Functional diversity and structural disorder in human ubiquitination pathway
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Introduction Objectives
Ubiquitination: an important cellular control mechanism Conformational plasticity model
.. s (Rosenbaum et al (2011), Molecular Cell 41: 93-106) * Intrinsically disordered proteins (IDPs) play important roles in molecular
;H (e f’éz . recognition, signaling and regulatory pathways; implicated in diseases [1]
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8 and in the mechanism of ubiquitination by enabling large conformational
Bearadiiln Ubiquitination system changes
e (PaCirole) * Recognizes multiple shapes/types of misfolded substrates
proteasome REGUIstoRy fanctions * Intrinsically disordered proteins capable of binding plasticity

Results

Methods

|. Dataset creation

l. Predicted disorder tendency of Ub system

Merging of E3 ligases from KEGG-BRITE database [2] and literature [3]
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Il. Prediction of structural disorder from protein sequence
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IUPred [4], FoldIndex [5] and DisProt-VSL2 [6] disorder predictors were used
Calculations: Residue-specific disorder scores, number and ratio of disordered residues, length of longest consecutive

Average % of disordered residues
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||| Inte ra Ction C|aSSificati0n Main groups of ubiquitin associated enzymes
E3 Protein-protein interaction data from two sources (Literature [3] & STRING database [7]).
E3s grouped into hubs (H, k = 25), intermediately connected proteins (ICP, 4 = k = 24) and non-hubs (NH; k =3) 1. Disorder for E2-binding and non-E2-binding regions in E3s
k= no. of partners (i.e., connectivity)
. _ . . E3 Family Avg disorder (%) p-value®
IV. Structural information on E3 interactions
Protein Data Bank (PDB): all structures where human E3s were in complex with any other human protein o . o _
. . E2-binding domain? Non-E2-binding domain®
V. Conformational change to understand mechanism of Ub transfer
Normal mode (El Nemo webserver, www.igs.cnrs-mrs.fr/elnemo/) and molecular dynamics (GROMACS) analyses Ubox 21.0 195 0.7
Hect 1.0 28.2 1.33e-07
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Y V. E3s use disordered regions/segments for interaction SRE 0.43 3.8 <226-16
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% i ' 1 639 c P-values from the one-tailed Mann-Whitney U-test corresponding to the hypothesis that
2 o non-E2-binding domains are significantly more disordered that E2-binding domains.
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5 : Interaction between E3 MDM2 and substrate P53 ( PDB 1YCR) VII. Structural disorder enables intermolecular diffusion in E3 action
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VI. Structural organization and molecular dynamics analysis of an E2-E3-substrate complex
Case study for studying long-range conformational changes | ,
PDB 4A4C [E2 (UbcH5B), E3 ligase (CBL), Substrate (Tyr kinase ZAP-70)] Predicted disorder for E3 (CBL) sequence O —
o - transfer - .
g N Dist (E2 cat. CYS and Zap70 N-term) from MD
S © RMSF plot from 50ns MD simulation T
A M — T T T T T
0.8 — — I |
o B i 4 —
7 16? 1‘5!? 22? 25? 28? 1? 347 37:'7 46? 4Cl’:? 0.6 a
Residue | | E
£ g3
Plot of crystal B-factors from PDB structure (CBL) 04 1 2
1 = E— - s 02| 1 .
] crystal B-factor >= 100 A2 Linker o i | . N | 7 |
Llnker (helixr reglon 0] 100 200Residue300 400 500 13 ! 10(|)OO ! 20(|)OO ! 30{|)OO ! 40{|)OO ! 50300

Time (ps)

CO N CI u S|O ns 1. Tompa P (2011) Unstructural biology coming of age. Curr Opin Struct Biol 21:419-425. Refe rences
2. Kanehisa M, Goto S (2000) KEGG: kyoto encyclopedia of genes and genomes. Nucleic Acids Res 28: 27-30.
3. van Wijk SJ, de Vries SJ, Kemmeren P, Huang A, Boelens R, et al. (2009) A comprehensive framework of E2-RING E3 interactions of the human ubiquitin-proteasome system. Mol Syst

1) Predicted disorder : E3>E2 >E1 Biol 5: 295.

. _ T . . 4. Dosztanyi Z, Csizmok V, Tompa P, Simon | (2005) IUPred: web server for the prediction of intrinsically unstructured regions of proteins based on estimated energy content.
2) Disorder : Substrate/adaptor binding region > RING/scaffold domain Bioinformatice 21: 3433-3434.

3) Level of disorder oo connectivity. 5. Prilusky J, Felder CE, Zeev-Ben-Mordehai T, Rydberg EH, Man O, et al. (2005) FoldIindex: a simple tool to predict whether a given protein sequence is intrinsically unfolded.

4) Disorder of E3 increases with 'hubness'. Bioinformatics 21: 3435-3438. . . .
6. Vucetic S, Brown CJ, Dunker AK, Obradovic Z (2003) Flavors of protein disorder. Proteins 52: 573-584.

5) E3: Disordered segments bind substrate 7. Szklarczyk D, Franceschini A, Kuhn M, Simonovic M, Roth A, et al. (2011) The STRING database in 2011: functional interaction networks of proteins, globally integrated and scored.

6) ssE3s : Disordered linker allows conformational change for Ub transfer Nucleic Acids Res 39: D561-568.
This work :- Pallab Bhowmick, Rita Pancsa, Mainak Guharoy and Peter Tompa.Functional diversity and structural disorder in the human ubiquitination pathway (submitted)

Acknowledgements

Vrije
=f} U J i L Member of Tompa lab, VIB, Brussels
s niversitel ; Marie Curie Initial training Network
VIB Brussel IDPbyNMR S T IDPbyNMR Project n. 264257



