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I Protein structures

Representation of the 3D structure of a protein

Structure-function paradigm:

Structure - function

Emil Fisher’s key-lock model (1894)

2 /31



RCSB PDB  Deposit ~ Search ~ \Visualize ~ Analyze ~ Download ~ Leam ~ About ~ Documentation ~ Careers COVID-19

ﬁ E 212,924 Structures from the PDB . . ° n
SM
= BIED o, o comessmcue PDB was established in 1971
Models (CSM)

containing-7-protein-structures.
R SPDB 2onakes SNAKB [ € PDB-Dev

RCSB Protein Data Bank (RCSB PDB) enables breakthroughs in
A Welcome science and education by providing access and tools for exploration,
visualization, and analysis of:

#® Deposit Experimentally-determined 3D structures from the Protein Data
Bank (PDB) archive

Q. Search a Computed Structure Models (CSM) from AlphaFold DB and
ModelArchive

k&l Visualize These data can be explored in context of external annotations providing
a structural view of biology.

Analyze

& Download Explore
NEW

W Lean Features

ZAR1 Resistosome

Latest Entries As of Tu Features & Highlights Publications~

Deprecation of FTP File Download
Protocol in the PDB Archive

wwPDB plans to deprecate FTP

Watch the Crash Course: RCSB PDB
|| APls

Al
download protocol on November 1st APis for Bioinformatics Analyses and
2024 Machine Leamning.
» 11/28/2023
Backbone Annotation and
Standardization of Peptide Residues
hve | s Now Live Papers Published in Special Issue of / 31

Journal of Molecular Biology
Read how the ModelCIF data framework
and RCSE PDEB APIls each support

Explore Antibiotic Resistance in 3D



RCSB PDB

Deposit = Search ~ Visualize ~  Analyze ~

B 212,924 Structures from the PDB

P

\
_/
PROTEIN DATA

1,068,577 Computed Structure
Models (C5M)

Expected

Download -

Leam ~ About ~ Documentation ~ Careers

= 30 Structures @

Taxonomy counts

@ Cukaryota (117,291)*

@ Bacteria (71.899)

@ Riboviria (14,096)

@ other sequences (8,624)

@ Archaea (5,962)

@ Dpuplodnaviria (3,173)

® Eukaryota (eukaryotes) (1,521)
® varidnaviria (739)

@ Monodnaviria (618)

@ Others (989)

for the same proteins or
complexes);

* Entry counts (several experiments

COVID-19

Include CSM © n

Helr

— LELEA

ecule of the Month

Resistosome

structure T ——— YT m

gy
lr.\_‘_}l

e

e

Deprecation of FTP File Download
Protocol in the PDB Archive
wwPDB plans to deprecate FTP
download protocol on November 1st
2024

Backbone Annotation and
Standardization of Peptide Residues
is Now Live

Explore Antibiotic Resistance in 3D

Waitch the Crash Course: RCSB PDBE
APIs

Learn about Leveraging RCSE FDB
APis for Bioinformatics Analyses and
Machine Leamning.

» 11/28/2023

Papers Published in Special Issue of
Journal of Molecular Biology

Read how the ModelCIF data framework
and RCSE PDB APIls each support

/31



What is protein disorder?

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

Model of tumor suppressor

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

crystallography from PDB

Disdrdered in 40%

NMR (nuclear magnetic resonance) of its length!
ensembles of SUMO-1 and
Human Growth hormone bound to receptor antennapedia from PDB Wells et al 2008
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Article No. jmbi.1999.3110 available online at http:/Awww.idealibrary.com on IDERL™ J. Mol. Biol. (1999) 293, 321-331

JMB (40}

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! ¢ ,31



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.g.
phosphorylation)

See Dunker et al
2002 for more details 7/31



I Why study IDRs?

* Their mutation is involved Iin diseases:

- Cancer

- Neurodegenerative diseases (Parkinson’s, Dementia,
Alzheimer’s, Down’s syndrome, SCA1)

- Diabetes
- Cardiovascular diseases
 Can be used in drug delivery (synthetic IDRSs);

* Understanding of protein complexes interactions.

8/31



Revised lock-and-key model for IDPs

Disordered proteins can bind to many structured partners!

9/31



Organism Proteins Regions
Disorder databases
» Eukaryota 2,055 5,779

» Bacteria 356 905

. DisProt
* Disprot: ST

» Archaea 21 54

database of experimentally verified IDPs

- IDEAL: database of experimentally verified 1110 IDPs

- wobioe: ohiDB <%

centralized resource that combines experimental and
predicted data into a consensus annotation

* DIBS: Disordered Binding Sites (DIBS) with 1,576
complexes with curated interactions on the IDR region.

10/31



I Disordered sequences

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

* High content of charged and polar
Ser, Pro, Glu, Lys)

~Disordered proteins

el

Meann

Used in disorder =
predictor Foldindex




I Disorder prediction

Prediction methods can be based on:

Physical/chemical features (Foldindex)

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

Energy estimation (IlUPred2):

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

IUPred output for p53
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Disorder prediction

Critical Assessment of protein Intrinsic Disorder prediction (CAID)

CAID

Bienal competition designed to access the quality of new IDR/IDP and and

binding predictors.

AUC curve
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Precision-Recall curve
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RawMSA (F=0.45, C=1.00)

fIDPIr (F=0.45, C=1.00)
Predisorder (F=0.44, C=0.99)
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DisoMine (F =043, C=1.00)
AUCpreD-np (F=0.43, C=1.00)
Naive conservation

PDB observed

Gene3D

PDB remote

PDB close

Random

Shuffled dataset

Necci et al 2021
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I What about order prediction?

AlphaFold is an AI system developed
by DeepMind that predicts a Created in 2016
protein’s 3D structure from its amino Free access in 2021
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 latest
database release contains over 200 million entries,
providing broad coverage of UniProt (the standard
repository of protein sequences and annotations). We
provide individual downloads for the human proteome
and for the proteomes of 47 other key organisms

important in research and global health. We also
provide a download for the manual[y curated subset Q8I3HT: May protect the malaria parasite against attack by the immune system.

; 1 M LDDT 85.57.
of UniProt (Swiss-Prot). e 14 /31

View protein



What about order prediction?
AlphaFold also “predicts” disorder

-

P09038 - Fibroblast growth
Factor 2 (Human)

Q8WVHO — Complexin-3
(Human)

el W
P54253 - Ataxin-1 (Human) R“J

Model Confidence @

Low pLDDT scores [l Very high (pLDDT > 90) AlphaFold produces a per-residue model
can be used as an High (90 > pLDDT > 70) confidence score (pLDDT) between 0 and 100.
indication Of Some regions below 50 pLDDT may be unstructured

disorder \ ow (70> PLODT> 501 insolation.
. [ Very low (pLDDT < 50) 15 /31



Research examples
Structure in disordered regions

PolyXYs - QS, GS, RG...

>sp |P35637 | FUS_HUMAN RNA-binding protein

MASNDYTQQATQSYGAYPTQPGQGYSQQSSQPYGQQSYSGYSQSTDTSGYGQSSYSSYGQSQNTGYGTQSTPQG
YGSTGGYGSSQSSOSSYGQRQSSYPGYGQQPAPSSTSGSYGSSSQSSSYGQPQSGSYSQQPSYGGQQQSYGQQQS
YNPPQGYGQQNQYNSSSGGGGGGGGGGNYGQDQSSMSSGGGSGGGYGNQDQSGGEGGSGGYGQQDRGGRGRGGSG

_Ci GGGGGGGGGYNRSSGGYEPRGRGGGRGGRGGMGGSDRGGFNKFGGPRDQGSRHDSEQDNSDNNT IFVQGLGENY
Filtered POIyX and TIESVADYFKQIGIIKTNKKTGQPMINLYTDRETGKLKGEATVSFDDPPSAKAAIDWFDGKEFSGNPIKVSFAT
POlyXYS within IDRs of the RRADFNRGGGNGRGGRGRGGPMGRGGYGGGGSGGGGRGGFPSGGGGGGGQQRAGDWKCPNPTCENMNFSWRNEC
NQCKAPKPDGPGGGPGGSHMGGNYGDDRRGGRGGYDRGGYRGRGGDRGGFRGGRGGGDRGGFGPGKMDSRGEHR

Human proteome; QDRRERPY

- Extracted 100 residues
surrounding the repeated
region to analyse its
structural content.

Goncalves-Kulik et al 2022
Based on sequences of
homologous PDB structures

Goncalves-Kulik et al 2023:
Analises based on
AlphaFold predictions

Goncalves-Kulik et al 2022 / 2023 16/ 31



Research examples
Structure in disordered regions

a
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- Type of
L Poly

206 [ - pl

205 . = S Some polyX (Q, P)
o b (=] and polyXYs (ER,
0.3 S A
0.2 : -~ H EK, DE, AE) ShOW

0.0- — ﬁ > : B i preferenCe tO adopt
L T / helical structures in

b the repeated
regions.
0.9-

Type of
0.8- Poly
0.7 ER

- EK

%0.6 DE

T 05 ™~ éE
0.4- ~ KR

| AK
0.3 - QR
0.2 KQ
. - ES
0.0-

0 10 20 30 40 50 60 70 80 90 100
Position

Goncalves-Kulik et al 2022 / 2023 17/ 31



Research examples
Evolutionary study of disorder

Natural abundance and
phylogenetic distribution -

me Dre Bfa,
' T a Ptr |
Tu
Pfa Aga ¢ <E{nolf}:ca
i

8o
- 2 [
* ~40% of human proteins ¢ P .
predicted to be IDPs Pk W ET ; s "o
T pﬁ\\h " = C([l Dpu T AaOF,
. Pin . Rorg Sb X
¢ ~30% Of EUkaryOtIC D'E'E}:?Uﬁ‘:v ' 01'Tbr \Bd Osa  Cin r
SN
. . sp
proteins predicted to be | Taﬂ\w
Ehi
IDPS ‘Ecu
0077 50 100 150 0 50 100
number of cell types number of cell types
laxo Euarchontoglires < Euteleostomi Metazoa
Eukaryota = Fungi Viridiplantae
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Research examples

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 Disnfdered
- o residues
—— — — conserved/
—3 All disordered
- — — - = = residues:
| | ﬂ.4
Disorder
prediction
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Research examples
Evolutlonary study of disorder

Binding

RNA binding
Nucleolus

Nucleic acid binding

I Ribosome biogenesis

ATP-dependent chromatin
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

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

20/ 31



I Exercises

Exercise time!
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https://mobidb.bio.unipd.it/

Exercise: MobiDB and DisProt

1

128 138 14a e 168 178 188 198 208 218 220
STOFDAAHPT NVORLAEPSQ MLKHAVVNLI NYQDDAELAT RNNRENTKEN NDEDOVVN SSVEWSOUSK KESRNATNE SPONVSADVE NHONTNDVEN ARCEAGTENN

238 248 258 266 278 280 298 368 318 320 338
ISHAREGEDA IFKSGGNRAY VKHEGSPVDS JUEVAUNIH NEDUFOEGAK FAVRUAGGE) REVADRNANN VKFDANEIDE BOEERYGNOE SKLIILASGG POALVNIMRT
348 358 360 378 388 398 468 418 428 430 448
YTYEKLLWTT SRVLKVLSVC SSMKPATVEA GGMOALGLHL TDPSORLVON CLWTLRNLSD AATKOEGMEG LLGTLVQLLG SDDINVVTCA AGILSNLTCN NYKNKMMVCO
458 460 478 486 498 588 518 528 538 548 558
VGGIEALVRT VLRAGDREDI TEPAICALRH LTSRHOEAEM AQNAVRLHYG LPVVVKLLHP PSHWPLIKAT VGLIRNLALC PANHAPLREQ GAIPRLVOLL VRAHQDTORR
560 578 538 598 608 518 620 638 548 650 666
TSMGGTOOOF VEGVRMEEIV EGCTGALHIL ARDVHNRIVI RGLNTIPLFV OLLYSPIENI ORVAAGVLCE LAODKEAAEA IEAEGATAPL TELLHSRNEG VATYAAAVLF
670 680 698 708 718 728 738 748 758 760 776
RMSEDKPQDY KKRLSVELTS SLFRTEPMAW NETADLGLDI GAQGEPLGYR ODDPSYRSFH SGGYGODALG MDPMMEHEMG GHHPGADYPY DGLPDLGHAQ DLMDGLPPGD
780
SNOLAWFDTD L
| e PEMOS O O O o © o ee
Experimental results
v pisorder [ Disorder ~ Dbserved  Observed  Dbsarved  Disorder | =
b3 Curated i(merge) n Disorder L] [Diserder 1 -
b Missing residues ] Observed  Observed  (@bserved 3
{strict) a o
.. > MobiDB-lite | p | Structure ‘Disorder
Predictions <
Comp. biased (MobiDB- P &
lite)
> AlphaFoldDB P Plddt Plddt r
Sea rC h MphaFold-disorder (RSA) P Disorder Disorder | -

? Domains (merge)

. Domain

prOteI n M5A entropy e e T e
beta- o sccrons @ | e e —
catenin-1 /

80 160 240 320 400 480 560 640 720
Homology

( P3 5 2 2 2 ) . Consensus a Curated Derived n Homology P Predicted @




I Exercise: MobiDB and DisProt

» Search beta-catenin-1 (P35222) on MobiDB. On top of
the protein structure, click on the Disorder tab.

- 1. What kind of disorder annotations are there for this
protein?

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

[=];
[=]

=]

https://take.quiz-maker.com/QJRLDKS59



I Exercise: MobiDB and DisProt

* Go to the Disprot entry linked on top box with cross
references.

- 3. How many different Experimental techniques (indicated
as “Evidence”) were used to identify the presence of
disorder? -

[=]

24 / 31
https://take.quiz-maker.com/QJRLDKS59



Exercise: IDPs and cancer mutations

https://pecan.stjude.cloud/variants/proteinpaint

Searc

Or CTNNB1 {1 001904 EE [Pediatic [[COSMIC [Cinvar |[cviC [+ [Pediarica [PanALL| 1n Out<z %10 | x50 Tracks  More
https://pecan.stjude.cloud/ B e 2 £ = =
> Click in Variants i e g
(bottom-left); i - S
> Click in “Explore l ' 0% L0e- S
Variants”; o R e “““Jf |
> Then you search the  Giokio oneatand [
tab “PROTEINPAINT”,  Visualize types |

T m I} ] I o

Proteinpaint a
webtool to explore
pediatric and adult
- cancer mutations.

You can click on these
to filter the results

¥
cu\ss‘ €D wssense @ rroTenDEL @) SitenT @ nonsense (@) Fusion ranscript @) FRaMESHIFT @) spLicE @) PROTEININS @) SPLICE_REGION


https://pecan.stjude.cloud/

Exercise: IDPs and cancer mutations

4. Go on PECAN at https://pecan.stjude.cloud/variants/proteinpaint and
search for beta-catenin (CTNNB1).Where in the sequence (residue number)
are most of the mutations located in pediatric cancers?

5. In what type of cancer are the mutations common?

Ol A0
- 26 /31

https://take.quiz-maker.com/QJRLDKS59 5


https://pecan.stjude.cloud/variants/proteinpaint
http://dibs.enzim.ttk.mta.hu/search.php

Exercise: IDPs and cancer mutations

https://pecan.stjude.cloud/variants/proteinpaint

Searc Turning COSMIC mutations on

—
CTNNB1 fm_o01904 @R [Pediatric 7] ][ cosmic | ciinvar |[civic [+ ] [ Pediatric2 || pan-aLL |

Or

In | Outx2 | x10 | x50 Tracks More
https://pecan.stjude.cloud/ Pl L+ =+ £ £ £
- - - & 53 O_
63 of 64 ti S33A N
> Click in Variants e gm g
b I ft . 7 datasets [, @D32 G38>D (2 Tzl .f;;f @TiL-THSSL | v
( ottom-le ), 8 éDE;§;‘r‘ s33C@)G34E_, 9537Y R R B =
. . <'= S455Y a = |"‘1
> Click in “Explore i:gm @sssFeeam 9537F9T41A 6:::;,2 :;?.@@ 5
Variants”; R e s T e |
Cancer type distribution = pee
> Then you search the  Ciick to select and
tab “PROTEINPAINT”,  visualize tpes
CTNNB1
NM_001904 it 00 o oo s0d &do 00 |
cCOSMIC IIIIlll!-llll 0 L . 1 A L IIIIIIII]IIIl L1 ILIL I Wi
o1 of 5953 i (L I E® (O © @EEECRW® € (@ (@O (€ (@ EBE (it ®
34 tissue types

i .\:fffffffff.‘_.f_j__-?—‘—?-‘.t:_r_—_;———-________ Number of this type of mutation
77777777777777777777777777777777777 Tissue distribution | e i

. . X 1 /
Proteinpaint a Click to select @32y @SSSC@S3?F@T4 i A@S45F —» Sat position 45
webtool to explore ®oaan

|
|
|
! @533F @5376 becomes F

D32G s 7A T41l
pediatric and adult el e vy 4 Osssr v lick on th
| D32H @;3:;-, @2;;; @T41s @ sdsde OL! can click on these
- cancer mutations. S &= - S - e to filter the results



https://pecan.stjude.cloud/

Exercise: IDPs and cancer mutations

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

« 7. 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?

Ok A0]
https://take.quiz-maker.com/QJRLDKS59 £ i 28/ 31


https://pecan.stjude.cloud/variants/proteinpaint
http://dibs.enzim.ttk.mta.hu/search.php

Exercise: IDPs and cancer mutations
DIBs: Database of Disordered Binding Sites

Structure Summary @ httD //d | bS enZ|m ttk mta hU/SearCh . DhD
Entry contents: 2 distinct polypeptide molecules >GO to P D B 1p22
Chans: A B >Find the chain
Notes: No modifications of the original PDB file. .
corresponding to
e Chama _ Structural status P35222.

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% /

Residues of this chain involved in binding

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

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


http://dibs.enzim.ttk.mta.hu/search.php

Exercise: IDPs and cancer mutations

8. Highlight the most mutated positions in the structure. What evidence is there
for their status (ordered/disordered)?

9. Click in Evidence in the left menu. Can you identify which is the binding
partner? (If you visualize the PDB structure on the top right, you will see that
only one of the partners actually interact with beta-catenin - “orange ribbon”)

https://take.quiz-maker.com/QJRLDKS59 30/ 31


https://pecan.stjude.cloud/variants/proteinpaint
http://dibs.enzim.ttk.mta.hu/search.php
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