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A simple interaction record
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A simple interaction record
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1. Short label 5. Short label

2. Type of molecule 6. Type of molecule
3. Database identifier 7. Database identifier
4. Origin 8. Origin

O. Publication reference



Experimental methods — Yeast Two Hybrid

http://en.wikipedia.org/wiki/Yeast_two-hybrid



Experimental methods
Two Hybrid family

Advantages

* an "in vivo” binding assay
« easy to automate
« detects binary interactions



Experimental methods
Two Hybrid Family

Limitations

 false positives due to
 sticky or activating bait or prey
* Qverexpression
* mis-localization (contextual specificity)
 Intermediary proteins

 false negatives due to
 disruption of interaction by fusion construct
« absence of intermediary proteins
« absence of native taxon context



Experimental methods
Affinity purification @

 Interacting proteins are purified by me
of an affinity tag on a "bait” protein

« proteins are detected via MS

« readout of this experiment type is a list
of proteins that somehow interact with
the bait protein

« note this is fundamentally different than
readout of the Y2H family of experiments
(more later)

Suter 2008, Biotechniques



Experimental methods
Affinity purification family

Limitations

 false positives due to
 sticky bait or prey
* mis-identification during MS
* non-native binding environment

 false negatives due to
* mis-identification during MS
* non-native binding environment



Experimental methods
Affinity purification family

Advantages
detection of protein complexes but no topology or stoichiometric

data )
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This observation has multiple interpretations:
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A simple interaction record
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1. Short label 5. Short label

2. Type of molecule 6. Type of molecule
3. Database identifier 7. Database identifier
4. Origin 8. Origin

O. Publication reference



Representation of interaction data
binary data versus associative data

Suter 2008, Biotechniques



Representation of interaction data
binary data versus associative data
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Representation of interaction data

misrepresentations of associative data

associative data

spoke model

binary data

matrix model




A simple interaction record
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For each interactor
1. Short label

2. Type of molecule
3. Database identifier
4. Origin

For the interaction
5. Publication reference (method)



More about methods and interaction types
that they support
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Interaction databases

BIND Inactive
BioGRID IMEX (Observer)
CORUM complexes

DIP IMEX (Archival)

HPRD human resource

IntAct IMEX (Archival)

MATRIX extracellular matrix

MINT IMEX (Topical)

MPACT IMEX (Topical) yeast

MPIDB IMEX (Observer) prokaryotic
MPPI mammlian

OPHID/12D predicted
Many others

See http://www.pathguide.orqg/ for URLS



http://www.pathguide.org/

Interaction databases

IMEX
International Molecular Exchange Consortium

IMEX partners exchange data and share curation
tasks.

Set standards

They also accept interaction data submissions
pre and post publication.

Data consolidation and exchange is an active
area of research.

See http://www.imexconsortium.org/
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Interaction databases: IntAct
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For your information

Common ldentifiers

Gene

Ensembl ENSG00000139618
Entrez Gene 675
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RNA transcript
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WELCOME

The mission of UniProt is to provide the scientific community with a
comprehensive, high-quality and freely accessible resource of protein

sequence and functional information.

What we provide

Protein knowledgebase, consists of two sections:

T Swiss-Prot, which is manually annotated and

" TrEMBL, which is automatically annotated and is

UniProtKB
reviewed.
not reviewed.
UniRef
searches.
UniParc
and their idenfifiers.
Supporting data

Sequence clusters, used to speed up similarity

Sequence archive, used to keep track of sequences

Literature citations, taxonomy, keywards and mare.

UniProt release 15.7 — Sep 1, 2009
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UniProt ID Mapping Service
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Datal identifi ing ti
YILO62C UniProtkB AC/ID v atabase identifier mapping tips

T To map identifiers to or from UniProtkB
[}

« enter identifiers, e.g.: 1TTA 1FNS
Entrez Gene (GenelD) » select a source database, e.g.: FOB

« or select a target database, e.g.: UniProtkB
o

More...

Search Blast Align Retrieve ID Mapping =
WELCOME NEWS 3]
The mission of UniPrat is to provide the scientific community with a UniProt release 15.7 - Sep 1, 2009

; i i ; ; Formyl peptide receptors: the
comprehensive, h|glh4quall|ty and freely accessible resource of protein missing link between offaction and
sequence and functional information. immune system - Cross-references
ta STRING

What we provide » Statistics for UniProtkB: | &

Swiss-Prot - TIEMBL
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» Mews archives
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Ensembl BioMart

http://www.biomart.org/biomart

@ BioMart - MartView - Mozilla Firefox
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Please restrict your query using criteria below

Dataset
Features 2 Genome Features
|dentifiers MGI D - )
[None selected]
Attributes
Feature Symbol
Feature Name R
GOID Browse_
GO Term
Feature Name
Dataset Feature Type Gene -
DMNA Segment =
[None Selected] Cytogenetic Marker
QTL il

= Done




ID Mapping Challenges

Avoid errors: map IDs correctly

Gene name ambiguity — not a good 1D
—e.g. FLJ92943, LFS1, TRP53, p53
— Better to use the standard gene symbol: TP53

Excel error-introduction
— OCT4 is changed to October-4

Problems reaching 100% coverage
— E.g. due to version issues
— Use multiple sources to increase coverage

Zeeberg BR et al. Mistaken identifiers: gene
name errors can be introduced inadvertently
when using Excel in bioinformatics BMC
Bioinformatics. 2004 Jun 23;5:80



ID Mapping Challenges

« Spot-test any ID mapping service you use.

* Check samples from first, last and middle of
your list of identifiers to be converted.

* Ask for help if you are uncertain.



Identifiers: Why can’t | find my protein

Are you using a sequence record identifier?
Is the identifier retired?
Are you using the identifier for the correct organism?

Have you tried searching for identifiers for all products
of the gene?

Try different identifier systems (Entrez Gene, UniProt)

Remember that only 10% to 50% of all proteins have
Interaction information.

You always have recourse to text-mining and predicted
Interactions.



Overview

. A simple interction record
Experimental methods
Representation of interactions
Interaction databases
Identifiers

. Text mining sources

Predicted interaction sources
. Consolidated databases

. Visualization tools
10.Applications
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Text mining resources

Most are based on co-ocurrence of gene name mentions.

Start at http://zope.bioinfo.cnio.es/bionlp tools

IHOP http://www.ihop-net.org/UniPub/iHOP/
EBIMed http://www.ebi.ac.uk/Rebholz-srv/ebimed/index.jsp
FACTA http://text0.mib.man.ac.uk/software/facta/

PubGene http://www.pubgene.orqg/
InfoPubMed https://www-tsuijii.is.s.u-tokvo.ac.ip/info-pubmed/
Chillibot http://www.chilibot.net/

MedEvi http://www.ebi.ac.uk/tc-test/textmining/medevi/
FABLE http://fable.chop.edu/overview.jsp
BCMS http://bcms.bioinfo.cnio.es/

BioText http://biosearch.berkeley.edu/



http://zope.bioinfo.cnio.es/bionlp_tools
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http://www.ebi.ac.uk/Rebholz-srv/ebimed/index.jsp
http://www.ebi.ac.uk/Rebholz-srv/ebimed/index.jsp
http://text0.mib.man.ac.uk/software/facta/
http://www.pubgene.org/
https://www-tsujii.is.s.u-tokyo.ac.jp/info-pubmed/
https://www-tsujii.is.s.u-tokyo.ac.jp/info-pubmed/
https://www-tsujii.is.s.u-tokyo.ac.jp/info-pubmed/
https://www-tsujii.is.s.u-tokyo.ac.jp/info-pubmed/
https://www-tsujii.is.s.u-tokyo.ac.jp/info-pubmed/
https://www-tsujii.is.s.u-tokyo.ac.jp/info-pubmed/
https://www-tsujii.is.s.u-tokyo.ac.jp/info-pubmed/
http://www.chilibot.net/
http://www.ebi.ac.uk/tc-test/textmining/medevi/
http://www.ebi.ac.uk/tc-test/textmining/medevi/
http://www.ebi.ac.uk/tc-test/textmining/medevi/
http://fable.chop.edu/overview.jsp
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Text mining resources: IHOP
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Text mining resources: PubGene

) Network based on co-occurrence in article for the "RAD51” Gene and Proteins in Homo sapiens - Mozilla Firefox
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Identifiers
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Predicted Iinteraction resources

STRING http://string.embl.de/
OPHID/I12D nttp:/lophid.utoronto.ca/ophidv?.201/

FunCoup  http://FunCoup.shc.su.se



http://string.embl.de/
http://ophid.utoronto.ca/ophidv2.201/
http://funcoup.sbc.su.se/

Finding Interaction information

The take home message:

There is no single place to collect interaction information.
Users are placed in a ”go-fish” position and are responsible
for distinguishing and sorting through multilple

data sources.

There are a few reources that are focusing on providing an
Integrated data resource...



Overview

. A simple interction record
Experimental methods
Representation of interactions
Interaction databases
Identifiers

. Text mining sources
Predicted interaction sources

. Consolidated databases
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. Visualization tools
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Consolidated databases

APID2NET http://bioinfow.dep.usal.es/apid/apid2net.html
Pathway Commons http://www.pathwaycommons.org/pc/

MiMI http://mimi.ncibi.org/MimiWeb/main-page.jsp
IReflndex http://irefindex.uio.no/wiki/iReflndex



http://bioinfow.dep.usal.es/apid/apid2net.html
http://www.pathwaycommons.org/pc/
http://mimi.ncibi.org/MimiWeb/main-page.jsp
http://mimi.ncibi.org/MimiWeb/main-page.jsp
http://mimi.ncibi.org/MimiWeb/main-page.jsp
http://irefindex.uio.no/wiki/iRefIndex

IRefIndex: Integration and feedback

BIND BioGRID - Ei OPHID

\\//

IReflIndex

\/




The problem

TNFR1

An Interaction.

TRADD




The problem

TNFR1

An interaction described in a database.

BIND

TRADD




The problem

TNFR1

BIND

TRADD

TNFR1

IntAct

TRADD

An interaction described in two databases.




The problem

RefSeq Gl: 4507575 {¢————— BIND: 12825 ——— RefSeq GI: 13378137

UniProtKB:Q15628 <+— IntAct: EBI-517998 ——> UniProtKB: P19438

Different protein accessions are used to describe the same thing.



The solution

MTMDKSELVQ
KAKLAEQAER
YDDMAAAMKA
VTEQGHELSN
EERNLLSVAYK
NVVGARRSSW

RefSeq Gl: 4507575 {¢——— BIND: 12825 ———| RefSeq Gl: 13378137

UniProtKB:Q15628 <+— IntAct: EBI-517998 ——> UniProtKB: P19438

MTMDKSELVQ
KAKLAEQAER
YDDMAAAMKA
VTEQGHELSN
EERNLLSVAYK
NVVGARRSSW




The solution

MTMDKSELVQ
KAKLAEQAER

SHA-1 digest

EERNLLSVAYK
NVVGARRSSW

RefSeq Gl: 4507575 {¢———— BIND: 12825 ——p

RefSeq Gl: 13378137

UniProtKB:Q15628 <+— IntAct: EBI-517998 ——> UniProtKB: P19438

MTMDKSELVQ
KAKLAEQAER
YDDMAAAMKA
VTEQGHELSN
EERNLLSVAYK
NVVGARRSSW



The solution

MTMDKSELVQ
KAKLAEQAER

waTMnnOuXSbf7bracJUScX9ckEc

EERNLLSVAYK
NVVGARRSSW

RefSeq Gl: 4507575 {¢———— BIND: 12825 ——p

RefSeq Gl: 13378137

UniProtKB:Q15628 <+— IntAct: EBI-517998 ——> UniProtKB: P19438

MTMDKSELVQ
KAKLAEQAER
YDDMAAAMKA
VTEQGHELSN

EERNLLSVAYK
NVVGARRSSW



The solution

MTMDKSELVQ
KAKLAEQAER

waTMnnOuXSbf7bracJUScX9ckEc

EERNLLSVAYK
NVVGARRSSW

RefSeq Gl: 4507575 {¢———— BIND: 12825 ——p

RefSeq Gl: 13378137

UniProtKB:Q15628 <+— IntAct: EBI-517998 ——> UniProtKB: P19438

MTMDKSELVQ
KAKLAEQAER

MONDNIAAANIZA

SHA-1 digest

LLI\NINLLOVATI\

NVVGARRSSW



The solution

MTMDKSELVQ
KAKLAEQAER

waTMnnOuXSbf7bracJUScX9ckEc

EERNLLSVAYK
NVVGARRSSW

RefSeq Gl: 4507575 {¢———— BIND: 12825 ——p

RefSeq Gl: 13378137

UniProtkKB:Q15628 e=——

IntAct: EBI-517998

MTMDKSELVQ
KAKLAEQAER

MONDNIAAANIZA

waTMnnOuXSbf7bracJUScX9ckEc

LLI\NINLLOVATI\

NVVGARRSSW

UniProtKB: P19438




The solution

/ BIND: 12825 ———>,

waTMnnOuXSbf7bracJUScX9ckEc

RefSeq Gl: 13378137

'\

IntAct: EBI-517998

UniProtKB: P19438




The solution

/ BIND: 12825 —\

waTMnnOuXSbf7bracJUScX9ckEc

waTMnnOuXSbf7bracJUScX9ckEc

'\

IntAct: EBI-517998 —/




The solution

/ BIND: 12825 —\

waTMnnOuXSbf7bracJUScX9ckEc

waTMnnOuXSbf7bracJUScX9ckEc

'\

IntAct: EBI-517998 —/

RefSeq Gl: 4507575

UniProtkKB:Q15628

RefSeq Gl: 13378137

UniProtKB: P19438




The solution

/ BIND: 12825 —\

waTMnnOuXSbf7bracJUScX9ckEc

waTMnnOuXSbf7bracJUScX9ckEc

'\

IntAct: EBI-517998 —/

So the solution is based on exact sequence matches between interaction records



The solution
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Hash keys allow
consolidated of interaction data

Protein A reference [« Interaction record l—p{ Protein B reference




Results: RIG redundancy between
source databases.
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Results: RIG redundancy between
source databases.
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A reference index for protein interaction data [edi]
iReflndex provides an index of protein interactions available in a number of primary interaction databases including BIND &, BioGRID &, CORUM &, DIF &, HPFRD &, IntAct &7,
FAINT &, MPact &7, WMPPIE and OPHID &, This index allows the user to search for a protein and retrieve a non-redundant list of interactors for that protein.

iReflndex uses the Sequence Glabal Unigue ldentifier (zEGUID E) to group proteins and interactions into redundant groups. This method allows users to integrate their own data with
the iReflndex in a way that ensures proteins with the exact same sequence will be represented only once.

The iReflndex paper has been published and is available here g7, w

Daone



Finding Interaction information

The take home message:

There is no single place to collect interaction information.
Users are placed in a ”go-fish” position and are responsible
for distinguishing and sorting through multilple

data sources.

There are a few reources that are focusing on providing an
Integrated data resource...



Overview

. A simple interction record
Experimental methods
Representation of interactions
Interaction databases
ldentifiers

. Text mining sources
Predicted interaction sources
. Consolidated databases

©lo N 0T A wN R

. Visualization tools

10.Applications



Visualization Tools

Cytoscape http://www.cytoscape.org/
VisAnt http://visant.bu.edu/

There are over 30 visualization tools listed in a recent review

Suderman M, Hallett M: Tools for visually exploring biological networks.
Bioinformatics 2007, 23(20):2651-2659.

Cytoscape will be covered in a following talk.


http://www.cytoscape.org/
http://visant.bu.edu/

Conclusions

Interaction data is an important bioinformatics data source.

Interaction detection techniques have evolved past the
simple Y2H and coimmpunoprecipitation methods.

Finding data is still a non-trivial task.

There is no de facto source of data and users are faced with
doing their own collection and curation.

Data integration and accessibility is an ongoing area
of research.





















Experimental methods — Yeast Two Hybrid
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D. Two fusion proteins with interacting Bait and Prey

http://en.wikipedia.org/wiki/Yeast_two-hybrid



Experimental methods —reverse Two Hybrid

« screens for small molecules that can disrupt an interaction
e USes a counter-selective strategy

Reporter
rY2H

Suter 2008, Biotechniques



Experimental methods — Yeast 3 Hybrid

« screens for small molecules or other components that

mediate an interaction
DBD

-G

D

2] 3
Reporter

Y3H

Suter 2008, Biotechniques



Experimental methods —
membrane Yeast Two-Hybrid (mY2H)

screens for proteins that interact within or near the membrane
nearly one third of all proteins
are integral membrane |

Uq

proteins not amenable to Y2H __ m
N

SN0 It
ot
Cub: C-terminus of Ubiquitin 6@

UBPs

Nub: N-terminus of Ubiquitin

MY2H

Suter 2008, Biotechniques



Experimental methods —
cytosolic Yeast Two-Hybrid (cY2H)

screens for proteins that interact within cytosol
alternative for studying proteins in proper context
alternative for studying proteins

that may self activate in Y2H [0 i i

Cub: C-terminus of Ubiquitin
Nub: N-terminus of Ubiquitin

Reporter

cytoY2H

Suter 2008, Biotechniques



Experimental methods — PCA
Protein Complementation assay

« based on reconstitution of some protein activity
 fusion protein design must prevent spontaneous refolding
 Independent of transcription o— .
based reporter el
 alternatives include assays
for luminescence or l
fluorescence
« useful in a variety of organisms

« other variants of this assay are
split TEV protease assay /@é
o

e.g. Reconstituted DHFR activity allows grov(rth PCA
on trimethoprim

Suter 2008, Biotechniques



Experimental methods — Tango
State-specific binding assay

TEV protease Is juxtaposed to reporter construct under specific
conditions (presence of a ligand).

0 =g
-5
- -

Tango

Suter 2008, Biotechniques



Experimental methods — MAPPIT
Mammalian protein interaction trap

* Interaction between bait and prey restores ligand-dependent
cytokine receptor signalling

« especially applicable to analysis
of cell signalling pathways due to
native context of tested
bait and prey

 rMAPPIT is used to screen for
compounds that disrupt an interactior

MAPPIT

Suter 2008, Biotechniques



Experimental methods
Affinity purification

Interacting proteins are purified by means
of an affinity tag on a "bait” protein

« proteins are detected via MS

« readout of this experiment type is a list
of proteins that somehow interact with
the bait protein

« note this is fundamentally different than
readout of the Y2H family of experiments
(more later)

Yeast TAP Mammalian TAP

Protein Extraction l

O30

AP Protein A l

TEV

O o3

AP CBP i

o
l

SDS-PAGE MALDI-TOF/LC-MS

s

Suter 2008, Biotechniques




Experimental methods — LUMIER

Luminescent mammlian interaction assay é)lé)

——
 bait is tagged with FLAG epitope

Protein Extraction l

o preyf '

prey fused to luciferase S
=

« expression in mammlian cells mcpmcotatn |

* pairwise screening in a high-troughput =S
screen |

e pre-tagging of prey aids in non-ambiguous ey
. . g . Q000

Q000

identification 130/\ s2ss

L Ox-L

LUMIER

Suter 2008, Biotechniques



Experimental methods — QUICK

Quantitative IP combined with knockdown
« "bait” is knocked down in heavy-labelled

* requires antibodies specific to bait

(not high throughput)

* reduces noises from non-specifically
binding proteins found in IP sample

sample

no tags, represents native-like cell

Suter 2008, Biotechniques
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@ 17991895 Further analysis revealed activation of key strand break repair proteins including AT, ATE (ATI-Rad3-related), checkpoint kinase 1 (CHK1), BRCAT, NBS1, and RADS1
by Western blotting and immunefluorescence

Palii Stela § et al. {200}

® 17999359 RADS1 is an important component of double-stranded DIA-repzair mechanisms that interacts with both BRCAT and BRCAZ

Antoniou Antonis C et 317
(2007) A single-nuclectide polymorphism (SMNP) in the 5" untranslated region (UTR} of RADS1, 135G->C, has been suggested as a possible modifier of breast cancer risk in

BRCAT and BRCAZ mutation carriers .

RADS1 is the first gene to be reliably identified as a modifier of risk among BRCAT/2 mutation carriers
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Therapeutic exploitation of tumor cell defects in homologous recombination.

In the decade since the BRCAI and BRCA?Z2 genes were cloned, much has been learned about the function of these two major causes of familial breast cancer. BRCA?Z has been shown to play a direct role
in the repair of DINA by homologous recombination, by interacting with the Rad35] protein and facilitating the formation of Rad31 aggregates at the site of DNA damage. ... BRCAI plays a role in sensing
DNA damage and replication stress and mediating the signaling responses. ... We have argued that the mechanism of cancer susceptibility from BRCA1 or BRCA?2 deficiency is mediated via the defect in
homologous recombination, since it is the main feature they share in common. . Core biopsy samples are obtained and immediately irradiated ex vivo, allowing 3-4 hours for the appearance of Rad31,
BRCAI and FancD?2 foci. ... We have identified twnors with defects in the abilitv to form Rad51 and BRCAL foci, where there is no known genetic predisposition, implving that this BRCA-dependent
repair pathway mav be inactivated in sporadic as well as familial breast cancers. ...

PMID:18473729 Anti-cancer agents in medicinal chemistry 2008 May

Dinucleotide repeat polvmorphisms of RADS1. BRCA1. BRCA2 gene regions in breast cancer.

. BRCAI and BRCAZ, two breast cancer susceptibility genes, are essential to maintain chromosomal integrity. This is mediated via regulation of RADS]1 during homologous recombination. Dinucleotide
polymorphism repeats in the 153g14-21, 17g21 and 13q12-13 regions, where the RAD31, BRCAI and BRCA?2 genes are located, respectivelv, have been evaluated . Genotvpes containing the (CA)(17)
or (CA)(19) alleles in the RADS] region were found to be associated with a decreased breast cancer risk. . The results indicate that dinucleotide CA repeat polymorphism at RADS] and BRCAZ gene
regions might be associated with genetic susceptibility to breast cancer.

PMID:18429825 Pathol Int. 2008 May

DNA methvlation inhibitor 5-Aza-2'-deoxvevtidine induces reversible genome-wide DNA damage that is distinctly influenced by DNA methvltransferases 1 and 3B.
... Further analvsis revealed activation of kev strand break repair proteins including ATM, ATR (ATM-Rad3-related), checkpoint kdnase 1 (CHK1), BRCAl, NBS1, and RADS] by Western blotting and
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Documentation Analvzed 100 most recent abstracts out of 207 available.

Found 103 interactive sentences and 70 parallel sentences.

Examples
Site News View all relevant Sentences.
Loolaaid Interactive relationship (e g stimulation, inhibition, etc)
Contact Us
Last update: 08/04/07 ® These findings indicate that BRCA2 mhibits Rad51 cleavage and subsequent apoptosis. Ref: Radiat Bes 2008
We recommend o Similarly, reducing BRCA2 by 50% reduces RADS1 and BCCIP foci. Ref: Mol Cell Biol. 2003
FireFox browser.
o BRCA2? expression also modulates Rad31 protein levels such that Rad51 protein is relatively decreased in BRCA?2 defective cancer cells. Bef: Mol Carcinoz. 200

o BRCAZ is essential for homologous recombination in vivo, but isolated BRC repeat peptides can prevent the assembly of RADS] into active nucleoprotein filaments in vitro, suggesting a
model in which BRCA2 sequesters RAD3] in undamaged cells, and promotes recombinase function after DINA damage. Ref Nucleic Acids Res. 2006

* The interactions of BRCA?2 with RADS] and DMC1 lead us to suggest that the BRCA2 tumour suppressor is a universal regulator of recombinase actions. Ref: Oncozene. 2007

e The BRCA?2 tumour suppressor regulates the RAD 31 [RADS1] recombinase during double strand break ( DSB ) repair by homologous recombination { HR ) but how BRCA2 executes its
fimetions is not well understood. Ref: J Mol Biol 2006

e The crystallographic analysis shows that the BRC motif of the BRCA?2 tumor suppressor is in contact with the subunit subunit interface of Rad31 and could thus prevent filament formation of
Rad51 . Ref Genes Cells. 200

e From these results, we conclude that (1) BRCA2 regulates RADS] recombination in response to the tvpe of DNA damage and (i) BRCA2 suppresses SCRS, suggesting a role for
BRCA2? in sister chromatids cohesion and or alignment. Ref Cancer Bes. 2003

o Inhibition of filament formation of human Rad51 protein by a small peptide detived from the BRC motif of the BRCA2 protein. Eef Genes Cells. 2008

e Brhl, the ortholog of the BRCA2 tumor suppressor in Ustilago maydis, works hand in hand with Rad31 to promote repair of DNA by homologous recombination. Bef: Proc Natl Acad S US A

2008

e The BRCA2 tumor suppressor functions in repair of DNA by homologous recombination through regulating the action of Rad31 . Bef. DNA Repair ( Amst) . 2007
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Last update: 08/04/07
Hypothesis generation
We recommend
FireFox browser.
2 + +
From a complex of relationship network, Chilibot suggested that CREB may have a relationship (e.g. regulation) with synaptotagmin, based
on 1) there is no known relationship between CREB and synaptotagmin; and 2} they are both connected to many gene/protein and are both
involved in similar biological process (e.g. LTP). The original search includeed one keyword ("LTP") and 22 other genes. CREB was first
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3 permuted occurrences of 25 filtered documents of 25 hit documents (4.59s). List keywords List multiword terms
Jump to result sett ABC  BCA
Set1: BRCA1 AND bind® AND RAD51 Top

1 radiation (IR ) and exhibit defective DNA repair . Both BRCA1 and BRCAZ have been reported to bind Rad51 | a protein essential for homologous recombination
2 sensitivity to DNA-damaging agents . In human cells , BRCA1 binds to both Rad50 and Rad51 and colocalizes with these proteins at repair foci .

Set 2: bind® AND RAD51 AND BRCA1 Top

1 the zinc finger domain ( exons 2 , 3 and 5 ) and the binding domain with Rad51 ({ exon 11 ) of the BRCA1 protein . An identical nonsense mutation at codon 63
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y-H2AX in recognition and signaling of DNA double-strand breaks in
the context of chromatin

Kinner, A., Wu, W., Staudt, C., Iliakis, G. (2008) Nucleic Acids Research.

FIGURE CAPTIO!

_' Figure 2.. DSB repair pathways. (A) Homologous recombination repair (HRR).
R After the initial sensing of the DSB by MRN and the activation of ATM, H2AX is

phosphorylated, which in turn elicits a sequence of signaling events thought to
= ultimately cause the activation of nucleases such as Mrell and CtIP to process
the DNA ends and generate ssDNA with 37 overhangs. ssDNA is bound by RPA,
which is subsequently exchanged by Rad51 and Rad51 paralogs. This exchange
is facilitated by Rad52, Rad54 and BRCA2. The Rad51-decorated DNA fiber

- initiates strand invasion into an intact homologous DMNA molecule that leads to
the formation of a Holiday junction. The DMA sequence around the DSE is copied
by DMNA synthesis associated with branch migration, and the process is
completed by resolution of the Holiday junction. HRR is a templated repair
process and is therefore error free (15-17). (B) DNA-PK-dependent
nonhomaologous end joining (D-NHEI). DNA ends are recognized by Ku, which
recruits, after processing by Tdp1 or PNKP, DNA-PKcs. Upon end-binding,
DMNA-PKcs is activated and phosphorylates itself and possibly also other proteins
(like H24X on an adjacent nucleosome). Phosphorylated DNA-PKcs is thought to
be released from the DNA end, which allows the DNA ligase IV/XRCC4/XLF
complex to mediate end-ligation possibly with the help of a DNA polymerase that
catalyzes gap filling (19,149,150). (C) Back up pathway of nonhomologous end
joining (B-NHEJ). There is evidence that cells of higher eukaryotes with defects in
D-MHEJ rejoin the majority of DSBs using an alternative repair pathway that is
not utilizing any of the HRR-associated activities (19). This pathway is therefare
termed backup NHEI (B-NHEJ). Although details of this pathway remain to be
elucidated, there is evidence that it utilizes the PARP-1/DNA Ligase III/XRCC1
repair module known to be involved in the repair of SSB and base damages
(151-155), and that its function is facilitated by the linker histone H1 (158). (D)
Single strand annealing (SSA). This repair pathway shares features of HRR. and
MHE], and is best described in yeast (17). After the initial sensing of the DSBs
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