Les outils de bioinformatique (du web)
pour la biologie structurale
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Introduction : qu’est-ce qu’une structure ?

Informations donnees par la sequence

Prediction de la structure

Informations donnees par la structure



Qu'est-ce que la structure d'une macromolecule ?

Sequence (1D)
Structures secondaires (2D)

Agencement spatial (3D)

Assemblages moléculaires (4D)
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Qu'est-ce que la structure d'une macromolecule ?

A 3-dimensional description of all atoms
Coordinates (x,y,z) of all atoms of the aminoacids that compose the protein
The quality of the structure depends on the resolution of the experimental
data provided by the method used to obtain it (X-ray, NMR, cryo-EM) j
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Qu'est-ce que la structure d'une macromolecule ?

Pour reprendre la définition de Marie-Héléne LeDu

Sequence (1D), c’est le mot
Structures secondaires (2D), ce sont les phrases
Agencement spatial (3D), ce sont les chapitres

Assemblages moléculaires (4D), c’est le livre

$ 41 .3 1 1

Dynamique (5D), c’est la saga

Valéry et al., Nat. Comm, 2015

Definition : the arrangement of separate Atomic view of the histidine

molecules, such as in protein-protein or R e ment stabilizing
protein-nucleic acid interactions higher-pH conformations of
* Interaction with the environment and pH-dependent proteins

with partners within the cell
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How the sequences
evolve based on the
phylogenetic

distribution

determination based on
physical methods
Sequence determines
structure

—
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Understand the biological
l questions in a 3D perspective
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Sequence determines structure

The aminoacid sequence of a protein
determines its three-dimensional structure

Proteins that share 3 “

sequence identity >25%
are structurally similar

Homology modeling

... And structure is highly correlated
to function

RHQO  KA/NSEAV/RLAEASQDRYG-KD'KK"

2

http://sfld.rbvi.ucsf.edu/django/
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Qu'est-ce que la structure d'une macromolecule ?

The 3D structure of a protein defines
not only its size and its shape but
also its function

nucleoside 1 b
transporter, )
SLip
w3,

Exception
IDPs & IDRs

-~ Ly
" Nl & Antoichibitory
T T Peptide

{Image adapted from: Kissinger CR, et al. 1995, "Crystal structures of human caleineurin and
the human FKBP12-FK506-calcneurin complex.” Nature 378:641-4.)
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Factors determining protein folding

The major driving forces ...

/ .
L i * Hydrophobic effect
e 2 tonic bond: BOBCE/
between oppositely
¢ * H-bonds
, AN . h

Conformational entropy
* lonic interactions...

Charged and polar side
chains are situated on the
solvent-exposed surface
where they interact with
surrounding water molecules

ic effect:
Hydrophobic €
i iy - N‘(’mpo\.\r amino :
acids in the centre of

the protein avoid
contact with water.

X ; idge:
D|su\Ph'd‘ bri
’ A covalent bon!

forms between two 7
cysteine side chains.

van der Waals
forces: Aractive

between atoms
{hat are optimal
distances apart-

Hydrophobic core in which side chains are buried from water
Minimizing the number of hydrophobic side chains exposed to
water is the principal driving force behind the folding process
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Available sequence data in RefSeq

The Big Data era: The Reference Sequence (RefSeq) collection provides
a comprehensive, integrated, non-redundant, well-annotated set of
sequences including genomic DNA, transcripts, and proteins

Accessions complete
—— Species 79 448
100 000 DOO — Total 160 224 355
Accessions
— = Nucleotides
10 000 000 = Transcripts 22 461378
—_ Proteins
110 333 800
1 000 000
100 00O
10 000
2005 2010 2015
14 May 2018
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Available structural data in the PDB

140 591 structures in the PDB : most of the protein
can be structurally studied e.g. the structure exists =’ i
or it can be modelled :
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How to predict a structure

Why predicting a structure?

KVFGRCELAA AMKRHGLDNY
RGYSLGNWVC AAKFESNFNT
QATNRNTDGS TDYGILQINS
RWWCNDGRTP GSRNLCNIPC

In a first approach, SALLSSDITA SNCAKKIVS

DGNGMNAWVA WRNRCKGTDV

depending on the | owmoom
biological question,

numerous sequences can S
be structurally modelled 8
Q.
o
=

E B SRR
)

\ / DOCKING
OF LIGANDS &

ACTIVE SITE
DESCRIPTORS |
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How to predict a structure

Before predicting the structure

Proteins that
share sequence
identity are
structurally similar

(O same function

[ ] different function

Structure similarity (SSAP) score

Pairwise sequence identities (%)
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How to predict a structure

Twilight g 1%
wilight zone C APPLICATIONS
o Studying catalytic
= mechanism
18% 25% e "
| d entite Designing and improving
[ | Il > ligands
u | |
Docking of macr !
prediction of protein partners
50
100 = Virtual screening and
= é‘ docking of small ligands
- Comparable to medium 3 €
resolution NMR, low g 3 - )
resolution crystallography S = D g antibody epitop
= Q
™ - Docking of small ligands, ® S Molecular replacement in
T proteins. s g. X-ray crystallography
g' human nuclecside o
2 60 diphosphate kinase o 230 Designing chimeras, stable,
- crystallizable variants
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2
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= - Molecular replacement in o mutagenesis
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% - Supporting site-directed g Refining NMR structures
=4 mutagenesis. L=
8 - Fitting into low-resolution
5 mouse cellular retinoic %‘ electron density
= 30 acid binding protein | K]
g E Structure from sparse
[77] g D experimental restraints
2 - Refining NMR structures. = 8
) ) 'g 5 Functional relationships
- Finding binding/active sites o 3 from structural similarity
by 3D motif searching. o g‘
° 7]
S
- Annotating function by e S Identifying patches of
fold assignment. = S ved surface r
0 = =
human eosinophil neurotoxin =) Finding functional shtes by
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Sali, A. & Kuriyan, J. Trends

Biochem. Sci. 22, M20-M24 (1999) Baker & Sali, Science 294, 2001, pp. 93-96
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Multiple alignment of complete sequences
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Multiple alignment of complete sequence

Quelles informations peut-on extraire d’une
analyse de séquences ? \

Additional A site L
m A Transmembrane domain \
clerna
| —K—= \
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|
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| = A
\ FAMILY AOOOOL = 3
\ e
1 \i NLS Intra-grovP
. nservatio
. al Universal , col
l‘ lerﬁt:;?'\rl‘;ﬁon between conservation
co! k

\ the two families
1

1 — Homologie de séquences
2 — Inférences fonctionnelles
3 — Organisation en modules/régions fonctionnels et/ou structurés
4 — Architecture tridimensionnelle

5 — Pressions de sélection particulieres

6 — Histoire evolutive
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Introduction : qu’est-ce qu‘une structure ?

Informations données par la sequence

Prediction de la structure

Informations donnees par la structure



Sequence retrieval

The principles

_® Recherche textuelle Data Mining
we) PubMed
'Abt t, K ds, etc...
== NCBI, Uniprot, RefSeq, EBI (Abstract, Keywords, etc...)

w=» Banques spécialisées

_® Recherche par séquence appat (ou consensus)
w=» Programmes de type Fasta, Blast, Psi-Blast, Ballast, Profile
- banques nucléotidiques
- banques peptidiques
- banque séquence primaires des structures

@ Recherche par structure
w=) Programmes de superposition, modélisation

(type VAST, Vector Alignment Search Tool)

h‘—
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Sequence retrieval

NCBI https://www.ncbi.nlm.nih.gov/

RefSeq https://www.ncbi.nlm.nih.gov/refseq/
BLAST https://blast.ncbi.nlm.nih.gov/Blast.cgi
VAST https://omictools.com/vector-alignment-search-tool-tool
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An expert system

EXPASY

Bioinformatics Resource Portal

https://www.expasy.org/
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Basics of protein structure

Compute molecular weight and isoelectric point

http://molbiol-tools.ca/Protein_Chemistry.htm

Amino acid composition, mass & pl

Amino acid composition & Mass — ProtParam tool (ExPASy, Switzerland)

Isoelectric Point - Compute pl/Mw tool (ExPASy, Switzerland). If you want a plot of the relationship
between charge and pH use ProteinChemist (ProteinChemist.com) or JVirGel Proteomic Tools (PRODORIC
Net, Germany)

Mass, pl, composition and mol% acidic, basic, aromatic, polar etc. amino acids - PEPSTATS (EMBOSS)

Biochemistry-online (Vitalonic, Russia) gives one % composition, molecular weight, pl, and charge at any
desired pH

Composition/Molecular Weight Calculation (Georgetown University Medical Center, U.S.A.) - the only
problem with this site is that when run in batch mode it does not identify the sequence by name, merely
sequential number

Batch Protein Isoelectric Point determination - part of the Sequence Manipulation Suite

Batch Protein Molecular Weight determination - part of the Sequence Manipulation Suite

Protein calculator ( C. Putnam, The Scripps Research Institute, U.S.A.) - calculates mass, pl, charge at a
given pH, counts amino acid residues etc...

Computation of size of DNA and Protein Fragments from Their Electrophoretic Mobility (Raghava, G. P. S.
2001. Biotech Software and Internet Report 2:198-200)
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http://web.expasy.org/protparam/
http://web.expasy.org/compute_pi/
http://www.proteinchemist.com/titre.html
http://prodoric.tu-bs.de/proteomics.php
http://www.bi.up.ac.za/cgi-bin/emboss.pl?_action=input&_app=pepstats
http://vitalonic.narod.ru/biochem/index_en.html
http://pir.georgetown.edu/pirwww/search/comp_mw.shtml
http://www.bioinformatics.org/sms2/protein_iep.html
http://www.bioinformatics.org/sms2/protein_iep.html
http://protcalc.sourceforge.net/
http://imtech.res.in/raghava/dnasize/

Intrinsically disordered proteins

Definition (Keith Dunker - Indiana University)

* Many proteins contain regions that lack specific 3D structure
* Some proteins lack specific 3D structure in their entireties under physiological conditions and
yet carry out biological function

IDPs: Continuum of disorder
Different levels of order and disorder

e C X

EEtt Tt N A S o
= N AR Y \ LT S
:L\f - ;_;fr:-s"/ / ! r .1,/'\\}

. . . ' Mostly

. Disordered Disordered Disordered Disordered Wholly Extended
no disorder . . collapsed . .
N- andC- loop linker domain . disorder protein
. protein
termini

Functional disordered segments can be as small as only a few amino acid residues, or they
can occupy rather long regions or ends

Johnny Habchi; Peter Tompa; Sonia Longhi; Vladimir N. Uversky; Chem. Rev. 2014, 114, 6561-6588
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Prediction of order/disorder

Prediction of intrinsic disorder

Database of protein disorder

* these predictors were used to study whole genome data

* disorder increases in example proteomes in the order of

J

multicellular eukaryotes > single cellular eukaryotes > archaea > prokaryotes

 with significant associations of disorder with signaling, regulation, and
posttranslational modification

I
| teri :. Archaea Eukaryotes

6.6% 25%
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Predictions of order/disorder

Algorithms based on the analysis of the sequence
Information associated to solubility often directly related to folding
state, agregation or denaturation and secondary structure

Several servers and programs
http://www.disprot.org/predictors.php

Protein Disorder Predictors

DISPROT http://www.ist.temple.edu/disprot/Predictors.html

DisEMBL http://dis.embl.de /
MEDOR http://www.vazymolo.org/MeDor/
GLOBPLOT2 http://globplot.embl.de/

Foldindex http://bip.weizmann.ac.il/fldbin/findex/
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rediction of order/disorder

MEDOR http://www.vazymolo.org/MeDo

Prediction of regions sensitive to defolding, of potential interacting partners, ...

Database of viral proteins

Its aim is to define modules suitable
for high expression, solubility and
crystallization

VAZyMolO Browser

VaZyMolO Blast And tools Tutorial

VaZyMolO Home Page

VaZyMolO Interfaces provides a BLAST engine and a browser to our module sequence library.

WVaZymolO is a database dealing with viral sequences at the proteic level. Its aim is to define modules suitable for high
expression , solubility and crystalisation. Thus it integrates tools starting from amino acids composition, hydrophobic
clusters analysis, secondary prediction, modelling, homology with solved structures, data mining concerning biochemestry
(function and motifs , active sites , cleavage sites etc). Domains are defined on the structural definition of a domain
(which can fold by themselves and show activity); but a module can be constituted by several domains.

How VaZyMolO is organised 2

Three layers in VaZyMolO

[t i

Codpietd
-~ ,,‘)r.aﬁ
Saemt e [T

D semdie L0

Virions are organised into three layers: surface proteins, matrix proteins, and
non-structural proteins. The VaZyMolO database organisation has been directly
inspired by this organisation and is therefore organised into three layers
reflecting surface (layer S}, matrix (layer M), and non-structural proteins
(layer F).

[ image: Original virien representation with courtesy of PVL Laboratory,
—— Dept. of Biological Sciences, University of Warwick, Coventry, UK.
—

fosumon

How to start 2

There are 2 ways to use the VaZymolO interfaces:

= You can seek for information by using our database browser available from the tab entitled "vaZyMolO Browser”.
Click on a protein name or id to access modular information. Then click on a module to get further details about
it.

= If you already have a sequence of interest, you can use our "VaZyMolO Blast and tools” that will enable you with

the use of several tools for sequence analysis and a BLAST engine against our database that will retrieve

similarities with our data.
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Prediction of order/disorder

Example of a MeDor output

Left descrlptlon label column
l}iam menu

MeDoc-1-P209GIICO3IZ_HUMAN T-cell surface giycoprotein COJ 2eta chain « Homo sapwns Saman)

el {hes
User's conclusions:

1-21 signal peptide

31-51 Transmembrane region
52-164 Disordered region

Status bar

“\Comment panel (filled in by the user)

DisProt entry DPoo20o human T cell glycoprotein CD3 Z chain (P20963)

Les outils de la bioinformatique pour la biologie structurale, Oléron 2018

The sequence is represented
below the predicted secondary
structure elements (B-strands are
represented by blue arrows, and
a-helices are drawn in red)

HCA plot

Peptide signals and TM
domains predicted by
Phobius are highlighted as
red bars and yellow helices

Predicted disordered
regions are represented
by bidirectional arrows
of different colors as a
function of predictors.
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Predictions of order/disorder

Exemple : human nuclear receptors

different programs and a

Laied eI

A W T

EANA W L s

Predictions of disorder using g /”w (“, ” 1l JWU:' Uy WN\I.WJWYW W M\ﬂwmﬂﬂv
vy |l

DisEMBL_LOOPS

multiple alignment of 48

o ab EocdddBct et dEtdEcs i diEcdsEiE
2 2222 FF 2R PRz egeec:e

human nuclear receptors ‘ B ]\ [
:A '
» . I n’ o it «‘«NMM “\ m fb«, L ALY
Transcription factors sensing S —
hydrophobic ligands (steroids, / o
thyroid hormones, ...) regulating ‘ |‘”||l / ||,|h "\; \:"\M [n\/\\f\,f\j\ m ,AM/'\ ﬂiM ||| N A ! IM V‘
gene expression e e L e T e
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Prediction of aggregation

X {3 @\l http://bioinf.uab.es/aggrescan/

LLLClOml http://dis.embl.de/

Prediction of domains with propensity to aggregate

=
-
=
o
F=]
e
o
<
@
B
©
@
(]

Residue

Based on simple physico-chemical principles of
secondary structure formation extended by the
assumption that the core regions of an aggregate
are fully buried

Les outils de la bioinformatique pour la biologie structurale, Oléron 2018
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area_1442669282_0.gif (1750=400) - Google Chrome

bicinfuab.es

29 hotspots

Based on an aggregation-propensity scale for
natural amino acids derived from in vivo
experiments and on the assumption that short
and specific sequence stretches modulate
protein aggregation
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Prediction of protein solubility

http://molbiol-tools.ca/Protein_Chemistry.htm

Solubility and crystalizability

PROSO and PROSO |l - are sequence-based PRO tein SOlubility evaluators which try to answer the following question:
"Which of my cloned proteins have the best/worst chances to be soluble upon heterologous expression?" (Smialowski P et al.
2007. Bioinformatics 23:2536-2542 & Smialowski P et al. 2012. FEBS J. 279: 2192-2200)

ESPRESSO (EStimation of PRotein ExpreS sion and SOlubility) - is a sequence-based predictor for estimating protein
expression and solubility for three different protein expression systems: in vivo Escherichia coli, Brevibacillus, and wheat
germ cell-free (Hirose S, & Noguchi T. 2013. Proteomics. 13:1444-1456)

SABLE - Accurate sequence-based prediction of relative Solvent AccessiBILitiEs,secondary structures and transmembrane
domains for proteins of unknown structure ( Adamczak R et al. 2004. Proteins 56:753-767)

SPpred (Soluble Protein prediction) (Bioinformatics Center, Institute of Microbial Technology, Chandigarh, India) - is a web-
server for predicting solubility of a protein on over expression in E.coli. The prediction is done by hybrid of SVM model trained
on PSSM profile generated by PSI-BLAST search of 'nr' protein database and splitted amino acid composition

SECRET - is a SEquence-based CRystallizability EvaluaT or which tries to answer the following questions:"What is the
chance that my soluble protein will crystallize?" & "Which of my soluble proteins have the best/worst chances to crystallize?"
(Smialowski P et al. 2006. Proteins 62: 343-355)

Surface Entropy Reduction p rediction (SERp) - this exploratory tool aims to aid identification of sites that are most suitable
for mutation designed to enhance crystallizability by a Surface Entropy Reduction approach (Goldschmidt L. et al. 2007.
Protein Science. 16:1569-1576)

CRYSTALP2 - for in-silico prediction of protein crystallization propensity (Kurgan L, et al. 2009. BMC
Structural Biology 9: 50); and PPCpred - sequence-based prediction of propensity for production of diffraction-quality
crystals, production of crystals, purification and production of the protein material (M.J. Mizianty & L. Kurgan. 2011.
Bioinformatics 27: i24-i33)
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http://mips.helmholtz-muenchen.de/proso/proso.seam
http://mips.helmholtz-muenchen.de/prosoII/prosoII.seam
http://mbs.cbrc.jp/ESPRESSO/Submission.php
http://sable.cchmc.org/
http://crdd.osdd.net:8081/sppred/submit.jsp
http://mips.helmholtz-muenchen.de/secret/secret.seam
http://services.mbi.ucla.edu/SER/
http://biomine-ws.ece.ualberta.ca/CRYSTALP2.html
http://biomine-ws.ece.ualberta.ca/PPCpred.html

Prediction of protein solubility

http://omictools.com/protein-solubility-c1306-p1.html

Protein solubility prediction tools

Recombinant protein technology is essential for conducting protein science and using proteins as
matenals in pharmaceutical or industrial applications. Although obtaining soluble proteins is still a major
experimental obstacle, knowledge about protein expression/solubility under standard conditions may
increase the efficiency and reduce the cost of proteomics studies (source text: Hirose and Noguchi, 2013).

oSOL soupimycome  €SOL =
s . . Adatabase on the solubility of entire ensemble E.coli proteins.

Filter by type of tool: Q Program E Database é’ Link to literature

A review of machine learning methods to predict the solubility | £
of overexpressed recombinant proteins in Escherichia coli

Authors: Habibi, N, Mohd Hashim, § 7, Norouzi, A, and Samian, M.R_

QI orieirmnnss |  ESPRESSO O

Abstract: BACKGROUND: Over the last 20 years in biotechnology, the production EStimation of PRotein ExpreSsion and Solubility

of recombinant proteins has been a crucial bioprocess in both__

A sequence-based predictor for estimating protein expression and solubility.

e ccSol O
ccSOL A tool to predict the solubility of proteins based on their physicochemical

properties. — A sequence-based PROtein SOlubility evaluator.

<]

ccSOL omics O

ccSOL A method to perform large-scale solubility predictions of endogenous and
heterologous protein expression in E. coli.
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Secondary structure prediction
Based on the propensity of each aminoacid to form a secondary
structure (helix and strand)

SOPMA

https://npsa-prabi.ibcp.fr/

Alpha helix

Jpred 4

http://www.compbio.dundee.ac.uk/jpred/
PSIPRED

Beta sheet
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Bio'\nformatics Group

Cacre o \
\ .
= ch et 3 prOtein
tein Sequence A“a|ys 'sw?:k*be:‘ alin s o S5
Bverown e pSIPRED Proteln S gl S ST e
rloct i e pye s

Prediction all along the sequence
with a confidence index

cont: JINNNNNRNRNNNINRNRNAREEREND =0 N 0o onlnanlt
Pred:

ter Science
nt Of Compul
UCL Departme

H = helix
E = beta strand
C=random coil
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Secondary structure prediction

Example of a PSIPRED output
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RS ] REERE] ] ][] S]] ]
Fred:

— ) —

Fred: CCCHHHHHHHHHHHHHCCCCCCCCEEEEEECCOCCCHHHHE
BA:

EGENICFEVLDAVLEVHMNKAHGGERTVFRARFSSITOTDI

130 140 130

160
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Secondary structure prediction and more

To go further
PredictProtein Server e e
https://www.predictprotein.org/ —_— —
RN N
p b https://prabi.ibcp.fr/htm/site/web/home/

Toolkit

(H £ Bioinformatics
A /
L Toolki

http:/[toolkit.tuebingen.mpg.de/
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From sequence to structure prediction

HHpred

Homology detection and structure prediction by HMM-HMM comparison

http:/[toolkit.tuebingen.mpg.de/hhpred

rmatics Toolkit

Inst te for Deve ymenta jolo;
i f wvelof | B! Al

Wer\come to the Bioinfo

ty of too or protein sequence analysis Aany tools
Is \
. £ § M !

atics Toolk itisa platf

n-house, 3! several pu jic tools are ¢ erel
h ,and plic too ff

- Mr-’i-compadsom
; jon by HMM H i
— frequent‘y blits and tums it int

homology detection

oB, SCOP) of annotated

A MART, coD ,
cqtotms dels using the ident

for homology model

template picking and Q\,er«-lemp‘ate a nqrmenls
¥ e . B

== o o
P S =

200
o364 ]

HHpred is often used for remote
homology detection and homology-
based function prediction
It runs with the free, open-source
software package HH-suite for fast
sequence searching, protein

threading and remote homology
detection

PcrBi

Oxidored_q63
Pyr_redox?
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From sequence to structure prediction

Organisation in domains

Protein organisation in structural and functional domains

 Conserved part of a protein sequence forming an independent structure that can
evolve, operate and exist independently of the rest of the protein chain

» Each domain forms a compact three-dimensional structure and is often
independently stable and folded

* Many proteins consist of several structural domains
* A single domain can appear in a variety of different proteins

* Molecular evolution uses domains as building blocks, and these can be recombined
in different arrangements to create proteins with different functions

* The domains length varies between about 25 to 500 amino acids
* The shorter domains like zinc fingers are stabilized by metal ions or disulfide bridges

* Molecular evolution uses domains as building blocks, and these can be recombined
in different arrangements to create proteins with different functions

* Domains often form functional units

Les outils de la bioinformatique pour la biologie structurale, Oléron 2018 35



From sequence to structure prediction

‘ Organisation in domains ]

‘ One domain

Multidomain protein
Well separated or
I tightly packed

36

| Two domains |
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From sequence to structure prediction

| Continuous / discontinuous domains |

N C
> domaine discontinu w=) Very difficult to predict
: w=p Very difficult to align when
I o tiny continuous/discontinuous similarity

Exemple : Fem protein family

1 145 317 335

 I——

Domain 2 Domain 1
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From sequence to structure prediction

| Domain prediction and assignation

ww) From the sequence

wep From the multiple alignment e
we» From the structure
wey» From databanks

UNIPROT

http://www.uniprot.org/

Specialized

InterPro

https://www.ebi.ac.uk/interpro/

InterPro provides functional analysis of proteins
‘ - - - agw - -
\ by classifying them into families and predicting
\ . . . . A
1 domains and important sites. We combine protein
\ signatures from a number of member databases
] \

ification ~ ,,zoﬂ i)
A tein sequence analysis & C\aSSﬁ aO g 2%

InterPrO: PIOTET = cmmaren o e 0 e s 25

into a single searchable resource, capitalising on

their individual strengths to produce a powerful
integrated database and diagnostic tool.

InterProScan

https://www.ebi.ac.uk/interpro/search/sequence-search
Les outils de la bioinformatique pour la biologie structurale, Oléron 2018
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From sequence to structure prediction

Integrated databanks

. plam | PROSITE | prodom SMART PRINTS
prcSite ProDom| SMART

Pfam iz & large PROSITE iz a ProCarm protein SMART alloves the FRIMTS iz &
collection of multiple datahase of protein domain database identification and compendium of
SEqUEnCE families and consists of an annotation of protein fingerprints.
alignmernts and domains. automatic genetically mobile

hidden Markow compilation of domains

models covering homalagous

many Comman domains

protein domains.

SuperFamihy PIR SuperFamily m TIGRFAMSs
e

£ A JTIGR

[y L TR S S ]

Superfamily SuperFamily swissprok]
Hew! PIR: SupetFamily SWNSE-PROT TIGRFAMS iz &
SUPERFAMILY iz & (PIRSF) iz a database consists collection of protein
library of profile clazsification of protein sequence families.
hidden Markay aystem based on ertries.
models that esvolutionary
represent all relationzhip of
praoteins of known whole proteins.
structure, based on
SCOP.
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From sequence to structure prediction

| Integrated databanks | Hﬁtzfp'o
b=a
r e Banque de ‘patterns’ [CxxC], motifs, signatures
p N - basé sur la présence des acides aminés
- trés restrictif (nombreux faux positifs)

Banque de domaines baseés sur des alignements multiples
- motifs assez longs liés a la famille alignée
- nombreuses erreurs, nombreux DUF (domains of unknown function)

o

Banque de ‘fingerprints’ susceptibles de caractériser une famille
- proche des signatures (itératifs et combinatoires)
- nombreux motifs tres courts

Banque de domaines homologues définis par des recherches Psi-Blast
- basé sur Pfam, nombreux domaines (3 739 157 / 426 997 with PDB)

PrODOm - trés bonne présentation, facile d'acces

e Protein lomaln L atabase

Banque de grands domaines (>1300) homologues et alignés

mm - annotation, détermination automatique par différentes méthodes

(profile, HMM, Psi-Blast, alignement multiples...)
- distribution par espéce, facile d'accés |

T -
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Sequence retrieval

The principles W3 https://blast.ncbi.nlm.nih.gov/Blast.cgi

Basic Local Alignment Search Tool

Pairwise alignments

Famille de
séguences

de fonctions
connues
Sequence X ou inconnues

Web BLAST
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Sequence retrieval

The principles W3 https://blast.ncbi.nlm.nih.gov/Blast.cgi
< 4

Blast
Sequence X )

—

Relative Entropy
™

Itérations
jusqu'a S |L§ I
convergence L s | Vg Q s

f\tﬂG

cin-protein BLAST) m

o Solet yon
Program S€& cl

a0 rolerated prot

Algorithm

Accelerated BLAST

o Time
p= 20 . .ad Lookup 1\
‘ \aT (Domain Enhanced LO

~=1 TABLAS -

m e

-

42
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Sequence retrieval

Domain enhanced lookup time accelerated BLAST

https://blast.ncbi.nlm.nih.gov/Blast.cgi

Query
IKDLLVSSSTDLDTTLVLVNAIYFKGMW
Conserved Domain
Database

CDD Search @ S

4

Aultiple alignment of CDs

i

’ Compute PSSM I

!

PSSM

!

| (cDD)

Sequence Database K

’ Sequence searchJ <= @

Searches a database of pre-
constructed PSSMs before
searching a protein-sequence
database, to yield better
homology detection

For its PSSMs, DELTA-BLAST
employs a subset of NCBI's
Conserved Domain Database

DELTA-BLAST is a useful program for the detection
of remote protein homologs

\
|

\

Tk

on [=7]
T

e

True positives = 10

T
T

DELTASBLAST Zalleh s smmstind f o
= = =C35-BLAST 3 iter

C5I-BLAST 5 iter
— — = P3BLAST 3 iter
PSI-BLAST 3 iter
DELT&-BLAST
C5-BLAST

Algorithm

e 85T O

o (Accelerate

- B P (ALLE

- e )

. ~roten-protemn BLAST -d BLAST

asty . on-Spec - fterate

s AST (Posit -

pSI-BLAS A c
2 pattern Hit In nated BU AST) BLAST

T (Patie
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Multiple alignment of complete sequences

== |nformation sur |I'organisation en domaines de la protéine
Importance pour la prédiction de fonction, de structure

== Conservation au sein de la famille
residus conserves strictement chez toutes les sequences
importance structurale ou fonctionnelle : motif caractéristique
residus conserves spécifiquement dans un sous-groupe de séquences
résidus discriminants

== Validation de la séquence protéique
detection des erreurs de sequencage, de frameshift
detection des erreurs dans la prediction de la structure du gene
codon initiateur, sites d’épissage exon/intron e

— . phosphorylation
e site

= Aspects évolutifs . B s ik
de la famille a I'arbre de la vie \ ==
notion de transfert horizontal
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Multiple alignment of complete sequences

Exemple : Famille des proteines ribosomales L34e

* 20 * 40 * 60 * 80 * 100
————— MESMKP WRRKYVRTPGGRVVVHFEREKPKIAH—— PMP—YLCPRCMRRVMKEQIRSQIEEG——
———————— WRRKYVRIHHEGRVVIHFERRKPKIAH-— PMP-HLCPKCMRRVMKEQVRAQIMNG——
——————— VVEPGLRS LRRVYRRHHEGSTVVHYERRKPGPAR-— VPRGRPPRVR——RLSKTAKRPE’PYGGVLCSTCLAEMEFEEIAGSS—————
——————— MPAP YRRIYRRTPGGRIVIHYKRRKPGKEK—— PpeeYLCPRCLKRLMIQKARNL-—————
——————— MPEL YKRIFKKTPGGRTVTHYRREKPSKHV—— PpEEYYCSSCARKVFKKEARS ———————

——————— MPSPOORSGHJFRKVEVKLIESGKSTIHYERRKDNIAR-— MEEYLCHKCLESLEKMTIRGIS
MVORLTLR INKRRIVRIMSEGRLVYQYVKIANPT ITPSEZSER--PRMSKRLKTVSETMMEEVLCHSCLRE AFLIEEQ
MVORLTLR INKRRIVRIMSEGRLVYQYVKIANPT ITPSREZSER--PRMSKRLKTVSETNMEEVLCHSCLRE AFLIEEQ

INKRRVVRINZEGRLVYLYVKIMORT IKPSRESER--PRMCRRLKTVT CEVLCHRCLRE
INKRRVVRIMZEGRLVYLYVKHORT IKPS8ESER--PRMCRRLKTVT €EEVLCHRCLRE

MAQRVTER INKIKVVKINZEGI LRAQHVKIMLATR ISTLIRZROY--ATVSKTHKTVSEANMEESRCANCVKE AFLIEEQ
MAQRVTER INKIKVVKINZEGTI LRAQHVKINLATR ISTLREROY --ATVSKTHKTVSRANMEESRCANCVKE AFLIEEQ
MAQRVTYR INRTRIIKMMSENNTIRYLHTIKINLGT IjgR—— IHANEECLSANAVKD AFLIEEQ
MAQRVTYR INKTRIIKMSENNTIRYLHTIKINLGT IjgR—— MEECLSANAVKD AFLIEEQ
MSLRVTYR INKKRLVKIHZEGRLVVQY TKINRGQ Tj=2K - — ANEEECLSPNAVKE AFLVEEQ
MVORLVYRS INOHRIVKIMZEGKLTYQTTKIMRASG)= IPHLIRETEYKRSRLSRNRRTVNRANMEEVLSGSAVRE AFLVEEQ
MVORLTYR INOHRVVKINZEGKLVYQTTKINRASGIEK —— IPHLIRETEYKRSRLSRNRRTVNHANMEEVLSGGAVRE AFLVEEQ

MVORLTYRK
MVORLVYRS

INOHRVVKINZEGKLIYQOSTKIMRASG)= IPHLBRETEYKRSRLSRNRRTVNRIAMEEVLSGSAVRE
INOHRIVKIHZEGKLTYQTTNINRASGIEK—— IPHLIREAEYKRSRLARNERTVNRANMEEVLSGVAVRE
INOHRIVKINZEGKLVYQTTKINRASGIEK—— IPHLIRESEYKRSRLSRNRRTVNRANMEEVLSGSAVRE
INKTRLSRINENRIVY LY TKIMAVGKA VVAVERIZKVL--MRLSKTKKHVOOGLWWLHVRQVCPD
INKTRLSRIMZENRIVY LY TKIMAVGKA VRAVEZKVL--MRLSKTKKHVOPGLWWEFHVAKCVRDRXK

MVORLTYR INKTRLSRIMENRIVY LY TKIMVGKA VRAVIZKVL--MRLSKTQKHV S5 SMCAKCVRDREEKRIAFLTEEQ
-VORLTYR INKTRLSRINENRIVY LY TKIEVGKAIZKS VRPVEIZKVL--MRLSKTKKHV SISA SMCAKCVRDREEKRIAFLTIEEQ
S S K KTPGG
T R RL SN
Q
. J
Y

Exemple de motif : [ST]-x-S-x[KRQ]-x-x-x-x-[KR]-[TL]-P-[GS]-[GN]
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Multiple alignment of complete sequences

| Predictions |

Intégration de ’information dans un contexte de famille

* Moyenne de prédictions des
structures secondaires

* Site de modification

* Localisation cellulaire

* Zone transmembranaire

* Définition des bornes de
domaines pou les études
structurales

* Prédiction de la fonction

biologique

Modélisation moléculaire

* Nouveaux repliements

47
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Multiple alignment of complete sequences

How to obtain a multiple alignment?

Clustal Omega https://www.ebi.ac.uk/Tools/msa/clustalo/
MUSCLE http://www.drives.com/muscle/

MAFFT

http://mafft.cbrc.jp/alignment/server/

PipeAlign2 http://Ibgi.fr/pipealign

Les outils de la bioinformatique pour la biologie structurale, Oléron 2018 e



Multiple alignment of complete sequences

How to visualize a multiple alignment?

Jalview

Geneious

Alscript

ESPript

WebLogo

http://www.jalview.org

http://www.geneious.com/

http://www.compbio.dundee.ac.uk/software.html

http://espript.ibcp.fr/ESPript/ESPript/

http://weblogo.berkeley.edu/logo.cgi

Les outils de la bioinformatique pour la biologie structurale, Oléron 2018
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Multiple alignment of complete sequences

http://Ibgi.fr/pipealign

ate a new session
sequence here e |

Cre
paste your query

- Multiple aligment starting

Jabad .‘c:;;!eg_» fichies ChOSS m one sequence
Choss un
Oruse afie from the server fl

|

|

|

u 1
|
!

[ jon
Restore @ previous sessio
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Introduction : qu’est-ce qu‘une structure ?

Informations donnees par la sequence

Prediction de la structure

Informations donnees par la structure



S :
tructure prediction methods

APPLICAT|ONS

Studying catalytic
mechanism

Designing and improving
ligands

Docking of macromolocum
prod|c\lon of protein partnet

-
Comparative modeling o

2 | . 2 VY §) Virtual screening and
- o f docking of small ligands

Defining antibody epitopes

ive modelin
dentity

o, Sequence ¥

e S
econdary structure prediction

Molecular np\.comcﬂl in
X-ray crv'ulloonphy

> Fold recognition |

Designing chimeras, stable,
cryllnmzabh yariants

Comparat

supporting -llc-dlnchd
mutagenes!

Refining NMR structures

~» Ab initio prediction \\

Threading

Fitting into \ow-rnolullon
electron den ty

=» Tran
smembrane segment prediction

structure from sparse
oxpoﬂmoﬂul restraints

B

Functional relationships
from structural similarity

\dentifying patches of
conserved surface residues

de novo predic\ion

Finding functional sites by
3D motif gearching

Les outils d
e la bioinformati
iformatique pour la biologie structurale, O
e, Oléron 2018

52



Homology modeling

Target sequence

wnycxwunmussnzvuxoccﬂx.wwu\m
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Homology modeling

Considérations pratiques

==) |Lamodélisation par homologie permet d‘obtenir des modéles de trés bonne qualité
1 A de précision sur la position des atomes correspond a :
e Structure cristallographique a 2.5 A de résolution et un facteur R de 25 %
* RMN avec 10 contraintes de distances inter-protons par résidus

m=) | a modelisation par homologie réalisée avec des structures dont les identités de
sequence sont supeérieures a 40 % d’identite donne des résultats equivalents

MAIS

mm) La qualité des modeles est dépendante de I'alignement de séquence
— importance d’un ajustement manuel de cet alignement

m=) L'emploi de templates multiples ameéliore grandement la qualité des alignements,
donc des modeles obtenus

Les outils de la bioinformatique pour la biologie structurale, Oléron 2018 >4



Homology modeling

|-TASSER is the best server for protein structure prediction according to the 2006-2012
CASP experiments

RaptorX excels at aligning hard targets according to the 2010 CASPg experiments
RaptorX generates the significantly better alignments for the hardest 5o
CASPg template-based modeling targets than other servers

MODELLER is @ popular software tool for producing homology models by satisfaction of
spatial restraints using methodology derived from NMR data processing
The ModWeb comparative protein structure modeling web-server uses primarily
MODELLER for automatic comparative modeling

SWISS-WMODEL  provides an automated web server for protein structure homology modeling

Robettz widely used servers for protein structure prediction

SPARIKSX is one of the top performing servers in the CASP focused on the remote fold
recognition

PEP-FOLD is a de novo approach aimed at predicting peptide structures from amino acid

sequences, based on a HMM structural alphabet

QUARK is an algorithm developed for ab initio protein structure modeling
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Structural similarity

I-TASSER (lterative Threading ASSEmbly Refinement) is a hierarchical
approach to protein structure and function prediction

—
—

It first identifies structural templates
from the PDB by multiple threading
approach LOMETS, with full-length

atomic models constructed by
iterative template fragment
assembly simulations

Function insights of the target are
then derived by threading the 3D
models through protein function
database BioLiP

a
T SEM!

. TASSER (lterative Threading AS g
PDB by multiple thread

I-TASSER (as 'Zhang-Server') was ranked as the No 1 server for protein structure prediction in
recent community-wide CASP7, CASPS, CASPg, CASP10, CASP11, and CASP12 experiments

Les outils de la bioinformatique pour la biologie structurale, Oléron 2018 56


https://zhanglab.ccmb.med.umich.edu/casp7/21.html
http://predictioncenter.org/casp8/groups_analysis.cgi?target_type=0&gr_type=server&domain_classifications_id=1,2,3,4&field=sum_z_gdt_ts_server_pos
http://predictioncenter.org/casp9/groups_analysis.cgi?type=server&tbm=on&tbmfm=on&fm=on&submit=Filter
http://predictioncenter.org/casp10/groups_analysis.cgi?type=server&tbm=on&tbm_hard=on&tbmfm=on&fm=on&submit=Filter
http://www.predictioncenter.org/casp11/zscores_final.cgi?model_type=first&gr_type=server_only
http://www.predictioncenter.org/casp12/zscores_final.cgi?model_type=first&gr_type=server_only

Homology modeling

PHYRE2 http://www.sbg.bio.ic.ac.uk/phyrez2/html/page.cgi?id=index

3D-JIGSAW http://www.bmm.icnet.uk/servers/3djisaw/

SWISS-MODEL  RyladoSH/E W 1alele [N (LTI ¢

MODELLER https:/[toolkit.tuebingen.mpg.de/#/tools/modeller
Threading approach

I-TASSER https://zhanglab.ccmb.med.umich.edu/I-TASSER/
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Homology modeling

Phyrez2 is amongst the top performing server in the CASP international blind trials of
structure prediction in homology modelling and remote fold recognition, and are
designed with an emphasis on ease of use for non

=

1
r

experts

£ 5 templates were selected to model your protein based an heuristics to maximise confidence, percentage identity and alignment coverage. Below is a table indicating where your sequence was covered by each
L) v st template, colour-coded by the confidence of the match to that template overall
l 9 e e 1 18 e 29 residues were modelled by ab iniio, Please note: ab initio modelling is highly unreliable.
L) 220 0
<
il / [ = R s eSS

ETRETT 2% dos fleow fur 20 das. A 9%
gAchiA 100% _

2eshA 98%

3 n—-—‘ . ot Ac2mX 6%
ST Confiderce 101 |

200 culfd 8%

00 S40dA. W%
T T

525 %

£4c2mX. 6%

P —

(T e Chetan %

r . 0 - CMildA_ 99%
A7 o s it 30 oo ) T — T

i

SomX 6%

e et = I 01 B S ]
100204 107462 MR 30 view b X C2WEEA a

Mol chmesmiors (A): X 1062 A 95

[T 100%
o T —

e a—

e
-

2 @ o : — y

Phyre Is for non-commercial use only
Commercial users please contact Michaed Stermberg
Please cite: The Phyre2 web portal for protein modeling, prediction and analysss.
Kelley LA e al. Nature Protocol 10, B45-858 (2015){odf] [Citation lnk]

1f you use the binding site predictions from 30UigandSits, please also cite:
IDUGandSite: predicting ligand-binding sites using similar struxtures.
Wass MN, Kelley LA and Stemberg M) Auckst Ackds Research 38, WA69-73 (2010) [BubMed]

Component software

Tompisi deiceere i g’ Imperial College
- & (ondo.

Secondary e

T frl e of your probein (37% modeid af >90% confidernce) b been submited 10 he DL ik server 10 precket potential bindig sFes.

Rests wil appesr Lcus when compicte [y
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Homology modeling

| Template Alignment Coverage Template Information
Pnyre s of
PDB header:cell cycle
Chain: A: PDB Molecule:dna topoisomerase 3-alpha; an d are
PDBTitle: crystal structure of the human topoisomerase iii alpha-rmi12 '
1 cAchtA : complex with bound calcium ion
| Alignment | 5
Iﬁ- Run Investigator
PDB header:isomerase/dna
Chain: B: PDB Molecule:dna topoisomerase 3;
PDBTitle: structure of e. coli topoisomerase iii in complex with an 8-2 base
2 €20598 Alignment single stranded oligonucleotide. frozen in glycerol3 ph 8.0
Phﬂ: Run Investigator
Fold:Prokaryotic type I DNA topoisomerase
Superfamily:Prokaryotic type I DNA topoisomerase
dii7da Family:Prokaryotic type I DNA topoisomerase
3 - Alignment
Phifhe -
<~ Runlnvestigator
2 0 PDB header:isomerase
Chain: A: PDB Molecule:dna topoisomerase i;
. PDBTitle: structure of full length topoisomerase i from thermotoga
4 c2gajA_ Alignment maritima in2 monoclinic crystal form
P h-ﬁ 3 Run Investigator
Fold:Prokaryotic type I DNA topoisomerase
Superfamily:Prokaryotic type I DNA topoisomerase
dimwox Family:Prokaryotic type I DNA topoisomerase
5 —r— Alignment
Phihe .
A Run Investigator
PDB header:hydrolase
Chain: A: PDB Molecule:reverse gyrase;
cAddvA : PDBTitle: thermotoga maritima reverse gyrase, triclinic form
6 = Alignment

P hﬂ: Run Investigator
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Homology modeling

Rosetta Software: The premier suite for macromolecular modeling

The Rosetta software suite
includes algorithms for
computational modeling and
analysis of protein structures.

It has enabled notable scientific
advances in computational
biology, including de novo
protein design, enzyme design,
ligand docking, and structure
prediction of biological
macromolecules and
macromolecular complexes.

tation | Develope! About
Rosetta @ ;‘;_,epré)oﬂ Resources
g Commons ol

cver
Frexible Pepide Doding ¢
AexPepDoct
5.
ex Orientation
of correc protein-protein =
dassifier ’
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Model validation

SAVES http://nihserver.mbi.ucla.edu/SAVES/
ERRAT plot gives which residue

ERRAT http://nihserver.mbi.ucla.edu/ERRAT/ is creating problem in the model

VERIFY3D http://servicesn.mbi.ucla.edu/Verify3D/
ProSA https://prosa.services.came.sbg.ac.at/prosa.php/

RAMPAGE http://mordred.bioc.cam.ac.uk/~rapper/rampage.php

. PROSA:2 really helps in validating the
ANOLEA http :/[melolab. org/ anolea/ protein structure by comparing the global

energy profile of model to energy profiles of
a non redundant set of good quality models

Loop modeling using ModLoop module (Modeller)
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Model validation

https://www.cameo3d.org/

CAMEO

+ Try our BETA! Home ap - Protein Structure QE - Model Quality Estimation CcP- Contact Prediction

™
uAMEO continuous\y evaluate the accuracy and reliability of predictior\s

- Protein Stucture @ = Model Quality Estimation oY= Contact Prediction

280 weeks, 4922 targets, g predictors. 170 weekKs, 23262 structural models, 18 predictors- 12 weeks, 68 targets. 4 predictors.

% Predictions inall categories aré evaluated against reference structures released DY the PDBON 2 weekly basis-

é CAMEO is 2 community project J Join CAMEO today..-

- CAMEO continuousty applies quality assessment criteria established py the protein We invite developers of pfediction methods 10 pan'\cipate inthe continuous evaluation by
structure prediction community- since the accuracy requirements for different scientific registering their servers [REGlSTER]. We also invite developers of scoring and evaluation
app\icaﬁons vary, there is no “one fits all* score. CAMEO therefore offers @ variety of scores methods o suggest alternative scoring schemes. Please contact us directly.

- assess different aspects of a prediction overal , local accuracy, com leteness, etc.
0 ) " (c 98 ¥ P ) of the following groups are registered so far:

A Sali*, L McGuffin *, 1. Schwede *. J. Soeding *. D. Baker*, A Fiser *, M. Sternberg >,
y. Zhang *. C- Eloudas *, S- Tosatto *, J- Xu #, Y. Znhou 7 0. Brock *, B. Wallner *. A

- CAMEO is @ community project - please feel free 1O suggest add'monal/anemaﬂve ways Eloffson *, D. Labudde 7. C. Venclovas * J.Cheng *» 0. Tagtan Bishop *» Y. An-Suei *-
how CAMEO can support users and developers of structure prediction.

Les outils d
e la bioinformati
'm
1formatique pour la biologie structural
e, Oléron 2018

62



Ab initio modeling

Full-chain protein structure prediction server

\ 0.84 A over 39 residues

Robett n CASP-8
de no: o prediction by RO -
je NOVO P

[-F:e;i;(er update ) [Login ]
{Docs | FAGS]

t Queue [ Submit]

{ aueue 11 submit]

ioue«iéi { Shﬁnﬁt] |

e Submit]

Rorat T st
l:kg?emsackrub Server

RosettaDesign Server
Foldit

e
?4?.::': g‘::::)me Folding Project
Rosem@Cloud

R 1t the Rosell oftwar ck gensil m(grm;\\gn)
gsetia S vare pac age (I ng
e (licens!
obetta uses

Robetta 1s available for N

Robetta uses the Rosetta software package

time
ON-CO? MMERCIAL USE ONLY at this U

s 0 ice
[Teﬂ_‘\‘? = f:r:v:f .'.35' ngton
nt © 2011 UNW y

http://robetta.bakerlab.org/

Robetta provides both ab initio and
comparative models of protein domains

Domains without a detectable PDB homolog
are modeled with the Rosetta de novo

protocol

Simons et al. (1997) J Mol Biol. 268:209-225,

Bradley et al. (2005) Science 309, 1868-71

* Comparative models are built from template
PDBs detected and aligned using locally
installed versions of HHSEARCH/HHpred,
RaptorX, and Sparks-X. Alignments are
clustered and comparative models are

generated using the RosettaCM protocol
The procedure is fully automated
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Introduction : qu’est-ce qu‘une structure ?

Informations donnees par la sequence

Prediction de la structure

Informations données par la structure
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Structural similarity

Though all structural similarity algorithms have a similar goal at their
core, there are several different particular applications in biology
today that call for somewhat different approaches

== Matching of protein structures (typically measured in RMSD)

== Protein structure classification

PDBeFold

w Protein Data Bank

in Europe
Bringing Structure to Biology

http://www.ebi.ac.uk/msd-srv/ssm/

@submission Form & pairwise

10 algnment
Query Target
EMBL-EBI Services | Research | Training = About us _
Protein Data Bank
PDBeFold

in Europe
Bringing Structure to Biology

& Share  #, Feedback

. PDBeFold — e
links PDBeFold. Structure Similarity.

" Hame. Suteni your query

o \isualisation . )

o Performance PDBeFold functionality PoBe Fold v2.59, (src3) 14 Apr 2014

o Privacy

o Vversion log

° PDBefold
Links

¢ Comparisons

o Publications

o PDBeFOLD
tutorial T Launch PDBeFoid

o Other links

©BPDBe isa

le PDB archive or SCOP archive

ing Rasmol (Unix/Linux platforms), Rastop (Windows machines) and Jmgl(platform-independent server-side java viewer) oo

PDBeMotif, SCOP, GeneCensus, FSSP, CATH, PDBSUm, UniProt

Po8es)

° PDBePISA
o Ccht
Coorlib

, comments, suggestions and bug reports using the FEEDBACK button on the top of the page.
o Rasmol

°_Rastop
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Structural similarity

== Protein structure classification

CATH / Gene3D .42

http://scop2.mrc-Imb.cam.ac.uk/ http://www.cathdb.info/

Phylogenetic tree of all the existing folds

e A e o= £ o '
o g 3. 7Casses c cfe,g;} @ w 3 Classes
./1\‘ G- ~ > Tl
Globin like S:batieal EF hand o ot B

. ‘ A
% ﬁ% 1395 Plis A ;\{é _{& % 40 Architectures
. -u-lhc.l t - - ¥ = ‘ 9:' S

i T e T .‘t T barrel ’Sa/ndvn\ch\  Roll
o = !
ﬁ g ﬁj § 1962 Superfamilles oL i J7e
e T ! g 1400 Topologies
///1\‘ l‘, .

1‘ ﬂaﬁ;dqm B—laézamase

3902 Familles ]
2700 superfamilles
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Structural similarity

== Matching of protein structures

* DALI
* Combinatorial extension (CE)
* GANGSTA+
* MAMMOTH
* FATCAT

RCSB PDB

AT
PROTEIN P

Visualze ~ Analyze ~

pownload ~

Leam ~

More ~

* ProBiS

* RAPIDO

* SABERTOOTH
* SSAP

* Spalign

* TOPOFIT

* SSM

* TM-Align

* TopMatch

T

3IFZ

crystal struc
the preakage an

Structu

e following st

Description

No structure

ot 8

DNA gyrase

re aval
~ nt results !
angnme

shenwise agorin

p.vae < 0.00
ugnmcanl results

o qate s Of swnzoﬂo

s A protein | Length: =

ubuntt

sented Dy chain

¢ Awnichis 1

i
e for SFZA ‘;,Buwr y
b

sequent

e identical

® Download Files ~

s Oispiay Fles ~
tion core:.
NA gyrase reac
¢ the Mycobacterium wberculosis ONA GY & Help Documentation
ture of the g?‘x:aﬂ o at27A resolution \nfo ‘
and reun yew Table Legend
3IFZ
jlarities for the Entities i PDB o | ¥ oron of the procedure
noia algonthm [1.€ et aie ¥ i
ra\ S|m| a v pocn o o the [FATCAT-194d 3 B i vs. 8 0 anments 1S
e avallable

MM Select Comparison Method — =

Pairwise Sequence Alignment
blast2seq
Smith-Waterman
Meedleman-Wunsch
Pairwise Structure Alignment
JFATCAT - rigid
JFATCAT - flexible
JCE algorithm
JCE Circular Permutation
external server: FATCAT
external server. Mammoth
external server: TM-Align
external server: TopMatch
external server: Dali

—- Select Comparison Method — v
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tructural similarity

= Matching of protein structures

RCSB PDB  Depos Seart Visualize »  Ana Download + Leam » More =
Entity #1 | Chains A B
Description: DNA gyrase subunit A protein | Length: 508
Mo structure alignment resulis are available for 2IFZ.A, JIFZ B expliciily.
These chains are represented by chain 3ILW.A which is 100% sequence identical
I 1pz 92 3p2 2 )
UniProtkB
SEQRES
ATOM
DSSP }'._ U RN T AT Y JJ»J—J . =i - S
poe AL PDP WAL ppp; 3L WAS Cppr:awaAd 8 popaw TEDRSIEW AR POR:IL
pram WPF005 21019 DA Gy ase/l Gpoisormer ase I suburit] AN
Results for domain PDP:3ILWAa v
PDP3ILWAS (chain 1) vs. representatives of ather sequence clusters (chain 2) [+]
Page 1 of1 5« View 1-8of8
Rank Results  Domain 2 Title F-value *  Score Rmsd Leni Lenz “lD YCovl “%Cov2
1 view POP:2XCSBl DNA GYRASE SUBUNIT B, DMA ¢ 00 530.38 2.08 225 203 52 88 98
2 view POP:4I3HAT  Topoisomerase IV subunit B, DNA 1.1E-16 524.57 228 225 209 34 92 =]
3 view POP:AZVUAE Topoisomerase IV subunit A 2 44E-15 378.45 1.43 235 159 34 70 99
4 View PDP:4GFHA! DNA topoisomerase 2 5.36E-T 270.08 315 225 184 15 73 90
5 view d2fcwat Alpha-2-macroglobulin receptor-as 4.72E-4 206.01 3.58 225 105 L] <y 67
& view POP40YDE Computationally designed Inhibitor 6.4TE-4 210.05 6.15 225 17 3 52 100
7 view POP:4GFQA Ribosome-recycling factor 8. 49E-4 188.21 a7 225 1 2 45 a1
8 view PDP:3LF2Aa 4E10_D0O_1131A_001_C (T161) 91E-4 200.09 5.48 225 120 5 48 a0
4 *
QFilter Results & Reload Results Page 1 of1 15 = Wiew 1-8of 5
View how chain 3IFZ B compares with the representative chain PDP-3ILWAa. Select a companison method — Select Comparison Metnod --- -
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Structural similarity

3D comparison - Dali server : : ——
http://ekhidnaz.biocenter.helsinki.fi/dali/

A partir d'une structure 3D, permet de

DA I I - rechercher des repliements similaires
- retrouver des fonctions associees

PROTEIN STRUCTURE COMPARISON SERVER

([ Structural Avgoment Bpmdies 30 Supenmpostion mol Applet ) [ Reset Selection _

About | PDB search PDB25 Pairwise |« All against all = Gallery = References = Statistics = Tutorial Summary

The Dali server is a network service for comparing protein structures in 3D. You
submit the coordinates of a query protein structure and Dali compares them against
those in the Protein Data Bank (PDB). In favourable cases, comparing 3D structures
may reveal biologically interesting similarities that are not detectable by comparing
sequences.

You can perform four types of structure comparisons:

« Heuristic PDB search - compares one query structure against those in the
Protein Data Bank

« Exhaustive PDB25 search - compares one query structure against a
representative subset of the Protein Data Bank

» Pairwise structure comparison - compares one query structure against those
specified by the user

« All against all structure comparison - returns a structural similarity
dendrogram for a set of structures specified by the user

The old server will be phased out eventually.

Citation:

1. Liisa Holm; Laura M. Laakso (2016) Dali server update. Nucleic acids research
44 (W1), W351-W355. Abstract

Holm L, Ouzounis C, Sander C, Tuparev G, Vriend G
(1992) A database of protein structure families with

similar folding motifs. Protein Science 1:1691-1698 From: Dali server: conservation mapping in 3D
Nucleic Acids Res. 2010;38(suppl_2):W545-W549
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Structural analyses

Calculations or estimation of structural parameters that
contributes to protein stability

PROPIKA

VADAR

MarikUs

HotSpot Wizard

roldX

estimation of the pKa values of ionisable aa

structure validation server that allows to calculate volumes,
accessible surfaces, contact surface, ...

analysis and comparison of the structural and functional properties of
proteins

a tool for automatic identification of hot spot sites for engineering of
substrate specificity, activity or enantioselectivity of enzymes

a protein design algorithm that uses an empirical force field. It can
determine the energetic effect of point mutations as well as

the interaction energy of protein complexes (including Protein-DNA)
Stability: prediction of free energy changes between alternative structures
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Analysis of the conservations

ConSurf : Analyse automatique des conservations

http://consurf.tau.ac.il/

Méthode dont la sensibilité est accrue par une
prise en compte des vitesses d'évolution a
chaque position

(Pupko et al Bioinfo 2002)

1 2
M . <.
& — E E

N. Ben Tal, Nucleic Acids

Researtl:h, 2005, Vol. 33, Web Pressmn de sélection e oriservation dans la
Server issue W299-W302 plus importante sur le « E » e des facteurs B du
dans le cas 2 fichier pdb
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Structure and evolution

Analyse des traces évolutives

http://www-cryst.bioc.cam.ac.uk/~jiye/evoltrace/evoltrace.html

Te « Evolutionnary Traces »

(1
.
L
555

|r
£
lv]
<

— X o
£ 30DECA D Patchs colorés = classes d’aa
SSDECﬁlS)
B
X

L4 C33eBeeh Epitope fonctionnel

http://lichtargelab.org/ I

SENEASS AR
a0 ooooooo
R KRR R
XUO  BRZTNNZ

+ 44
Analyse de |'arbre phylogénétique
par partition de classes

Yao, H., ...and O. Lichtarge
(2003) J Mol Biol. 326:255-261
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Structure and evolution

Andreani et al , Plos Comp Biol (2012) &

Principe de la CoEvolution d’Interface B.. .
ioinformatics (2013)

Analyse Statistique - Extraction des caractéristiques > Score de Docking

InterEvScore : Discriminate

co-evolved interfaces

Interfaces with

Evolutionary information Contacts multi-

domaines

Patches

InterEvol .4 | . apolaires
nterEvol: B ,
A \ f(J

~18,000 non-redundant interfaces
among which
~4,000 heteromeric interfaces

G. Faure, et al Nucleic Acids Res. (2012)

Information

http://biodev.cea.fr/interevol d'évolution
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Structure and interactions

PDBePISA i .
s an interactiv
macromolecular interfac:stOOI for the exploration of

.ebi.ac.uk
Protein .uk/msd-srv/prot_int/cgi
S, In prot_int/cgi-bin/pi
terfaces, Structures and Assemb rapisar
emblies

MBL-EBI

8 Protein Data Bank

in Europe
8ringing structure 10 Biology

PISA Query-

(2} Submiss‘on Form = structure Analysis Database Searches

+ PDB entry 3ifz Analyse | View
Coordinate file

@ Analys's 2 amino acid chains and 4 ligands N ASU
Most probable assembly 0 4-mer

process ligands @ MPDZ NA

processing mode Qa0 7

interfaces Monomers. Assemblies.

Be PISA v1.52 [20/10.2014]

spPDBe is2 member of ePDB P B
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Structure and interactions

With PDBePISA, you can:
* Retrieve pre-calculated results for the whole PDB archive
Calculate results interactively for structures uploaded as PDB or mmCIF files that include
* structural and chemical properties of macromolecular surfaces and interfaces
« probable quaternary structures (assemblies), their structural and chemical properties and
probable dissociation pattern
search the PDB archive for particular interfaces formed by structural homologs
search the PISA database of pre-calculated results using a wide range of options, such as
* multimeric state
* symmetry number
* space group
* accessible/buried surface area
» free energy of dissociation
* presence/absence of salt bridges and disulphide bonds
* homomeric type
* ligands
* keywords
« assess the significance (biological role) of macromolecular interfaces
* download and visualise structures, interfaces and assemblies using Rasmol (Unix/Linux
platforms), Rastop (MS Windows machines) and Jmol (platform-independent server-side java
viewer)
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http://www.ebi.ac.uk/pdbe/docs/FTPdownload.html
http://www.rasmol.org/
http://www.geneinfinity.org/rastop/
http://jmol.sourceforge.net/

Structure and interactions

Example: 3IFZ

Crystal structure of the breakage-reunion
domain of the Mycobacterium tuberculosis
DNA gyrase

Session Map (2] (id=275-GE-JGM) . .
Star | Inerfaces. | nterface Search | Interfaces in PDB 3ifz crystal.

Space symmetry group: C 12 1. Resolution: 2.70 A

Monomers

CRYSTAL STRUCTURE OF THE FIRST PART OF THE MYCOBACTERIUM TUBERCULOSIS DNA GYRASE REACTION CORE: THE BREAKAGE AND REUNION

DOMAIN AT 2.7 A RESOLUTION
Interfaces @ [ XML | [View | | Details | | Download || Search |

# Structured = Structure2 interfface  AG AG Ny Nzz Npz  CSS

N, N.. Surface AZ Range Symmetryop-n  Sym.JD N, N.. Surface A° area, A’ kcalimol P-value
1 O B 188 50 22775 0 A XYz 1555 194 49 25980 1941.4 -16.5 @.861 25 12 8 0.419
2 2 A 128 37 25880 0 A XY, Z 2 555 123 37 25880 1227.7 -19.8 8.6a6 12 - 8 8.394
3 oz B 66 20 22775 x B x-1/2y-112-z 4 445 74 23 22775 646.1 S @.761 5 & @ @.000
4 4 B 37 11 22775 0 B -xy,Z+1 2_556 37 11 22775 293.3 -5.8 @.131 8 8 8 8.080
5 5 O B 30 12 22775 0 A XY Z A ZES 29 8 25980 208.4 =0 9.354 3 3 e 9.842
6 6 (O [MPD]B:509 7 1 259 B Xz 1 555 26 14 22775 186.3 -12.1 8.603 1 8 8 8.179
7 7 O [MPDJA:509 7 1 258 T A XYz 1_555 30 13 25880 183.1 -11.6 @.595 8 8 8 @.355
& 8 B 21 9 22775 0 A x-112y-1/2z 3_445 27 1@ 25080 176.5 T @.687 2 @ @ @.000
9 o A 21 - 25888 x A 12 y-112,z+1 4 546 23 9 25080 163.4 -e.3 @.537 1 - 8 8.080
10 18 C B 2 22775 0 A H12y-12-z 4 445 & 2 25980 68.9 0.7 0.868 1 5 e 9.000
11 11 O [NAJAS10 1 125 f A XYz 1_555 12 6 25080 66.@ -8.2 @.0ea ] ] 8 @.251
12 O [NA]B:510 1 125 f B XYz 1_555 12 & 22775 65.6 -8.4 8.6a0 8 8 8 @.251
Average: 65.8 -8.3 @.000 @ @ @ @.251
12 13 @ B 5 22775 0 A x-112y+1/2z 3_455 9 - 25080 55.7 1.6 @.734 1 2 8 8.080
13 14 O B & 3 22775 0 A Xy, Z+1 2 556 5 3 25980 30.8 8.2 9.661 @ e e 9.000

|V|ew | | Details | | Download || Search |
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Predicition of interactions

Ziarie) Ly

https://zhanglab.ccmb.med.umich.edu/services/

H S

e b S,
A Protein-ligand binding site prediction
Introduction: COACH is a meta-server approach to protein-ligand binding site prediction. Starting from given structure of target proteins,
COACH will generate complementray ligand binding site predictions using two comparative metheds, TM-SITE and S-SITE. which
racognize ligand-binding templates from the BicLiP database by substructure and binding-specific sequence-profile comparisons. These
predictions will be combined with results from other methods (including COFACTOR, FINDSITE and ConCavity to generate final ligand
binding site predictions. Users are also allowed to input primary sequence, where I-TASSER will be used to generate 3D models first which
are then fed into the COACH pipeline for ligand-binding site prediction.
References:

= Jianyi Yang, Ambrish Roy, and Yang Zhang. Proteindigand binding site recognifion using complementary binding-specific
substructure comparison and sequence profile alignment, Bicinformatics, 29:2588-2595 (2013). [PDF] [Support Information] [Server]

COFACTOR

-/ Structure-based function predictions
~  Enzyme Commissior Gene Ontology  Ligand Binding Site
Introduction: COFACTOR is an automated method for biological function annotation of protein molecules, based on protein 3D structures.
When user provides a structure model of the target protein, COFACTOR will match the target proteins to the known proteins (templates) in
three comprehensive protein function libraries by global and local structure comparnisons. Functional insights, including ligand-binding site,
gene-ontology term, and enzyme classification, are then derived from the best template proteins of the highest confidence score (C-score)
The COFACTOR algorithm was ranked as the best method for ligand-binding site predictions in the community-wide CASPS experiments.
References:
= Ambrish Roy, Jianyi Yang, and Yang Zhang. COFACTOR: An accurate comparative algorithm for structure-based protein function
annotation. Nucleic Acids Research, 40:W471-W477 (2012). (download the PDF file)
= Ambrish Roy, Yang Zhang. Recognizing protein-ligand binding sites by global structural alignment and local geometry refinement.
Structure, 20: 987-997 (2012) (download the PDF file and Support Information)
» Chengxin Zhang, Peter L. Freddolino, Yang Zhang COFACTOR: improved protein function prediction by combining structure,

sequence, and protein-protein interaction information. Nucleic Acids Research, 45: W291-299 (2017). (download the PDF file and
Support information)
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Prediction of protein-protein interactions

“Here one should remember that any protein fails to execute its

function unless it interacts with other biomolecules”
Ito et al. (2001) Proc. Natl. Acad. Sci. USA 98, 4569

A comprehensive two-hybrid analysis to
explore the yeast protein interactome

) | Rosettadock Prediction of interaction from 2 structural models

] Patchdock Docking based on surface complementarity , easy to use

E Firedock docking protein-protein, easy to use

® ClusPro tops the competition in the latest rounds of CAPRI experiment
i Zdock rigid-body search of docking orientations

&

% HADDOCK Docking With possibil.ity jco implement e?<perirr.1ental data

S (mutagenesis, cross-linking, NMR chemical shift, ...)

E HEX protein-protein docking, webserver also exists

N

Les outils de la bioinformatique pour la biologie structurale, Oléron 2018 7



Prediction of protein-protein interactions

STRING (Search Tool for the Retrieval of Interacting Genes/Proteins)

is a biological database and web resource of known and predicted
protein-protein interactions

ng‘:: STR | N G SZkIarCZYk eta I " 2017 Search  Download  Help  MyData

Welcome to STRING https://string-db.orgl

Protein-Protein Interaction Networks

ORGANISMS | PROTEINS | INTERACTIONS

2031 | 9.6 mio | 1380 mio

SEARCH

The STRING database contains information from numerous sources, including experimental data, computational
prediction methods and public text collections. The resource also serves to highlight functional enrichments in user-
provided lists of proteins, using a number of functional classification systems such as GO, Pfam and KEGG. The latest
version 10.0 contains information on about 9.6 million proteins from more than 2000 organisms.
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https://en.wikipedia.org/wiki/Gene_Ontology
https://en.wikipedia.org/wiki/Pfam
https://en.wikipedia.org/wiki/KEGG

Prediction of protein-protein interactions
I e s o Human network

./.,‘ ST R ' N G Search Download Help My Data

© Viewers > @ Legend > - YT Analysis > EBExports > @ Clusters > @ More @ Less

Basic Settings meaning of network edges m
2 (242 iz coior indicmtes the sype =F & zizn eidece
(& recinest PIicEwe T et P

dshel - pone
Advanced Settings network dizplay mode
=tz pog & nemweok o 2 segls Bmas imaos T et

B mvtw s ([ nenesd s 3 ssaiatie st gk [SVGE roeactes

display simplihoatons
datle structis prryews insde neswoh butie

e dacanected mozes o e retecr

hoeaode e

G Permaink
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Protein thermostability

Effect of the temperature on protein stability

A powerful method is the comparison of mesophilic

and thermostable homologous proteins e M =am T
b= Presence of extra hydrogen bonds and salt i "

bridges in thermostable proteins 100

the protein structure is more resistant to unfolding oo

-y Other factors are compactness of protein - .
structure, oligomerization and interaction strength 50

_ ol
between subunits 30
20

10
’ How to increase the thermostability of target proteins ? 0 .

Optimal Growth Temperature (°C)

-10

Psychrophiles Mesophiles Thermophiles Hyperthermophiles

Design stabilizing mutations

- mutations which truncate loops

- increase salt bridges or hydrogen bonds
- introduced disulfide bonds

Ligand binding can increase the stability

mesophile thermophile
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Effect o '
f mutations on protein stability

ProTherm

http:
tp://[www.abren.net/protherm

The refere
re nce data
stability free energ\t:a:re ;r?lr thperimentauy getermined
changes by mutati peciBRgtet
tations R

Home proTherm pProNIT Blomoioculos Gallery

Go Querview

ProTherm IS a collection of numerical data of rem‘»oo,'nam«: parameters suchas Gibbs free energy change. enthalpy change, neat capacity chanoﬁ.nans‘non remperature etc. for wild type anc
mutant proteins, thatare r'\p:na"l'm .,nderstancmq the structure and stabl ity of proteins naiso contains nformation about secondary structure anac acc < sibility of wild type resicues

expermemal Coﬂd'ﬁOﬂS (pH, \empe'am'e, puffer, ion and protein :o"wcem:aucn: measnlemems and memods used for each data anc activity nformation (¥m and Keat)

overview ProTherm S cross-linked with sequence databases pIRand S Iw\SSPRDT ). structural database (Protein Data Bank functiond database (Protein Mutant Database). an d \nerature datanase
'“.a.s (PuoMed) Moreover the thermod ynamc information 'S integrated with structural and funct onal nformation trough the relationa database. 31DinSaNt The WWW interface enables usersto search
New data pased on various 1ems with different sorting options for outputs and view three cmxensno"va\ structures W th automatica Iy mapped mutation sites and surrounding amino acics For more setall
W about ProTherm, please see hers

Tutorial

Please noe that this database IS under constant ae.ev‘opmen: There will pe changes without priof notice. We welcome your comments and suggesaws 0 improve this database

Home | proTherm | proNIT

| Biomolecu\es Gallery!
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Effect of mutations on protein stability

iIScable

An integrated predictor constructed by using sequence information and prediction results from

different element predictors. In the learning model, iStable adopted the support vector machine
as an integrator, while not just choosing the majority answer given by element predictors

http://predictor.nchu.edu.tw/istable/

H
Tempe[aw'e P
©°C 0-100) (014

rs)
Protein sequence(n0 heade

"

> msm:m:ﬁm““m
AGAPQULEFFSFFCPHOYIPEC L cotaovF IAGTXEEE ™ Clear
mw%&’umm’ EGVRKTTT L OV VY i
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FUVKSLVAQQEK:

Reference

AUTO-MUTE

Stable
CUPSAT :
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. Mutant2 0 SEQ  svM helx 073343
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- 31 ed 0
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E. coli DsbA
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Conclusion

~ Always perform a multiple alignment of complete
sequence before structural studies

~ Try to extract the maximum of information from the sequence

- Doing a model by homology always helps before structural
studies

— This course is clearly non-exhaustive...
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