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Intrinsically disordered proteins (IDPs):
proteins with regions that lack a single

Missing electron densities in X-ray NMR ensembles of SUMO-1 and
crystallography from PDB antennapedia from PDB

Human Growth hormone bound to receptor

History of protein disorder

Protein structure-function paradigm

well-defined 3D structure in native ol
conditions. -

Model of tumor suppressor
p53 using X-ray, NMR and
SAXS

* Wells et al 2008
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A major challenge in the post-genome era will be determination of the
functions of the encoded protein sequences. Since it is generally assumed
that the function of a protein is closely linked to its three-dimensional
structure, prediction or experimental determination of the library of pro-
tein structures is a matter of high priority. However, a large proportion
of gene sequences appear to code not for folded, globular proteins, but
for long stretches of amino acids that are likely to be either unfolded in
solution or adopt non-globular structures of unknown conformation.
Characterization of the conformational propensities and function of the
non-globular protein sequences represents a major challenge. The high
proportion of these sequences in the genomes of all organisms studied to
date argues for important, as yet unknown functions, since there could
be no other reason for their persistence throughout evolution. Clearly the
assumption that a folded three-dimensional structure is necessary for
function needs to be re-examined. Although the functions of manv pro-
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I IDP functions

Flexible linkers/spacers between domains

Entropic chains

Molecular recognition:

- binding to proteins, nucleic acid polymers,
membrane, metal ions

- As enzymes that undergo disorder-to-order
transitions

- Formation of multiprotein complexes

Protein modifications and regulation (e.qg.
phosphorylation)

See Dunker et al
2002 for more details 4/ 18



key model for IDPs

and-

Revised lock
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Disorder continuum

order disorder

Uversky 2013
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I Disordered sequences

 Low content of bulky
hydrophobic amino acids (Val,
Leu, lle, Phe, Trp, Tyr, Met) ~Disordered proteins

* High content of charged and
polar amino acids (GlIn, Ser,
Pro, Glu, Lys)

el charge

Meann

Used in disorder <«—— . .
. i 02 03 04 0.5
pFEdICtOI’ FOId I ndex Mean hydrophobicity
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I Disorder prediction

Prediction methods based on

- Physical/chemical features (Foldindex)

- Machine learning algorithms (DISOPRED?2, Spritz,
PONDR)

- Energy estimation (IlUPred?2):

Globular proteins form many favorable interactions
to ensure the stability of the structure.

IUPred output for p53



I Disorder databases

DisProt |
. —in, n—r database of 1.7k experimentally
verified IDPs

- IDEAL: database of experimentally verified 995
IDPs

- MobiDB <%

centralized resource that combines experimental
and predicted data into a consensus annotation
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Natural abundance and
phylogenetic distribution
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Evolutionary study of disorder

Groups
Crf I
orthologs  —
Clustering
For each groups with similar
group scores
Make multiple -
sequence —
alignment (MSA) = Disorder Conservation
mapped scare
to fﬂ% A Disordered
- o residues
—— — — conserved/
—3 All disordered
- m— — - = = residues:
| | [}.4
Disorder
prediction
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I Evolutionary study of disorder

—

Binding

RNA binding
Nucleolus

Nucleic acid binding

Ribosome biogenesis

remodeling
Ribonucleoprotein complex
Nucleosome organization
Cellular catabolic process

DNA-directed DNA polumerase
activity

DNA polumerase activity

Translesion synihesis

chromosome condensation

DNA helicase complex

Nuclear chromose part

Ribonucleoprotein complex
subunit organization

Ribonucleoprotein complex
biogenesis

| ATP-dependent chromatin

Hsa - Mmu Hsa - Dre Hs-Dm Hsa-Sce

Kastano et al 2020

conservation
score

! 1
0.5

0

Correlating

similar disorder
conservation patterns
with protein functions
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MobiDB <

P04637 - Cellular tumor antigen p53
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I Exercise: MobiDB and DisProt

 Search beta-catenin-1 (P35222) on MobiDB. Go to the
advanced view.

- What kind of disorder annotations are there?
Curated, derived, predictions

- The different annotations don’t give exactly the
same results. Which annotation gives the longest
IDRs (Intrinsically Disordered Regions)? Predictions

* Go to the Disprot entry linked on the bottom.

- How many methodologies were used to identify the
disorder? 3

- What do the different coloured disorder annotations

mean? Interaction and structural transition 14718



Exercise: IDPs and cancer mutations

Turning COSMIC mutations on Overview of proteinpaint
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Exercise: IDPs and cancer mutations
DIBs: Database of Disordered Binding Sites

Structure Summary @

Entry contents: 2 distinct polypeptide molecules
Chains: A, B
Notes: No modifications of the original PDB file.

Chain A Structural status
tus ~

Name: Cellular tumor antigen p53 Disordered Confirmed

Source organism: Homo sapiens

Length: 20 residues

Sequence:ﬂSHLKSKKGQSTSRHKKLMFK

The sequence contains the following modified/non-standard residues:
* N(6)-acetyllysine (K) at position 382 (PDB position: 382)

UniProtKB AC: P04637 (positions: 367-386) [URiBret| Coverage: 5.1%

UniRef90 AC: UniRef90 P04637 (positions: 367-386) UniRef90

Residues of this chain involved in binding

Position : 0 Zoom :x 1

Sequence 5 H L K 5 K K G ] 5 T 5 R H K K L M F K

Modification
Selved structure
Pfam

Secondary Struct.

T T T T T T T T T
363 70 372 374 376 3i7e 380 3Bz 3E4 386

Chain B

Name: CREB-binding protein oOrdered
Source organism: Homo sapiens

Length: 121 residues



Exercise: IDPs and cancer mutations

Go on PECAN at https://pecan.stjude.cloud and search for beta-catenin
(CTNNB1).Where in the sequence (residue number) are most of the
mutations located in pediatric cancers? 33. In what type of cancer are the
mutations common? Brain tumor.

Turn on COSMIC (Catalogue Of Somatic Mutations In Cancer) mutations. In
what location are mutations most common? 41

Go on DIBS (Database of Disordered Binding Sites) at
http://dibs.enzim.ttk.mta.hu/search.php and search for beta-catenin
(P35222). Which entry contains the mutated region? 1p22

Highlight the most mutated positions in the structure. Are they structured?
What evidence is there for their status (ordered/disordered)? Homology
What is the binding partner? S-phase kinase-associated protein 1
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