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Philosophical underpinnings ...

» Bioinformatics is 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

— By bioinformatics-driven, one means developmental aspects, e.g., developing
software to do sequence-similarity searches

* 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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Interoperability & Database
Accessibility

* Interoperability: the ability of systems to
interoperate, that is exchange information in
meaningful ways without having to reproduce
information

+ Integration: accessing and presenting
information that is stored in different resources
— This precludes the need to store the same
information in different resources

* Examples, how information is stored in the NCBI
databases

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 participates in
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.

http://en.wikipedia.org/wiki/File:Citric acid cycle with aconitate 2.svg
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NCBI (National Center for Biotechnology Information)

http://www.ncbi.nIm.nih.gov/
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Welcome to NCBI

The National Center for Biotechnology Information advances science and health by providing access to biomedical

nd genomic information

2 NCB! | Mission | Qrganization | Reseach | RSS Faads

Get Started

+ Togls: Analyze data using NCBI software
» Deunlgads: Get NCBI data or software

+ HowTo's: Leam how to accompish specific tasks at NCBI

* Submussions: Submit data to GenBank or other NCBI databases

NCBI Twitter feed

Keeprupfo-daie on data updates, resource
announcements, andl ofher information about
‘what = gomg on al the NCBL -

Popular Resources
PubMed
Bookshelf
PubMed Central
PubMed Hesith
BLAST
Nucleotide
Genome

sHP

Gene

Protsin

PubChem

NCBI Announcements

Now Available: NCB! Insights Blog!

Coma to the NCBI Discovery Workshops
on February 4851

New version of Genome Workbench
available

01/29/2013



Selected Applications through
NCBI

GenBank—resource for genes
BioSystems

BLAST

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 Nucleotide =

GenBank ¥ = Submit ¥ | Genomes ¥ WGS ¥ HIGs v | EST/GSS ¥ Metagenomes ¥ TPA » TSA v  INSDC ~

Help

GenBank Overview GenBank Resources

What is GenBank?

GanBank is mg NIH genatic sequence database, an annotated collection of all publicly available DNA sequences g\ oo 100

201 D327 ). There are 126,551,501,141 bases in
135,440 924 seq\mnce records in the traditional GenBank dnisions and 191,401,393.188 bases in 62,715,266 Search GenBank
sequence records in the WGS division as of April 2011 Update GenBank Records

The complete (el otes for the current version of GenBank are available on the NCBI fip site A new release is
made every two months. GenBank is pan of the Intemational Nucleotide Sequence Databas

comprises the DNA DataBank of Japan (DDBU), the European Molecular Biology Laboratory (EMEL) and GenBank a
NCBI. These three organizations exchange data on a daily basis

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

Access to GenBank
There are several ways to search and retrieve data fram GenBank

cleqtide , which is divided into three
GSS (Genome

« Search GenBank for sequence identifiers and annotations with Entré:
dwisions: Coretlucleoice (the main collection), hEST (Expressed Sequence Tags), and di
Survey Sequences)

« Search and align GenBank sequences 10 a query sequence using BLAST (Basic Local Alignment Search
Tool). BLAST searches CoreNuclzatide, dbEST, and dbGSS indepandently; see BLAST info for mora
information about the numerous BLAST databases

« Search, link, and download sequences programatically using NCBI e-utilties

GenBank Data Usage

The GenBank database is designed to provide and encourage access within the scientific community to the most up
to date and comprehensive DNA sequence information. Therefore, NCBI places no restrictions on the use or
distribution of the GenBank data. However, some submitters may claim patent, copyright, of other intellectual property
rights in all or a portion of the data they have submitted. NCBI is not in a position to assess the validity of such

claims, and therefore cannot provide comment or unrestricted permission conceming the use, copying, of distribution
of the information contained in GenBank.
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Nucleotide-Genbank’s gene repository
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Protein Sequence in Genbank (isocitrate dehydrogenase)
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BLAST Results

»NCBUBLAST/ blastp sufte/Farmatiing Results - JHTCA4JT016
Edit and Resubmit  Save Search Sirategies

» Fomaiting oglions > Download

it lgb|AAH71828. ydrog
Query ID Idl|46523 Database Name nr
Description gi|47938312|gb|A4H71828.1] Isacitrate 2 ption Al
(NADP+), mitochonerial (Homa sapiens] translations+POB+ SwissProt+PIR+PRF excluding
Molecule type amino acid environmental samples from WGS projacts
Query Length 452

Program BLASTP 2.2.26+ bitation

Other reports: > Search Summary [Taxonomy reports] [Distance tree of results] [Related Structures] [Multiple alianment]

EGraphic Summary

Distrib the Query Seqy

[Mouse-over to show defline and scores, click to show alignments

Color key for alignment scores
! :
1 90 180 270 360 450

Query

Pubmed—repository of biomedical
abstracts

Publﬁ]ed.gm- Search’ Pubhed v Limits Advanced search  Help
e ot isociirate dehydrogenase | Search [T

PubMed

Using PubMed

PubMed Guick Start Guige

More Resources

MegH Database
Ful Tet rcles

EubMed FAQS

PubMed Tutprials

e ang Notwwartny B3

v

Information in 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 Pubmed

Pl.lblmed.quu Search.| PubMed 0 Limits Advanced search Help
8

U.5: National L
National Institutes of Health

isocitrate dehydrogenase ‘m Clear

Display Settings: (+) Abstract Sendto: (v

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

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

Abstract

Cells lacking ataxia telangiectasia mutated (ATM) have impaired mitochondrial function. Furthermore, mammalian cells lacking ATM have increased
Ievels of reactive oxygen species (ROS) as well as mitachondrial DNA (miDNA) deletions in the region enceding for cytochrore ¢ oxidase (COX). We
hypothesized that ATM specifically influences 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=8/aroup). However, there were no ATM-related differences in activity of succinate dehydrogenase, isocitrate
dehydrogenase, alph: , mil ial glycerol det orcomplex|il. of wild-type
extensor digitorum longus museles for 1 b with the ATM inhibitor KU55933 caused a ~50% reduction (P<0.05, n=Sigroup) in COX activity compared
1o 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 B . akey of defense through Of NADPH. Overall, the
findings suggest that ATM has a protectve role for COX activity.

Copyight 4@ 2011. Published by Elsevier Inc.

PMID: 21266166 [Publiied - as supplied by publisher]

Computational Resources from
NCBI's Structure Group

http://www.ncbi.nlm.nih.gov/Structure/index.shtml
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Three-dimensional structure views in Genbank--
STRUCTURE

Results: 1 to 20 of 133 Page 1 of7 | Next> Last>

Isocitrate Dehydrogenase Y 160f Mutant Steady-State Intermediate Complex (Laue
Determination)[Oxidoreductase (Nad(A)-Choh(D)). EC: 1.1.1.42]

Taxonomy: Escherichia coli
Proteins:2 Chemicals:3 modified: 2012/11/01 00:00
MMDBID: 48631 PDE ID: 1IDE

Crystal Structure Of Isocitrate Dehydrogenase Mutant K230m Bound To Isocitrate And
Mn2+[Oxidoreductase. EC: 1.1.1.42

Taxonomy. Escherichia coli

Proteins: 2 Chemicals: 3 modified: 2012/10/19 00.00

MIDB ID: 10849 PDBID: 1CW1

Low Temperature Structure Of Wild-Type Idh Complexed With Ma-
3 Isocitrate[Oxidoreductase. EC. 1.1.1.42
Taxonomy: Escherichia coli
Proteins: 2 Chemicals: 3 modified: 2012/11/13 00:00
MMDBID: 11279 PDBID: 1CW7
ew in C P F

nains  Pub

Regulation Of An Enzyme By Phosphorylation At The Active Site[Oxidoreductase

(Nad(A)-Choh(D)). EC: 1.1.1.42]

Taxonomy: Escherichia coli

Proteins: 2 Chemicals: 2 modified: 2013/01/13 00:00

MMDBID: 58498 PDEB ID:
n PubMe

w in Cn3D

Structure of Actin—Genbank Structure View
< NCBI Structu’{"t;I ggmmary @

Isocitrate Dehydrogenase Y160f Mutant Steady-state Intermediate Lololoufis :
Complex (Laue Determination) PDB Depositl ate: 1995/1/18
Updated in MMDB: 11/2012 v
Gitation; @ Experimental Method: X-Ray Diffraction
Mutagenesis and laue structures of enzyme intermediates: isocitrate Resolutl 25 Am
di Source Organisn chia coll @
VG, Singer P. Sweet RM. Kashland Jr DE. Stoddard BL Similar Structures: [ vist—| @

» Al refere

Link to Plotein Databank

All Biological Unit (1) Asymmetric Unit | @

Biclogical Unit: dimeric; determined by author, and by software (PISA,PQS) @

Inleractions 7 Molecutar Graphic | e o Save 30 Structure 7
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Molecules and interactions @
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(1]




Structure of Domains in Genbank

30 Domaine
Domain Fanilies
Super Families ( Tso_dh superfamily )

protein
34 Danaine 2 N S

Donain Fanilies
Super Families ( Tso_dh superfamily )

Chemical

NADP
2 occurrences

List of domains related to
or associated with
Isocitrate Dehydrogenase

Conserved domain database (CDD) in Genbank

[Sign In] (Register]

All Datsbases PubMed

Search | Conserved Domains  + | for

| Limits | Preview/index | History | Clipboard | Details |

Conserved Domains Database

RCES | SEARCH METHODS  HOW TO| HELF  MEws  FTP| PUBLICATIONS DISCOVER

Hints on Finding a Conserved Domain

This page is used for searching by text term (other sea
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, Previewrindex, and History folder tabs
Boolean operators AND, OR, NOT must be in upper case

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

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

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

ch methods allow gueries by protein sequence)

About the Database

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

The Conserved Domain Database (€DD) brings together several callections 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 L

nurnber 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
(ilustrated example) or superfamilies, identification of proteins with similar domain architectures, and protein classification. The
Canserved Domains and Protein Classification overview page provides more information about the resources available and how
they can be used

01/29/2013
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cirale dehydiogenase

Y - ~
Limts | Previewingex | History. | lipboarg. | Detaits. |

Display | Summary ~| Show|20 = [ Son By w| Sendta v
Links. Related COs, Literature, Sequence, Structure, BloSystems, Cther Links ()

4 | NoBRcurated: 0 | famiies: 22 | imported: 17 | superfamiies: 3

Items 1 - 20 of 24

1 of 2 Next

101891 Related CO3, Lierature, Sequence, Stusiure, Other Links
1

AceK Isocirate detydrogenase kinase/phosphatase (AceK)

This family consists of several bacterial isocitrate dehydrogenase Kinase/phosphatase (Acek)
proteins (EC:2.7.1.116). [186492)
[ ptam06ats

2

Related CDs, Literature, Sequance, Structure, Othar Links

AceK Isocirate dehydrogenase kinase/phosphatase (Acek)

This family consists af several bacterial isocirate dehydrogenase kinase/phosphatase (Acek)
proteins (EC.2.7.1.116). [148118]

[ pramo3sTt
3

Literature, Sequence, Structure, Other Links

IDH: Monomenic Isocitrate dehydragenase
NADP(+)-dependent socitrate dehydrogenase (ICD) is an important enzyme of the
Intermesiary metabolism, a3 it controls the carbon fiux within the citric acid cycle and suppiies the cell with 2-
cxoglutarate EC:1.1.1.42 and NADPH for biosynthetic purposes. [112770]
[ TIGRO2924 Sequence, Structure, Other Links
ICOH_alpha Isacitrate dehydrogenase
‘This family of mainly 2iphaproteabacterial enzymes is a member of the
isocitratefisopropyimalate detydrogenase superfamily described by pfam00160. Every member of the seed of
this model appears 1o have 3 TCA Cycle 1acking only 2 cetermined isocitrate dehydrogenase, The precise
identity of the cofactor (NADH - 1.1.1.41vs. NADPH - 1.1.1.42) s unclear. [163075]
GROD178

Literature, Sequence, Structure, Other Links

monomer_idh: isocitrate dehydrogenase, NADP-dependent, monomeric type

The monomeric type of isacitrate dehydrogenase has been found so far in a small umber of
species, InCuging Azotobacter vinetandi, Ci
wannieli, and Meisseria meningidis. It is NADP-specic. [129282)

[ TiGROD183 Related COg, Sequence, Stiuture, Othar Links

pfam03971: IDH

Monomeric isocitrate dehydrogenase
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o Links B PubMed References @
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Fen, 1773 774782
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ABE-1. J Bactenol 1003 Nov,

pfam03971 is a mamber of the superfamily cl15383.

| Format: Hypertext ¥ Row Displa

: AlSrows % ColorBits: 2068 ¥ Type Selectior

: top listed sequency

01/29/2013

11



Clustering Proteins in terms of Sequence Similarities--Genbank

Search Protein Clusters

Limits | Previewindex |
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isocitrate dehydrogenase Gene name: None

NADP-specific, catalyzes the formation of 2-oxoglutarate from isecirate or oxalosuccinate

D - 2039783 Domain daseription: Monomeric isocitrate dehydrogenase

€OG functional category: Energy production and conversion
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Clustering Proteins in terms of Sequence Similarities--Genbank
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[ Eactsbie acuiphila CLSIZB3090 YP 003f0s0es  PRNDS2Z  Dacet 237 Tadem + EmiemiemimEmEn
ingdigym ‘NAD‘F'I'; i 773 YP 004113410 PRIKOS223 Selin 2134 T42em + m I | Y
sscan sy
e CLSK2S58223 YP 003248709 CLSKSAZNS  Fiwc 0875  742am < | I
g e isocivste dehvdrogensse  PRKOS23S YP 004802930  PRKOSZ23 Elexsi 0887 4+ m I | I
C.Actinobacteria
D\ o isncitrate CLSKT0518 YP 004492293 ASoA ss80  7asms & O
D Arcancbecteriym
a BRKO2813 YP 003807772 CLSKS09%8 Amh 1281 TMam + EEleSsmis ey
—‘E\—V‘::‘;"““' [T — ye 15852 Kee1214 74088 + m I | [
il s lIsecivate dehydrogenase, o
[jiesmsmsmns s ot Gonrs wowm Qsoi 720mn N Y
astucacie isecitrate CLSKS29570 YP 002487280 CLSK2470373 73%s + [ I U
W
-depender CLSKBESET |- =
L‘w@:"fﬁ e 9079 YP 004240448 73308 + m 1 | -
nobeciersp FE24 isociuate CLSkSSSSTS YP Ba0sic CASKFISAS|  Aw 1082 T40m + By
tancium LRSI
8 NADF gepengent, ERKQOSTT YP 003186850 CLSK30O7TSS  Blse 2200  740em + DEInSmEEEEy
beladdip monomesic type:
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ENSEMBL—European version of Genbank—now focused

v | Register |

Search: [Homo sapiens v for [isacilrate dehydrogenase

2.0 hun

n gene BRCA? or rat X:100000.,.200000 or coromary heart disease

Browse a Genome

The Ensembl project produces genome databases for verlebrates and other eukaryotic
species, and makes this information freely available enline,

Glick on a link below to go 1o the species’ home page.

Popular genomes (Log in to customize this lisf

S8 Human
i e

‘ Mouse
HCBIMIT

All genomes

- Select a species - v

igw full list of all Ensernbl spe

Ensembl is a joint project between N
EMBL - EBI and the EMBL-EBI ;|
‘Wellcome Trust Sanger Institute to develop "
software system which pros
eukaryotic genom

ces and maintains autematic annotation on selected

Ensembl receives r g from the Wellcome Trust. Our acknowledgements
page includes 3 list of additional cuent and previous funding bodies.

Enssmbl release 60 - Nov 2010 @ WIS/ EBI

exclusively on genome wide applications

More. 8 - [isocitrate dehydrogenase |4 ]

New to Ensembl?
Did you know you can

€2 Leam how to use Ensembl
with our video tutorials and walk-throughs

€2 Add custom wacks
using our new Control Panel

2, Search for a DNA o1 protein sequence
using BLAST or BLAT

2 Eetch only the data yon want
from our public database, using the Perl API
2 Downlaad eur databases via FTP

in FASTA, MySOL and other formats

ssembl "

port sequences or table

and

s in text, himl, or Excel format

Still got questions? Try our EAQs or glossary

What's New in Release 60 (8 November 2010)

® Now species - Glant Panda (Giant panda)

® New zebrafish assembly (Zebrsfish)
# Now rabbit assembly (R:

bit)
® New Gene Ontology displays (all species)
® New navi

jon options an Region in Detail (3l species)
More news
Latest blog posts

L} Navigation tips
Mf;a from our blog
!

® 201101-13: New Ensembl mirror in Asia

Goto Ensembl blog —

ahout Ensembl | Contat Us | Heln

Sample Ensembl Result—Chromosomal Tocation and other
features for downloading information
Chromosome 15: 90,288,632-90,483,231

Assembly exceptions

Assembly exceptions

chromosome 15 [ T T TR

HSCHR15_1_CTG4

HSCHR15_1_CT68

Region in detail help

Expart Image

1T e AR ————— T

= - =
B9.00 Mb. £0.00 Mb £0.10 Mb

Chromosome bands.
|| contigs
Er

"< RP11-429514.2

'RP11-4208141 > “<RPL3

G070 b G060 Mb

Y RPN -817F231

'RP11-4E3 1 >

P43 he 01 50rf38-AR352 \eTD SEM14> MTLLI3>

Gene: E’

h<RP11-429814.3 N:IR;USP'\ > RP11-493E3.2 > “ACDS11 6
L /P11, 'RPS12P26 >
EnsemblHavaname... | [y,
— [
neNA HRGS > s
.=- — — - - x—
_ oMb O0OMs _ToOM: o [0y oMy | wmM oM w7
E omo sapiens version 65.37 (GRCh37) Chromosome 15: 89 90,885 ¢ =
Gene Legend. [ porotein coding M processed transcript
SRR i merged EnsemblHavana EERNA gene
B pseudogene
Export Image
Location: 15:90288632-30483231 Go
<<+ 0 =|[>1)
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ENSEMBL—Gene Summa

mesoderm posteriar 1 homolog (mause) [Source HGNC Symbol Acc 29658]
Chiomosome 15: 90,291 592.90 294 541 reverse strand
pts & This gene h:

5 2 transcripts

columns

Processed transcript

@ Transcript views which provide information specific to an indridual transcript such as the cDNA and CDS sequences and protein
domain annctation

® Gene views which provide displays for data associsted at the gene level such as othologues, 7

alogues
splice variants

equlatory regions and

gene level view. To ac
want using the men
he menu bar at the top of the page.

the transcript lavel displays select a Transcript D in the 1able above and then navigate to the
1 the et hand side of the page. To fetum 1o viewing gene level information click on the Gens tab in

summary Fielp
Name MESP1 (HGNG Symbol)
Synon BHLHCS, MGCTDETE [Ta view at Ensams genes ket the aam lick base |
ccos This gene is 3 member of the Human CCDS ser: CCOSI0355

Gene type Known protein cading

Pradiction Method  Annotation for this gens includss both sutamat

¢ snnotation f
AMtemnative genes  This gene comesponds 1o the following database identifiers:
Havana gene:  OTTHUMGOOO001 43510 (version 2) [view all ncations]

Ensembl and Havana manusl curation, s

anticle

ENSEMBL—Protein

Transcript: MESP1-001 ENsTo0000300057

Description mesoderm posterior 1 homolog (mouse) [Source: HGNC Symbol;Acc: 29658]
Location Chromgsome 15 1.892-00 294 541 reverse strand
Gene E This transcript is a product of gene ENSGOODO0166823 - This gene has 2 transcripts

Show/hide columns. F

Name Transcript ID | Length (bp) Protein ID Length (aa) Biotype CCDS.
MESP1.001 | EN 57 2369 ENSPOO000300057 268 Protein coding | CCOS10355
MESP1-002 | ENSTO0000558694 451 No protein product Processed transcript -

© Transcript and Gene level displays
Views in Ensembl are separated into gene based views and transcript based views according to which level the information is more

appropriately associated with. This view is a transcript level view. To flip between the two sets of views you can click on the Gene and
Transcript tabs in the menu bar at the top of the page

Protein summary help

=

Pratein

Low, campledty (Seq)

~ ) S s
o ) 20 0 ) )
Nen-synenymous coding = Splice site SNP = Synenymous coding + insert
Export Image
Statistics Ave. residue weight: 108,348 g/mol
Charge: 8.0

Isoelectric point: 9.0165
Malecular weight: 28,501.38 g/mol
Mumber of residues: 268 aa

01/29/2013
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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. UniProtKB/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 Computacéo 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

weLcoME

SITE TouR

Gureg saret [rer—— S——

PROTEIN SPOTLIGHT

et

SWISSPROT
LA R

auery [mProns =

poputation penetics

tomics

How to use this portal?

SIB Bloinformatics Resource Portal

TCoffee

01/29/2013
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SwissProt—search for Proteins

Search in Query

Protein Knowledgebase (UniProtkB) ¥ [isocitrate dehydrogenase

Advanced Search »

-25 of 8,133 results for isocitrate =5 AND dehydrogenase % in UniProtKB sorted by score descending
Browse by taxonomy, keyword, gene onlology, enzyme class or pathway | 3 & Reduce sequence redundancy to 100%, 90% or 50% |

Results

> Show only reviewed (555) ¥ (UniProtkB/Swiss-Prot) or unreviewed (7 578) °F (UniProtkKB/TrEMBL) entries

> Quote terms: “isocitrate dehydrogenase”

> Restrict term “isacitrate” to protein family (5,747), gene ontology (4,102), pratein name (4 818), web resaurce (1)
» Restrict term “dehydrogenase” to protein family (2), gene antology (6 87), protein name (7 752), web resource (1)
> Restrict term "isocitrate” to pathway

> Restrict term “dehydrogenase” to pathway

Accession - Entry name  Status ~ Protein names [55] ~ Gene names Organism
Isocitrate dehydrogenase [NADP]
[ o7s674  IDHC_HUMAN Pl IDH1 PICD Hormo sapisns (Human)
[J PoB200  IDH_ECOLI Isocitrate dehydrogenase [NADP] lcd icdA icdE b1136 JWI122  Escherichia coli (strain K12)
[ POAIGE  ACEA ECOLI Isocitrate Iyase aceA icl b4015 JWATT5 Escherichia coli (strain K12)
Isocitrate dehydrogenase [NAD] subunit2, IDH2 YOR136W 03325 ;
[ P26241  IDH2_YEAST i, YORIIZBW Saccharomyces cerevisiae (Baker's yeast)
Isocitrate dehydrogenass
O P1O71  ACEK ECOL ot ! aceK b4D1E JW3STE Escherichia coli (strain K12)
Isocitrate dehydrogenase [NADP],
O Pu1%8  IDHP_PIG octliulp o tu« 1DH2 Sus scrofa (Pig)
O Pooead  IDHI_YEAST Isocitrate dehydrogenase [NAD] subunit 1, oy vy 037¢ ngoo Saccharomyces cersvisiae (Baker's yeast)
O P31 IDH_BACSU Isocitrate dehydrogenase [NADP] icd citC BSUZ9130 Bacillus subtiis
O] GBLFCD  IDHI_ARATH ';';‘J::;:;“r;’;:'y"'°9”""“ INAD] IDH1 Atdg36260 FZSE12.180  Avabidopsis thaliana (ouse-gar cress)
[ 043837  IDH3B_HUMAN :f:(f‘i""'e dehydiogenase [NAD) subunit 50 Homo sapiens (Human)

Length

a14

418
434

578

a2

423
367

385

EXPASY-Databases and Features

B RandSeq
& rasmL

& scanProsite
&3 selectome
equence Similarity Maps (SSM)

GlycoSuitsDB
& e
2 cpsos

HCDVCID spactra marger

& imagaaster / Matania
& immuncos
s

‘H 1Scan
& sotopident t
1 Coflee
It
&3 Linear Classdication 20! .
agSean
m
ha Systems Bioly aich X
B i
g e g THPred
MiskeZ0.08 I Trivatate T |
£8 Vi DPapousn o ranslate
= panior £
= mara
= marcoL
& Masssearch u
& marEGeDE iPathuay
& ko UniProtkB
& e UniPratiB/Swiss-Prot
“ MLTreeMap : S
A& MOSAIC Software Repasitory v
=y Vertex Cover
2

VitalT

Myt
&3 Myristoylater
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Swiss 2D-PAGE

SWISS-2DPAGE

Search by

accession number]
description, ID or gene] &=
‘author names]

'spot ID / serial number]
[identification methods]

pl / Mw range]

‘combined fields]

Maps

[experimental info]
[protein list]
[graphical interface]

Select Remote Interfaces
[All Interfaces] O
World 20PAGEPortal [
World-2DPAGE Repository [

SWISS-2DPAGE
Search by description (DE), entry name (ID), gene name (GN) or UniProtKB/Swiss-Prot keywords (KW)

Enter search keywords: ocitrate dehydrogenase
Limitto: @ Allfields ODE OI0 OGN OKkw
Include external UniProtk8 data in search

Sort by: @ Accession number O Protein ID O Gene name

Please enter a keyword. This may be any word or partial word appearing in the entry identifier (ID), the description (DE), the gene names
(GN) or a UniProtiKB/Swiss-Prot keyword (KW). For example, you may type apoat_human, or just apo, or APO or APOAT_HUMAN.

If you give maore than one keyword, entries having any keyword will be listed. Please do NOT use any boolean operators (and, or, etc.), nor
quotes ().

-

SWISS-2DPAGE

Database constructed and maintained by S18, using the Make2D-DB Ii package (ver. 3.10.2) from the World-2DPAGE Consteliation of the ExPASy web server

Swiss 2DPAGE —lIsocitrate dehydrogenase

SWISS2PAGE: C0ma

l [P ————

S —
[ —

Query Result;  marchs

Aacession
e L)

Deseription

OSP4 DLDM MOUSE

Drydnipoamide
ahydrogenase)

ShydonyocykCoA
seydrogenase typs2
EC111.35)
datydogensas typa 1)
0O HODR_MOUSE oy

i
oy 2 mathyloutyr-
CaA dabydroganass) (EC
1.1.1,178) (Endoplasric
et
amyiod betmpagtsin
Bindng ptein)

casBa

LD ousE

owzis

Ganes Keywonls  Species
Acetylaton

FaD,
Flavopiuiee;

ihame=oig) Mitgchaniion, M3 musEUbis
HAD, i) prsm— s (Moww) TaxD) 10050]

e, Cranats, Vosebecs s Ecthr,

ntoradctate; &
s Bstartn, Seoianate, Mortes. Wondss, Yoy

Redos.actie Tassesmy

1] WAPPING oM GEL
PutMsd=1IGERI, [NCES, ExPASY, EB, hssl, apin]
Cinappa D Canvrsel V. Hoogland € Bnz P-A. Passans S  AopelLD. Wang S . Secodt M. Nl &

Hechatrasar DF

ateat o e

Sp—

Frasmes 113 53000
Vo oo PAGE mepe o arttd posio (01t vers e ot e
Moase)

Mo el a prcton

[NaemosbidiTbI0,
Synanyme=Enab, Hadh2|

ISLETS_ MOUSE

AP LOCATIONS:
. SPOTIDONIGHS peGE8 WelETB [deethcntin fs]

MAPPING flestiicasini:
Pugtide mass tngupuctg 1]

Mus enuseus
Deosre)

ek 2o Herd s e o e o hi

REPRODUCTION 20PAGE 0743, DLDH_MOUSE
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Swiss PDB Model Respository
ﬂ‘ widdorrmm (7 SWISS-MODEL Repository

Modelling Tools Repository Documentation
[ Repository Query | [ Full Text Query |
Welcome to the SWISS-MODEL Repository
The SWISS-MODEL Repository is a of thi parative protein models g by the fully
automated homology-modelling pipeline SWISS-MODEL

Example Queries:
[P23298] (GLDA_ECOLI) [IPI00743503] [NP_416402) [G1:26459008] [ENTREZS54401] [Sequence]

POS200 -- isocitrate dehdrogenase Accession Number

The current release of the SWISSMODEL-Repository (10.2.2) consists of 3021185 model entries for
2244854 unigue in the UniProt datat

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

BIOZENTRUM é
[ Usiveruitit Based

Swiss Institute of
Bioinformatics

SwissModel Repository ...

@! SWISS-MODEL Repository

Modslling Tools  Repostory  Documents)

d sizinTagu
e

| Reposiory Query | | Full Text Query |

e ) Y T T Y T S T

A four location model to axplain the
stereaspecificity of proteins. 1PB1

DO 10,27 10/pd 100 1/

SWISS-MODEL Repository - Model Details

Model Overvew [+/]
Click on the bars to get mare delails aboul indradual M

& ewe model o peatein tereasheclicy.
els ar experimental structure:

Sequence [+/]

UniProt POBZ00 Isocitrate dehydrogenase [NADP] (DF)
Escherichia coli (strain K12)
Database: Swiss-Prot Revigwad)

bl [ Read Mare & Search PubMed Abstracts |
Domain [+

arDescrtion ide
Cletiestian - Caidpredids
Model 3D Stcture [+/]
Basad on siructure: iph1 [SMTL| [RCSB] [PDBe| [SCOP| |CATH| o amaiies
“e, Sequence ideniity:  100%

More tnages

Chains: A 1 Par Vi +
@y Residus range 110 416 e 11.142°@
Other Detals: wickyoo Bsioges assemely assnes by st
o
e

[ —

Aamotatioms  Wide
Folymer: 1

Sclestiic  Escherichla  fh Taxoawmy (9 Expression  Excherichis o
Narme: con Sydem: | coll

[ o

1 Detalts

Authars:  Mesecar, &.D.
e L

Oepasitinn:

2 Ligand Chemical Component [Z0 | nee

Hientitier Formala  Neme. Tateradtions Lact wodtiod
(REVDAT):

widn
Koshiand
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Uniref—Clustering of Proteins

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

Built on seed sequence AIWZET]| List component clusters with 100% or 90% identity

Filter
1-25 of 1,137 members from 837 organisms
Dataset Taxonomy
UniProt (1137) v
Members
Member Enuy name Status ~Protein names Organism Component clusters ~Length
Isocitrate dehydrogenase " N N UniRef100_09ZN36
[] 09ZN36 IDH_HELPJ * [NADP) pylori 499 (Campylobacter pylori J99) UniRafi0_DAZNE 125
> i UniRef100_B2ZP83
[ B2zPe3  B2IPB3_HELPY ¢ lIsocitrate dehy [NADP] H pylori (Campy pylori) UniRef0_ G836 425
[J BBJPCZ BBJPCZHELP2 & lsocitrate dehydrogenase [NADP]  Helicobacter pylori (strain P12) E:;Q:gﬁ';’;;’ 25
[0 B9%WT5 BIXWTS_HELPY Isocitrate dehydrogenase [NADP] Helicobacter pylori 96-10 E:ts:gg?@%gmxg‘ 425
[J E10800 E1G800_HELPC Isocitrate dehydrogenase [NADP]  Helicobacter pylori {strain Cuz20) E:;g:&?%‘g;ﬁgn 425
O GICVDO Q1CVOO_HELPH Isocitrate dehydrogenase [NADP]  Helicobacter pylori {strain HPAG1) UniRefl00_1 VDO 425

UniRe0_Q9ZN36

KEGG (Kyoto Encyclopedia of Genes and Genomes)

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

Search KEGG | |_Get Entry

KEGG Home
ooy KEGG: Kyoto Encyclopedia of Genes and Genomes
Release notes
Current statistics A grand challenge in the post-genomic era is a complete computer
representation of the cell, the organism, and the biosphere, which will enable
o

KEGG Identifiers computational prediction of higl ity of cellular 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 Bioinformatics
KEGG APT Center of Kyoto University and the Human Genome Center of the University
KEGG FTP of Tokyo.
KegTools
& Main entry point to the KEGG web service
KEGG2 KEGG Table of Contents Update notes Help
Feedback & Data-oriented entry points
GenomeNet KEGG Atlas Global maps of cellforganism functions
KEGG PATHWAY  Pathway maps and pathway modules
KEGG BRITE Functional hierarchies and ontologies
KEGG ORTHOLOGY KO system and ortholog annotation
KEGG GENES Genomes, genes, and proteins
KEGG LIGAND Chemical compaunds, drugs, glycans, and reactions

& Organism-specific entry points
KEGG Organisms  Select [_Organism |

& Subject-specific entry points

(example) hsa

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 1395-2009 Kanehisa Laboratories
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Kegg Atlas

KEGGZ  ATLAS PATHWAY BRITE KO GENES  8SDB  LIGAND  DBGET

KEGG Atlas

KEGG tlas is a new graphical interface to the KEGG sute of databases, especially 1o the systems
information i the PATHWAY and BRITE databases. It currently consists of 3 giobal metabolism map with
g

he traditienal KEGG map viewor.
atabolism map (vers to bs phased out)

il iopad viowe

Plant socondary metabolism mop
Gancer map
Other giobal maps are heing developed or planned including;
cell map
Body map
Brain map

The new KEGG metabolism map is created as an SVG fle by manualy combining about 120 existing
metabolic pathway maps. Each node (circle) i 3 chemical compound identified by the € rumber. Each
fine (curved or straight) connacting two

existing maps, named NetElement, and identified by the N Aumber. Each NetElement comesponds to one [l

10 saveral KO's (such as this} in tha reforence pathway view, or one 10 several genes (such as this) in
an organism-specific view.

KEGG Pathway

| citraTE cyCLE (TcacycLE) |

arry ocid biosynthesis <= —— \

|

Fatty scid elongation in mitschondria q-————-|
Val, Leu & lie degradation f ———=, |

II

1
[}
Famy scid mewdolism ) — — — A\ q====
AcetyhCoh
Alsnine and aspartte o or-n
q_ 3

Glyoxylaw and
mbt:bcﬁm

|

st
-

(SyMalaw O bcitrate dehydrogenase

I
—W? Fumarse

13991 1351

(: [6z14) S\x:u{\)ﬂ-cm
Sccina - | 58

1 ThP e — — — | Ascorbai and eldelaw
os—{1a1}»0 I e
BrormE Il— ——o{ Glutamat mewbolism
L

= — — — >{ D-Gln & D-Glu mewbolism

00020 1113109
() Kanehiss Laborstones

01/29/2013

20



Isocitrate Dehydrogenase in KEGG

Homo sapiens (human): 3417
Help )

Moo

3417 cps H.sapiens

IDH1, IDCD, IDH, IDP, IDPC, PICD

Gene name

trate dehy 1 (HADP+), soluble (EC:1.1.1.42)

orthology

KDO031 isocitrate dehydrogenase [EC:1.1.1.42]

Pativay

h=a00020 cCitrate cycle (TCA eycle)
hsa00480 Glutathions metabolism
hsa01100 Metabolic pathuays
hea04146 Peroxisome

Class

Metabolism; Carbohydrate Metabolisw; Citrate cycle (TCA cycle)
[PATH: h=a00020]

Metabolism; Metabolism of Other Amino Acids; Glutathione metabolism
(PATH: hsa00430]

Cellular Processes; Transport and Catabolism; Peroxisome

[PATH: haa4146]

BRITE hierarchy)

Ortholog) (Paralog) (_GFIT

otif

Pfam: Iso_dh PGAZ DUFS0S
PROSITE: IDH IMDH

Motif

0ther DBs

NCBI-GI: 28178825
NCBI-GeneID: 3417
omm: 147700

HPRD: 00984
Ensembl: ENSGO0000138413
UniProt: 075874 Q6FHQS

structure

PDD: 3INM 1T0L 1TO9 3MAP 3MAS 3MAR

Thumbnails

Position

2q33.3

MASCOT—Protein ldentification
from Mass Spectrosco

» Peptide Mass Fingerprinting
« Sequence Query
« MS/MS lon Search

™ ke

Wehis s i
ar Ectragiher

s i ass
= Setems anahysis and Itegs o

e your foacksack and supgestions for naw featuees. I youfixd any prcblems, erors, overs

uses mass deatty protens from panary To assist you, the helo teatfor
) BRI GG BY M.

enga
ari 3 knowiedioe base Goncor

e for browser comatisity and read the sme
(1995) (abs

1 vou inchude vesuts from Mascot in o pubbcation. leise ot Gthar ww atrcicance com

. s get urwepected resuls then chease let s know,

2 and Suoport pages. For . h

aramery it Do aspecs.f mass spactrometry i the i

etry and bertormanes

Collaborations

B

Massot insarporatas code from siowsa, davaloped b 1314 0314 Parkans whan working 3¢ the former mpe:

suissprot

y Data
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MRM-Path

s, = 3
PAARMAL 10T Ao TomcotoaY !

oftware for studying protoin pathways

MRMPath - software for studying protein pathways

oARTMENT OF o 2
MRMPath offers tuwo ways to identify the peptides LB SRS o romiconony Les

Home MEMPoth  Usoful Unks

MRMPath

ts from Pathways: Metabolism, Genetic, Environmental, Cellular,

ass Fragms

+ Analysis of Protei
Grganismal, Human

78 3450Eiated with & Saasss precess 8
th toypin ta o ot o

Analysis of Protein Mass Fragn

© trypsin ©

Ouys-c Ochymotrypsin Ocare

+ Analysis of Protein Mass Fragments

. Tha caiy it
0 Ty ors are gresented (on

Protein ID

Protein Sequence

®rypun Owgec Oysec €

[

CIRFSSQAFYRASEVS

MRMPath ...

Hormo sapiens (human) v

CITRATE CYCLE (TCA CYCLE)

Fatty scid biosynthests J-————~,

‘Alonie, sspartee ool Y ——
plumak retabolsm

Glyoeyiat ad demboxyk
L) 2

() Malaie ©

Isocitrate dehydrogenase

foS—

A el proline
ok |

|
Vol Lenlle)
degraspon -

‘Alanine, osputstr and
Elinine remoIe

t{ D-Gln & D-Gln metebolism
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MRMPath results for isocitrate
dehydrogenase

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

hsa:3417 IDH1, 1DCD, IDH, IDP, IDPC, PICD; isocitrate dehydrogenase 1 (NADP+), soluble (EC: 1.1.1.42); K0O0031
isocitrate dehydrogenase [EC:1.1.1.42] (A)

Sequence [m/z Parent Tan|[8 Ton Mass|[Y > Parent lons)|
542,279 801.4921
655.3819 688.4080]
WELIK #7792 760 4600
1203.6666] 2292.1551)
1340.7258] 2180.0710
1427.7576) 2033.0026)
1590.8205] 1935.5495)
1705,6479) 1772.8865
1203.6235_1818.9320 16738181
LIFPYVELDLHSYDLGIENR, Ciorsosas|  1sseriss|
1989.0375| 1431.6915_
2116.0801 1316.6645]
2232, 1231
2388.2241 |
876.4474
645.2480 805.4103
496.2411 [ 744.3164) 7043628
DATNDQVTK s [ o7
[s73:4591 :
387.1516 602.3560
458.1867) 531.3189
359.
571.2720] 460.2918)
6993678
457,207 6573731
2727065 5702887 560.3204|
[ 726.3898) +96.2774)
| 389.2560) fene

MRM-Mutation

+ Analysis of Protein Mutations

MRMutation is a 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 'y* ions (only those with values greater than the doubly charged parent
ion are included), the start and end residues of the peptide with respect 10 the parent protein and the mutation

Protein ID
Protein 10 (EXPASY)

(Example: PO4§32)
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Click here to download the Excel sheet
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Mass Spectrometry Tools—
EXPASY

http://www.expasy.org/resources/search/keywords:mass%20spectrometry

I FindPept (S8 Swiss-Prot group] (]

mass spactrometry 10

& HCDICID spectra merger [SIE
Cate prob © Mass sy

[download] )

& Isotopldent (SiB: Swiss-Prot group] (]
Categor e mass s 2

Interesting Papers—Mass Spectrometry
and Bioinformatics

« http://masspec.scripps.edu/publications/public_pdf/72 art.pdf

« http://www.sciencedirect.com/science/article/pii/S001457930900220
8

« http://www.ingentaconnect.com/content/ben/cbio/2012/00000007/00
000001/art00010
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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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