensembl?

Did you know you ca

€2 Leam how to use Ensembl
with our video tut

00000 of coronaty hean disease

and walk-throughs

tracks

€2 Add cu
ysing our new Control Pa
yso your data
Ensembl account
2 Search for a DNA o protein sequence
ssing BLAST or BLAT

tenl, or Excel format

anda (Giant panda)

® New mbly (Zebrafish)
® New rabbit assembly (Rabbit)

® New Gene Ontology displays (sl species)

® Now navigation options on Region in Detail (s ”
EMBL-EBI "

Latest blog posts

1/27/2011
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Sample Ensembl Result—Chromosomal location and other

NAD + SPECIFIC ICDH SUBUNIT BETA

features for downloading information

Gene: ENSFMO00560000770977

« Protein families

ISOCITRATE DEHYDROGENASE [NAD] SUBUNIT BETA MITOCHONDRIAL PRECURSOR EC_1.1.1.41 ISOCITRIC DEHYDROGENASE SUBUNIT BETA

HUMAN genes in this family

Ensembl genes containing proteins in family ENSFM00560000770977

D

{if
]

T
=]
BEeg
¥ 15 1§ 17 18 O g 5 ot

Gene ID and Location Gene Name Description(if known)

ENSGO0000101365 IDH3B isocitrate dehydrogenase 3 (NAD+) beta [Source:HGNC Symbol,Acc:5385]
Chiomosome 20: 2.64m

ENSGO000067829 IDH3G isocitrate dehydrogenase 3 (NAD+) gamma [Source:HGNC Symbol;Acc:5386]
Chiomosome X: 163.05m

Ensembl ...

JE— — —»ex Formard trand me.
Te Tear T Te e T
EnsermblHevana
y SIORDS7.001 >
processed transcrpt

AL
protein coding

me—ears o0
NOPS6-016 > NOPSE-008 >
protein coding

'
MNORDSE-001 >
Processed transcrigt

0 0——0o-cRr TN
NOPS6-201 >

processed transcrpt
=]
NOPS6-014 >
processed transcrpt
oe—oo0
NOPSE-002
processed transcrpt
000
NOPS6-015 >
processed tranzriot
@00
NOPS6-013 >
procemed transrpt
oo
NOPS6-003 >
processed transcript
oo
NOPS6-017 >
processed transcript

protein coding

re~0
NCPS6-011 >
procemed trenript
L =]
NCP56-006 >
processed transtript
e

NOPS5-004 >
processed transcrpt
oo

NOPS6-001 >
processed transcript
=

NOPSE-018 >
processed transcrit

)
RP4-686C3.7-001 >
procemed tranzcrpt

rocemed transript

14
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SWISSPROT--http://www.expasy.ch/

— UniProt combines SwissProt and TrEMBI

“UniProtKB/TrEMBL (unreviewed) contains protein sequences
associated with computationally generated annotation and
large-scale functional characterization. UniProtkK B/Swiss-Prot
(reviewed) is a high quality manually annotated and non-
redundant protein sequence database, which brings together
experimental results, computed features and scientific
conclusions” --http://www.uniprot.org/help/uniprotkb

UniProt has replaced SwissProt

Mirro Sites

Switzerland: http://www.expasy.org/ at Swiss Institute of Bioinformatics, Geneva
Australia: http://au.expasy.org/ at Australian Proteome Analysis Facility, Sydney

Brazil: http://br.expasy.org/ at Laboratério Nacional de Computacdo Cientifica, Petrépolis

Canada: http://ca.expasy.org/ at Canadian Bioinformatics Resource, Halifax
China: http://cn.expasy.org/ at Peking University
Korea: http://kr.expasy.org/ at Yonsei Proteome Research Center, Seoul

UNIPROT SWISSPROT

NEWS

Prot ;

siTE ToUR

PROTEIN SPOTLIGHT

Accoss to e UnProt Knewledgebase

s

1/27/2011
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http://www.expasy.ch/
http://www.expasy.org/
http://www.isb-sib.ch/
http://au.expasy.org/
http://www.proteome.org.au/
http://br.expasy.org/
http://www.lncc.br/
http://ca.expasy.org/
http://cbr-rbc.nrc-cnrc.gc.ca/
http://cn.expasy.org/
http://www.pku.edu.cn/eindex.html
http://kr.expasy.org/
http://www.proteomix.org/

Search in

SwissProt—search for Proteins

Query

Protein Knowledgebase (UniProtkB)  v| [isocitrate dehydrogenase

- 25 of 8,133 results for isocitrate ® AND dehydrogenase I in UniProtkB sorted by score descending

% Browse by taxonomy, keyword, gene ontology, enzyme class or pathway | & Reduce sequence redundancy to 100%, 90% or 50% |

Advanced Search »

Results

> Show only reviewed (555) ¢ (UniProtKB/Swiss-Prot) or unreviewed (7 578)

> Quote terms: "isocitrate dehydrogenase”

(UniProtkKB/TrEMEL) entries

» Restrict term "isocitrate” to protein family (8,747), gene ontology (4,102), protein name (4 818), web resource (1)
> Restrict term "dehydrogenase” to pratein family (2), gene ontology (6,867), protein name (7,752), web resource (1)

> Restrict term "isocitrate” to pathway

> Restrict term "dehydrogenase” to pathway

Accession * Entry name  Status
075874 IDHC_HUMAN

PO8200 IDH_ECOLI
POA9GE  ACEA_ECOLI

P28241 IDH2_YEAST
P11071 ACEK_ECOLI
P33198 IDHP_PIG

P28334 IDH1_YEAST
P39126 IDH_BACSU

QBLFCO  IDH1_ARATH

i i . s

043837 IDH3B_HUMAN

Protein names

Isocitrate dehydrogenase [NADP]
cytoplasmic

Isocitrate dehydrogenase [NADP]
Isocitrate lyase

Isocitrate dehydrogenase [NAD] subui
..

Isocitrate dehydrogenase
kinase/phosphatase

Isocitrate dehydrogenase [NADP],
mitochondria...

Isocitrate dehydrogenase [NAD] subu
mit.

i

Isocitrate dehydrogenase [NADP]
Isocitrate dehydrogenase [NAD]
regulatory sub...

Isocitrate dehydrogenase [NAD] subunit
beta,

Gene names
IDH1 PICD

icd icdA icdE b1136 JW1122
aceA icl b4015 JW3975

IDH2 YOR136W 03326
YOR3326W

aceK b4016 JW3976
IDH2

IDH1 YNLO37C N2630
icd citC BSU29130

IDH1 At4g35260 F23E12.180

IDH3B

Organism
Homa sapiens (Human)

Escherichia coli (strain K12)
Escherichia coli (strain K12)

Saccharomyces cerevisiae (Bakers yeast)
Escherichia coli (strain K12)
Sus scrofa (Pig)

Saccharomyces cerevisiae (Baker's yeast)
Bacillus subtilis

Arabidopsis thaliana (Mouse-ear cress)

Homa sapiens (Humar)

of 326 | Mext »

Length
414

416
434

369
578
421

360
423
367

385

Swissprot-Actin (Results in a Single Page)

1/27/2011
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SwissProt-Databases and Feature

iss Institute of
Bioinformatics

You are here: ExPASy CH » Databases

Proteins
© UniProt Knowledgebase (Swiss-Prot and TrEMBL) - Protein knowledgebase
© Around UniProtKB - links to related databases and portals
© ENZYME - Enzyme nomenclature database
B HAMAP - Portal to microbial UniProtkKB/Swiss-Prot entries

B SwissVar - Portal to human diseases and variant information in UniProtKB/Swiss-Prot

B UniPathway - Metabolic pathways database
B ViralZone - Portal to viral UniProtKB/Swiss-Prot entries
8 HPI- Human Proteomics Initiative
B PPAP - Plant Proteome Annotation Project
B Tox-Prot - Toxin Annotation Project
B PROSITE - Protein families and domains

Search |[ExPASy web site ¥ for

ExPASYy Proteomics Server

Databases Tools Services Mirrors About Contact

neXtProt - January 13, 2011

GENEVA/LAUSANNE, Switzerland - The
first public version of neXtProt, an innovative
knowledge platform dedicated to human
proteins, is now available. This new
resource contains a wealth of high-quality
data on all the human proteins that are
produced by the 20,000 protein-cading
genes found in the human genome. The
content of neXtProt will be continuously
extended so s to provide many more

B Swiss Human Plasma protein dataset - Novartis/Geneprot MicroProt2 dataset from Human Plasma samples | carefully selected data sets and analysis

new

© SWISS-MODEL Repository - Automatically generated protein models
B neXtProt - A knowledge platform dedicated to human proteins

Proteomics gel-based

B SWISS-2DPAGE - Two-dimensional polyacrylamide gel electrophoresis

tools. [Read more]

[more news] [SIB news]

rLatest News B} ————

© World-2DPAGE Repository - A public standards-compliant repository for gel-based proteomics data published in the literature

B MIAPEGeIDB - A public repository for MIAPE Gel electrophoresis documents
B WORLD-2DPAGE List - Links to other proteomics gel-based databases

Others

© GlycoSuiteDB - a curated and annotated glycan database
B GPSDB - Gene/Protein Synonyms Database
B Links to many other molecular biology databases

Swiss 2DPage

Swiss Institute of

Search | SWISS-2DPAGE ¥ tor

ExPASy Proteomics Server

SWISS20PAGE
Vou are here: ExPASy CH » Databases = 5y Home {search engine)

searen by
Search by
sy Laceession number)
[gescription. ID or gene] >
uthor's nar

. entry name (ID). gene name (GN) or UNIProtkB Swiss-Prat keywords (KW)

Erter sonrch keywords: [isoctrate dehydrogenase

™ I:
foot1o! sonsirumoeny || s @ b Oon Ok
Hbevanson metmads
L i e,
Eermmed oy AT
- Maps _

SWISS-2DPAGE contains dat: Broteinten
PAGE maps or display the regi

Linking to SWISS-2DPAGE / C
an
Release 18.6, September 200
Arabidopsis thaliana, Dictyos

01 Exclue ocal DB Execue query] (Reset]

Please anter  keyward This may b
o UnPrOtKE/Swas-Prot keyword (M) For axample, you n

11 you gies mors than one keyword, eve

any word cr parisl woed

eetry derefion (D), the descrgtion (DE), the gene names (GN)
]

e 40051_tuman, of 15t 300, 01 APO of APOAT_HUMS

Tining any keywrd wilbe Tsted. Pisase do NOT use sery boolewn operstors (and, or, etc ) nér

Access to SWISS-2DPAGE

« by descifbtion (any word in the ID, DE, GN and KW lines)

by accession number (AC lines)

by clicking on a spot. select one of our 2-D PAGE or SDS-PAGE
reference maps, click on a spot and then get the corresponding
information from the SWISS-2DPAGE database.

by author (RA lines)

by spot serial number (2D and 1D lines)

by experimental plfMw range

by experimental identification methods

by full text search

retrieve all the protein entries identified on a given reference map

complex queries (SRS like)

compute estimated location on reference maps for a user-entered
sequence

Services
Downloading SWISS-2DPAGE by FTP

Proteomics Core Facility - Getyour 2-D Gels performed according to
Swiss standards

2.D PAGE museum - gels run by trainees during the 2-D PAGE
courses

.

.

.

SWISS-2DPAGE documents
User manual
Release notes (September 26, 2006)
FAQ (Frequently Asked Questions about SWISS-2DPAGE)

Protocols:
Technical information about 2-D PAGE (IPG's, silver staining,
protocols, etc)
o High performance 2-D gel comparison

Figure captions of SWISS-2DPAGE maps available from
publications:

o Human CSF, ELC, HEPG2, HEPG2SP, LIVER, LYMPHOMA,
PLASMA, PLATELET, RBC, U937, CEC, KIDNEY.
Dictyostelium di E coli,
cerevisiae

Software

ImageMaster / Melanie - Software package for 2-D PAGE analysis
Make2D-DB package ver 2.50 - A package preparing the data and
the programs necessary to build a federated 2-DE database on one's
own web site

1/27/2011

17



Swiss 2DPAGE —Isocitrate dehydrogenase

oSS 200aat; oo
‘ - e — S
L
Accouion
el 1) Descrpton ans Norewss  spece
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o
o
cosTis oLoe Mouse

sy
PR pometdoin O s gy
2, MOUSE SynanymazErab, Hadh2) oo o

Mos museubss
o Mowse)

Swiss PDB Model Respository
‘ﬂ‘ Ll @; SWISS-MODEL Repository

Modelling Tools Repository Documentation
[ Repository Query | [ Full Text Query |
Welcome to the SWISS-MODEL Repository
The SWISS-MODEL Repository is a database of i three-di ional I ive protein structure models generated by the fully
automated horology-modelling pipeline SWISS-MODEL.

Example Queries:

[P23208] [GLDA_ECOLI [IPID0743503] [NP_416402] [61:26454606] [ENTREZ54401] [Sequence]

Pos200 - isoci

rate dehdrogenase Accession Number

The current release of the SWISSMODEL-Repository (10.2.2) consists of 3021'185 model entries for
2244854 unigue sequences in the UniProt database.

NOTE: The SWISS-MODEL repository contains theoretically calculated models, which may contain
significant errors.

BIOZENTRUM
T

Swiss Institute of
Bioinformatics

1/27/2011
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SwissModel Reposﬂory

B s { SWISS-MODEL Repository
Modaling Tools  Reposttory  Documentsl | g four location model to explain the
| Repositary Cuery | [ Full Text Query |

SWISS-MODEL Repository - Model Details

Model Overview [+/]

Click on the bars to gat more datails about individual Models or experimental structur
f— e 403 614 ~
Sequence [+/] [Tr—
i 10 1058/
UniPrat e denydrogens: Sarch Reoted Arectes i ¢

{NADP] (DF)
arichia coli (strain K12)
base: Swiss-Prot (Revewed)

p—

Domain [+/]

Model 30 Stiucture [+/]

Basod on structure: 1pb1 [SMTL] [RCSB] [FDBa] [SCOP| [CATH| pr &view 3w
Sequence idenity:  100%
Rosidus range 110416

Uniref—Clustering of Proteins

Cluster: Isocitrate dehydrogenase [NADP] (50%)
Published January 11,2011

Built on seed sequence ATWZET| List component clusters with 100% or 50% identity

R Page 1 Tof 45 | Next »
Filter

125 of 1,137 members from 837 organisrms

Dataset Taxonony

[UniProt (1137) v =

Members

Member Entyname  Status “Protein names Organism Component clusters “Length

] Q9ZN36 IDH_HELPJ g '[;‘;fé‘l';]“e detiydrogenase Helicol pylori J99 (Campylob pylori J99) 3:::23;3%’3%’;:6 425
[] B2zPE3  B2IZPE3_HELPY Isocitrate [NADP] + pylori (Camp pylori) ﬁ:;gzgg%‘gﬁgﬁa 45
O BBJPC2 BBJPC2_HELF2 Isocitrate dehydrogenase [NADP]  Helicobacter pylori (strain P12) ﬁ::g:gg%%%? 45
[0 BIXWTS BIXWTS_HELPY Isocitrate dehydrogenase [NADP] Helicobacter pylori 98-10 g:;:sgg%gazﬁgfﬁra 45
O E10800 E10B00_HELPC Isocitrate dehydrogenase [NADP] Helicobacter pylori (strain Cuz20) ﬁ::;zgg%%}ﬁgg” o5
[0 Q1CVDO Q1CVDO_HELPH Isocitrate dehydrogenase [NADP] Helicobacter pylori (strain HPAG1) niefin ieypa 45

UniRef30_Q9ZN36

1/27/2011
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KEGG (Kyoto Encyclopedia of Genes and Genomes)

http://www.genome.jp/kegg/

| [_Search KEGG Get Entry

KEGG Home
g‘vtgfvdlﬁ‘”" KEGG: Kyoto Encyclopedia of Genes and Genomes
Release notes
Current statistics A grand challenge in the post-genomic era is a complete computer
il representation of the cell, the organism, and the biosphere, which will enable
KEGG Identifiers computational prediction of higher-level complexity of cellular processes and
organism behaviors from genomic and molecular information. Towards this
KGML end we have been developing a bioinformatics resource named KEGG as part
of the research projects of the Kanehisa Laboratories in the Bioinformai
KEGGIARL Center of Kyoto University and the Human Genome Center of the University
KEGG FTP of Tokyo.
KegTools n 3 o
& Main entry point to the KEGG web service
KEGG2 KEGG Table of Contents Update notes Help
Feedback & Data-oriented entry points
SShoToNEE KEGG Atlas Global maps of celljorganism functions
KEGG PATHWAY  Pathway maps and pathway modules
KEGG BRITE Functional hierarchies and ontologies
KEGG ORTHOLOGY KO system and ortholog annatation
KEGG GENES Genomes, genes, and proteins
KEGG LIGAND Chemical compounds, drugs, glycans, and reactions
« Organism-specific entry points
KEGG Organisms ~ Select _Organism ] | (example) hsa
& Subject-specific entry points
KEGG DISEASE  Gene/molecule based disease information resource
KEGG DRUG Chemical structure based drug information resource
KEGG GLYCAN Glycome informatics resource
KEGG COMPOUND  Knowledge base for biochemical compounds
KEGG REACTION  Knowledge base for biochemical reactions
KEGG PLANT Knowledge base for plant natural products
KAAS KEGG automatic annotation server
Copyright 1995-2009 Kanehisa Laboratories
KEGGZ  ATLAS  PATHWAY  BRIE KO GENES  SSOB  LIGAND  DRGET

KEGG Atlas

cially to the systems
< of 3 ghabal metatolsm map with
map viewer.

Atlas

‘Matabolism map (vers

Plant secondary metabolism map
Cancar map

maps are beng developed or planned incluging:

map

The new KEGG metabolism map is creat,
matabolic pathway maps. Each node (circle) emical compoun:
o straight) co 0 two nodes is marwally dsfined

. named NetE and identified by the N number. Each NetElement comespends to one
ch as thi arance pathway view, or ane to zeveral ganes (zuch az this) in

a0 SVG fie by manually combining about 120 ex:
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KEGG Pathway

| ciTRATE cyCLE (Tca cveLE) |

Glyolysis |
Gluconeogenesis

pyruvate
O—

Fatty acid biosynthesis |<t————

\
|
Fatty acid elongation in <+ '
|
}

|

Vel Leug Il degradation | ————,

2-Hydroxy-

ethyl-ThPP,
(oot momsaten) A N====3 o S pyun
Acetyl-Cod S-Acetyldihyiro-
lipoamide-E
Alanine and aspertate | — — — —
Lol 7 O O
| Dihydro- Lipoamide-E
Glyoxylaw and dicarboxylate | — lipoamide-E
metabolism 1
i Citrate Isocitrate
11137 4—;>0<‘7H
(5 Malaw O Igpcitrate dehydrogenase
v
\ Oxalosuceinate Q 1
| [t

Ao e

2-Ox0-
glutarate
O+——

S, Ascorbate and aldalate
TP metbolism

Suceinyl-Coa.

O O (231610
St L6215] $-Succinyl-
|
| O 1814 O
Val , Leud Iie
< Dihydro- Lipoamide-E
lipoamide-E

|
Y S —————
1273 l
L= '~ ———-p{ D-GIn & D-Glu metabolism
00020 1113109
(c) Kanehisa Laborstories

Isocitrate Dehydrogenase in KEGG

K i :
“ Homo sapiens (human): 3417 =

Entry 3417 cos H.sapiens

Gene name [IDH1, IDCD, IDH, IDP, IDEC, PICD

Definition|isocitrate dehydrogenase 1 (NADP+), soluble (EC:1.1.1.42)

orthology (k00031 isocitrate dehydrogenase [EC:1.1.1.42]

Pathway  [hsa00020 Citrate cycle (TCA cycle)

hsal0480 Glutathione metabolism

hsa01100 Metabolic pathways

hsa04146  Peroxisome

Class Metabolism; Carbohydrate Metabolism; Citrate cycle (TCA cycle)
[PATH: hsa00020]

Metabolism; Metabolism of Other Amino Acids; Glutathione wetabolism
[PATH: hsa00480]

Cellular Processes; Transport and Catabolism; Peroxisome

[PATH: hsa04146]

BRITE hierarchy)
SSDB. Ortholog) (Paralog) (_ GFIT.

Motif Pfam: Iso_dh PGAZ DUFS05
PROSITE: IDH_IMDH

Motif
Other DBs [NCBI-GI: 28178825
NCBI-GeneID: 3417
oMIM: 147700
HGNC: 5382
HPRD: 00984
Enserbl: ENSGO0000138413
UniProt: 075874 QEFHQ6
Structure (PDB: 3INM 1TOL 1TOS 3MAP 3MAS 3MAR

Thumbnails.

Position [2433.3

1/27/2011
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Center for Gene Nutrition Interactions in Cancer --UAB

Author: Nick Fidelman, Kam Dahlquist and Manny Ramirez
TEA Cycle Waintained by: Manny Rarirez
Glycolysis E-mail: manny@ramirezname
H L 703
' Right-click here to see Notes
t hondiion 1] Copyright ® 2002, Gladstone Institutes
Pyruvate iz
iagadance
4 (PRGN o 0o’ o017
Pdha2 |osao: Pdk4 o256

[Dlat | 11e7 7]
[Pdnx_]

Degradation of Fatty Acids

Gluconeogenesis Acetyl-CoA
1108 Containing an Even Number of Carbons
Gene Database ’ ; 2
Oxaloacetate Oxaloacetate e Citrate ——— Fatty Acid Synthesis
Expression Dataset
e Hame: TCAGanMapp_HighBass,_Cortrol
o2 7= Cotor Sat Gamrar

Malate Malate [Wp<0.05, upreguiation Isocitrate
=005, upreguiation
Bp<0.05, dovwn-reguiation [T
3505 B>=0.05, dovin-reguiation b
(Mo criteria met 1167
et found My
Fumarate [Fkag]

alpha-Ketogluterate

4108

' T

Succinats 02387 Succinyl-CoA

' { Sucla2 joss7
Election Transport Chain e

Degradation of Fatty Acids
Containing an Odd Number of Carbons

MASCOT—Protein Identification
from Mass Spectroscopy Data
» Peptide Mass Fingerprinting
* Sequence Query

« MS/MS lon Search
(et P e -

Welcome

it i o oA o T SRR e

SHGhts, o UGt GGt unarpRcTed rasult

a w350 for searching with Masoek

_
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MASCOT Search Results

#3654 Mascot Search Results

Peptide View

MS/MS Fragmentation of QAGLSYIR
Found in gil258789, H(+)-ATP synthase epsilon-subunit [rats, liver, Peptide Mitochondrial,

cle(s): 2586 (Experiment 4)

From data

Chicl

Or, [ Piotirom | [100

b

L L,A,Auww 1| B i (O
% 20 P ™ o =

Monoisotopic mass of meutral peptide Mr{calc): 906.49
Tons Score: 47 Expect: 0.043
Matches (Bold Red): 14/54 fragment ions using 23 wost intense pesks

= )l e v e v |5 | [y
51.04| 84.04] 42 5652 Q 8

| 86.56]155.08] 78.04 779.44[390 22(762.41
6|25712 708.40 69138 346,196
37021 35318 651.38(326 19]624 36317 685

538.30
451.27|2
288.20(144.61(271.18
8 | | R |175.12| 88.06(158.09

4021

61(457 24

6 24

MRM-Path

software for studying protein pathways

MRMPath

Prote s Metabolism, Genetic, Environmantal, Cellular

+ Analysis of
Organismal, Hum
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MRMPath ...

[Homo sapiens (human)

CITRATE CYCLE (TCA CYCLE)

Phosphoerol-
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(¢) Kanehisa Laboratories.

Isocitrate dehydrogenase

MRMPath results for isocitrate

dehydrogenase

NOTE: Please click on the 'YES' button if a warning appears when you try to open the excel sheet

hsa:3417 IDH1, IDCD, IDH, IDP, IDPC, PICD; isocitrate dehydrogenase 1 (NADP+), soluble (EC:1.1.1.42); KO0O031
isocitrate dehydrogenase [EC:1.1.1.42] (A)

[BLAST ALL FRAGMENTS

Sequence [m/z Parent Ton [B Ton Mass [ > Parent Tons
801.4921
BLA 57,700 0553818 686.4080]
IWELIK 768.4660 502.3287)

896.5608
1203,6666 2293.1551)
1340.7256 2160.0710)
1427.7576| 2033.0026,
1590.8209) 1935.9499|
1705.8479) 1772.8865)
LIFPYVELDLHSYDLGIENR At i
1989.0376 1431.6915
2118,0801 1316.6645,

2232.1231

4962411 3622

AL 364 50,3197
673.45601 |

387.1516 602,3560)

BLAST | 259 1954/ —358:1887) 531.3189)
DAAEAIK 571,2728 460.2818)

699.3678

657.3731]

[ BLaST |
SPNGTIR
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MRM-Mutation

« Analysis of Protein Mutations

MRMutation is @ methodology that allows the user to select individual proteins and determine whether they have known mutations. This is
determined by examining the EXPaSY.org database. Each of the protein sequence is subjected to trypsin digestion in siico to determine
whether these peptides with mutations are suited to multiple reaction ion monitoring. The input required is the UNIPROT Accession ID. The
output spreadsheet contains the m/z values of the first three 'b' and ' ions (only those with values greater than the doubly charged parent
ion are included), the start and end residues of the peptide with respect to the parent protein and the mutation.

Protein ID

Protein ID (EXPASY): (Example: P04632)

DEPARTMENT OF v
“PHARMACOLOGV AND TOXICOLOGY - Quick Links

nﬁeted
etabolomics &
Eiieomm R M Pat h - software for studying protein pathways

aboratory

Home MRMPath Useful Links

Click here to download the Excel sheet

UAB Web Pages Policy |

Other Mass Spectrometry Analysis

Software

* Phenyx--http://phenyx.vital-it.ch/pwi/login/login.jsp
» Aldente--http://www.genebio.com/aldente/index.html

1/27/2011
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Protein Data Bank-PDB

» http://www.rcsb.org/pdb/home/home.do

+ “A Resource for Studying Biological
Macromolecules

The PDB archive contains information about
experimentally-determined structures of proteins, nucleic
acids, and complex assemblies. As a member of the
wwPDB, the RCSB PDB curates and annotates PDB
data according to agreed upon standards.

The RCSB PDB also provides a variety of tools and
resources. Users can perform simple and advanced
searches based on annotations relating to sequence,
structure and function. These molecules are visualized,
downloaded, and analyzed by users who range from
students to specialized scientists.”

Problems during Protein Identification

* No sequence in database --- nothing to correlate
with

* Problems with entries in database: human errors
In entering information (typographical errors and
curation); sequencing errors; errors during
transcription

* Modifications in large proteins: degradation,
oxidation of methionine, deamidation of N and
Q, remember glycosylations, phosphorylations,
and acetylations ....

hitp://www.unimod.org/ lists the possible
modifications that can occur
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http://www.rcsb.org/pdb/home/home.do
http://www.wwpdb.org/
http://www.unimod.org/

Sources for Protein Identification

EBI, European Bioinformatics Institute, EBI Download site "The EBI is
a centre for research and services in bioinformatics. The Institute
manages databases of biological data including nucleic acid, protein
sequences and macromolecular structures.”

- Expasy "The EXPASYy (Expert Protein Analysis System) proteomics
server of the Swiss Institute of Bioinformatics (SIB) is dedicated to the
analysis of protein sequences and structures as well as 2-D PAGE"
Databases, Tools and Software Packages.

- INFOBIOGEN, DBCAT, The Public Catalog of Databases

- NCBI, The National Center for Biotechnology Information "provides
an integrated

approach to the use of gene and protein sequence

information" Databases and Tools

- PIR Protein Information Resource "An integrated public resource of
protein informatics to support genomic and proteomic research and
scientific discovery." Located at Georgetown University.

- Plant Genome Database (PlantGDB) Resource for Plant
Comparative Genomics

1/27/2011
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http://www.ebi.ac.uk/
http://www.ebi.ac.uk/services/
http://www.ebi.ac.uk/FTP/index.html
http://www.expasy.org/
http://au.expasy.org/proteomics_def.html
http://www.isb-sib.ch/
http://www.infobiogen.fr/services/dbcat/
http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/About/tools/restable_ftp.html
http://www.ncbi.nlm.nih.gov/About/tools/restable_ftp.html
http://pir.georgetown.edu/
http://www.plantgdb.org/

