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The The XX--rayray structurestructure of of humanhuman mm--calpaincalpain

Strobl et al. (2000) PNAS USA 97, 588
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AnAn enzymeenzyme thatthat mademade thethe differencedifference: : 
calcineurincalcineurin



A change in paradigm:A change in paradigm: DunkerDunker, 1998, 1998



A change in paradigm: Wright and A change in paradigm: Wright and 
Dyson, 1999Dyson, 1999



IntrinsicallyIntrinsically unstructuredunstructured proteinsproteins
((IUPsIUPs//IDPsIDPs))

1) In vitro evidence (X-ray, NMR, CD, SAXS, limited 
proteolysis…) shows that they lack a well-defined 3D 
structure (look like denatured globular proteins)

2) Evidence in vivo (rapid evolution, binding in an
open conformation, predictability…)

3) Provides functional advantages (special functions, 
specificity without strong binding, binding
promiscuity, increased speed of interaction…)

4) Frequent in proteomes



DisProtDisProt, http://, http://www.disprot.orgwww.disprot.org

Sickmeier et al. (2007) NAR 35, D786



Dunker et al. (2001) J. Mol. Graph. Model. 19, 26

The The primaryprimary causecause of of disorderdisorder: AA : AA compositioncomposition

order-promoting disorder-promoting



PredictionPrediction of of disorderdisorder: : IUPredIUPred
http://http://iupred.enzim.huiupred.enzim.hu

Dosztányi (2005) J. Mol. Biol. 347, 827

TAD DBD TD RD
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SpecificitySpecificity withoutwithout excessiveexcessive bindingbinding strengthstrength
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Protein Protein disorderdisorder: : anan evolutionaryevolutionary successsuccess--storystory
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PredictionPrediction: : 

disorderdisorder prevailsprevails inin regulatoryregulatory proteinsproteins

Iakoucheva et al. (2002) J. Mol. Biol. 323, 573
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Tompa (2005) FEBS Lett., 579, 3346

IUPs

entropic chains recognition

transient binding permanent binding

display sites chaperones effectors assemblersscavengers
sites of post-
translational
modification
(e.g. CREB)

assist the folding 
of RNA or protein
(e.g. NCp 9)

modulate the
activity of a
partner molecule
(e.g. p21(Cip1))

assemble
complexes or 
target activity
(e.g. p53 TAD)

store and/or
neutralize
small ligands
(e.g. casein)

directly function
due to disorder as
spring, bristle, linker
(e.g. titin)

IUPsIUPs belongbelong toto 6 6 functionalfunctional categoriescategories



Entropic gating in nuclear poreEntropic gating in nuclear pore

Patel (2007) Cell 129, 83



Tompa (2005) FEBS Lett., 579, 3346
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The ELM server The ELM server http://http://elm.eu.orgelm.eu.org//
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p27Kip1
IA3
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p27p27Kip1Kip1: : anan effectoreffector (inhibitor) of (inhibitor) of CdksCdks
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CaseinCasein: : scavengerscavenger of of calciumcalcium phosphatephosphate

Ca2+ + PO4
3- Ca3(PO4)2
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RNAP IIRNAP II



TFs

Initiation

Elongation

Termination

CTDK

RNAP II CTD: RNAP II CTD: coordinationcoordination of 5of 5’’ cappingcapping, , splicingsplicing, , 
33’’ polyadenylationpolyadenylation
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The ELM server The ELM server http://http://elm.eu.orgelm.eu.org//



ELMsELMs and local disorderand local disorder

Fuxreiter et al (2006) Bioinformatics, 23, 950



The yeastThe yeast interainteractomectome

Uetz et al. (2000) Nature 403, 623

hub



Protein PONDR % STRING Partners

α -synuclein 100 27 parkin, tau, CaM

caldesmon 100 27 ERK, S100, myosin, actin, CAM

HMGA 100 18 AP1, NF-κB, C/EBPβ , Oct-1, Sp1

synaptobrevin 100 8 syntaxin 1, BAP31, VAMP-ass. prot., SNAP-25

BRCA1 79 119 p53, ATM, BRCA2, c-Myc, Chk1

XPA 63 41 RPA70, RPA34, ERCC1, TFIIH, XAB1

estrogen receptor α 31 116 p53, BRCA1, CaM, c-Jun

p53 29 239 Mdm2, ATM, ERK, p38, BCL-Xl

Mdm2 26 72 p53, ARF, ATM, CK2, HIF-1α

calcineurin, subunit A 16 31 NFAT, calcipressin, cabin1, SOCS-3, calsarcin

14-3-3' ξ 12 97 p53, Wee1, tau, Raf-1, Cdc25c, Bad

Cdk2 7 125 PP2A, CycE1, DNA Pol α , BRCA1, cycA

actin 5 33 profilin, RNAse I, vit DBP, thymosin β4, cofilin

calmodulin 3 50 neurogranin, calcineurin, AC1, calponin, caldesmon

Dunker (2005) FEBS J. 272, 5129

Disorder inDisorder in hubhubss



((YeastYeast) ) hubshubs containcontain moremore of:of:

disorder repeats

low-complexity

Dosztányi (2006) J.Proteome. Res. 5, 2985

hubs
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IA3
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Tcf3

IUP IUP interfacesinterfaces



IUPsIUPs: : extendedextended interfaceinterface forfor bindingbinding

Meszaros et al. (2007) JMB submitted

globular

IUP



DisorderDisorder increasesincreases withwith complexcomplex sizesize

Hegyi and Tompa. (2007) BMC Stuct. Biol. submitted
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