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What is protein disorder?

Intrinsically disordered proteins (IDPs): proteins with regions that
lack a single well-defined 3D structure in native conditions.

Representation of the 3D structure of a protein
Structure-function paradigm:

Structure - function

Emil Fisher’s key-lock model
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What does disorder look like?

Model of tumor suppressor

. L p53 using X-ray, NMR and
Missing electron densities in X-ray SAXS

crystallography from PDB

NMR (nuclear magnetic resonance)
ensembles of SUMO-1 and
antennapedia from PDB

Disordered in 40%
of its length!

Human Growth hormone bound to receptor

Wells et al 2008

~30% of PDB structures have such regions! 4/21



Article No. jmbi.1999.3110 available online at http:/Awww.idealibrary.com on IDERL™ J. Mol. Biol. (1999) 293, 321-331
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Intrinsically Unstructured Proteins: Re-assessing the
Protein Structure-Function Paradigm

Peter E. Wright* and H. Jane Dyson*

Department of Molecular A major challenge in the post-genome era will be determination of the
Biology and Skaggs Institute of  functions of the encoded protein sequences. Since it is generally assumed
Chemical Biology, The Scripps that the function of a protein is closely linked to its three-dimensional
Research Institute, 10550 North  structure, prediction or experimental determination of the library of pro-
Torrey Pines Road, La Jolla tein structures is a matter of high priority. However, a large proportion
CA 92037, USA 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-

— Argues that disordered regions in themselves have important functions! 5,51



I Disordered region functions

* Flexible linkers/spacers between domains
* Entropic chains (contribute to the structure energy)
* 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 6/ 21



Revised lock-and-key model for IDPs

Disordered proteins can bind to many structured partners!
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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 What about order prediction?

AlphaFold is an AI system developed
by DeepMind that predicts a
protein’s 3D structure from its amino
acid sequence. It regularly achieves
accuracy competitive with
experiment.

DeepMind and EMBL's European Bioinformatics
Institute (EMBL-EBI) have partnered to create
AlphaFold DB to make these predictions freely
available to the scientific community. The first release
covered the human proteome and the proteomes of
several other key organisms, while the second release
added the majority of manually curated UniProt
entries (Swiss-Prot). In 2022 we plan to expand the
database to cover a large proportion of all catalogued

proteins (the over 100 million in UniRef90).

QBI3H7: May protect the malaria parasite against attack by the immune system.
Mean pLDDT 85.57.

10/21
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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

11/21



Natural abundance and
phylogenetic distribution

/Cre
| Cre
Ner
= _Um N.cr
Lma "
- ;( . Um
* ~40% of human proteins o oy
¥ . Bta \ Dm
- ni Dm Dre = Ddi o
dicted to be IDP goel oy bon—gper 8 0 .
predicted to oe S 2 o onn T AR Vi Am i}
° » Sce TQsa~2zma Tni Acao Mm e E D g
£ 1 NGB o o 3 " % Mmu—&Pt
- g Kla Sbi ~Bdi Bfl Xt E Pra Bl T
* ~30% of Eukaryotic o pbeion T T
Tan  Ath . B x4 oo AeaOF
- - = 'Pfa &> Sbi Xil
1 AQP g T Wi 1% A o
roteins predicted to be 1 55 TR Eow %
Ehi Nve TOlaq\
Spox N
IDPs o P\
Tan
X Vi
Ehi
REﬂ::u
100 100
number of cell types number of cell types
Euarchontoglires ¢ Euteleostomi Metazoa
taxon
Eukaryota = Fungi Viridiplantag

12 /21



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

—
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Kastano et al 2020

conservation
score

! 1
0.5

0

Correlating

similar disorder
conservation patterns
with protein functions

14 /21



MotnDBﬁ( https://mobidb.bio.unipd.it/

Database that provides information about intrinsically disordered regions
(IDRs) and related features from various sources and prediction tools.
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I MobiDB color code

Evidence Level

MobiDB features four levels of annotation that trade off quality for coverage. From the most reliable to the most coprehensive they are:

curated
derived
homology

prediction

C

Manually curated experimental annotations from partner databases
Annotations automatically derived from primary data, e.g. from PDB Q, structures
Annotations propagated aligning curated regions against Ensembl Q, Gene Trees Q,

Annotations provided running software tools against all UniProtKb Q, proteins

16 /21



MobiDB advanced view
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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 for this
protein? Curated, derived, predictions

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

* Go to the Disprot entry linked on the bottom.

- How many types of methodologies (indicated as
“Evidence”) were used to identify the disorder? 3 (X-
ray crystallography, NMR, cleavage assay evidelglcg)



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
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