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1. The team fi Inserm

Insmututlonl
de la santé et de la recherche médicale

Unit INSERM UMR 1134 — Red Blood Cell Integrated Biology (BIGR)
http://www.u665.1nserm.fr/lang/en

Team n°2 - Structural Dynamics and Interactions of
Biological Macromolecules (DSIMB)

http://www.dsimb.inserm.fr

333@ @DSIMB_Lab

Other 3 teams are (wet) experimental ones.
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Institut national
de la santé et de la recherche médicale

Associated to University Paris Diderot, Sorbonne Paris Cite

DIDEROT

PARIS
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I. Theteam  universit s @ = i ST i Inserm
des Antilles ¢ UNIVERSITE DE ‘22 3 N . sttt naions
LA REUNION xQ ! 3 . de 1a santé et de la recherche médicale
‘ouvrir aux mondes E e ERcHE
\

Pr. C. Etchebest (Pr. Univ Paris Diderot, HDR)

Pr. F. Cadet (Pr. Univ Réunion, HDR)

Dr. A.G. de Brevern (DR INSERM, HDR)

Dr. J.-C. Gelly (Ass. Pr. Univ Paris Diderot, HDR)

Dr. F. Gardebien (Ass. Pr. Univ Réunion, HDR)

Dr. Ph. Chartron (Ass. Pr. Univ Réunion)

1 Ing Univ Réunion, 1 Ing Univ Paris Diderot,
1 Ing INSERM,

1 ATER - 7 PhD students
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>ITB3 HUMAN Integrin beta-3
MDSSNVLQLIVDAYGKIRSKVELEVRDLPEELSLSFNATCLNN
EVIPGLKSCMGLKIGDTVSFSIEAKVRGCPQEKEKSFTIKPVG
FKDSLIVQVTFDCDCACQAQAEPNSHRCNNGNGTFECGVCRCG
PGWLGSQCECSEEDYRPSQODECSPREGQPVCSQRGECLCGQC
VCHSSDFGKITGKYCECDDFSCVRYKGE. .

sequence
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>ITB3 HUMAN Integrin beta-3

MDSSNVLQLIVDAYGKIRSKVELEVRDLPEELSLSFNATCLNN <
EVIPGLKSCMGLKIGDTVSFSIEAKVRGCPQEKEKSFTIKPVG V
FKDSLIVQVTFDCDCACQAQAEPNSHRCNNGNGTFECGVCRCG Stru cture

PGWLGSQCECSEEDYRPSQQDECSPREGQPVCSQRGECLCGQC
VCHSSDFGKITGKYCECDDFSCVRYKGE. .

A

function

sequence
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dynamics
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Contacts
About Method
Exampla
Download
DSIMB

PredyFlexy : Flexibility and Local Structure prediction from

sequence

Introduction

Tis server s desigred to predict kel proten orppen
amauance. Remfox can b visalised at the aming acd bevel Uamigh # table. snd genghice.

Protein Local Structure Prediction

B % rew odmitied that the folded siste of prcteins

Orientation and Evaluation of Membrane Proteins

[Mutorial] [Downioad

Protein structure:  Chols o fitier aucun fictir sé.

Mambrane assignment parameters:

Alpha-helical (7 Beta-sheet

Coarsa-grained
Advanced options €

Skip memarane assignment (only evaluate)

TH segments positons:

woses | mmeanpe | Am. 3

srucyes snd

2 the nstivd 3D stwewre, can be
ol

>ITB3 HUMAN Integrin beta-3
MDSSNVLQLIVDAYGKIRSXVELEVRDLPEELSLSFNATCLNN
EVIPGLKSCMGLKIGDTVSFSIEAKVRGCPQEKEKSFTIXPVG
FRDSLIVQVTFDCDCACQAQAEPNSHRCNNGNGTFECGVCRCG
PGWLGSQCECSEEDYRPSQQDECSPREGQPVCSQRGECLCGQC
VCHSSDFGKITGKYCECDDFSCVRYKGE. .

sequence

Aexibitty trom s

This web server' combines the
aigorithm for positioning protein structures
in the lipid bilaye and the

statstical potential for the structural

and low-resolution mocels.

iroste , Ghowzam ¥, Gely XC. Boinformates
016 3137823785 8

Shontc G, Ghouearm Y, Guiroud Y, Gelly 3. PEDS.
(0162987926

Srostc G, Ghauzam Y, Gelly JC. Bochimie (201
nsiss 1619

s nserm UMR_S 1134, Uslv. aris Diderct, Sorbonne fhris

A

Methodological
developments

[0} 1To! N[ mm—p— U VR [ -

ORION (Optimized protein fold RecognitlON) is 2 sensivitve method for protein template detection. ORION is based on a profle-profile
approach tha relles on a better descrption of the local protein structure to boost distantly proteln detection. These descriptors called
Protein Blocks (P8) encodes a structural alphabet defined by 16 folding patterns that descrbe accurately local protein structures (de
Brevern et al. 2000)

Submit prediction
Submit 2 protein sequence for predicion.

FASTA format or in plai -file or
below. Sequence must be no longer than 1000 fesidues and mare than 15 residues

Sequence for Predicton

[E——
ﬁ

13
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B3 HUMAN Integrin beta-3 1y NG 724 / -
.DSSNVLOL VDAYGKIRSKVELEVRDLPEELSLSFNATCLNN < 3
PGLESCMGLKIGDTVSFSIEAKVRGCPQEKEKSFTIXPVG ¢ - . A
Q"FDCDC CQAQAEPNSHRCNNGNGTFECGVCRCG
ML SOCECS DS SOUDRCSPREGOPYCSGRGECLCRE structure o=
rCRSSOPQNT G YCECDV A
.
function
sequence :
)
¥ *"
¥ o

Labex GREX

Methodological
developments
and applications

Red Blood Cells
(transfusion, platelets)
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2. The different webservers, databases & tools
http://www.dsimb.inserm.fr/tools/

13 webservers
9 databases
77 tools

Dynamique des Systémes et Interactions
des Macromolécules Biologiques

Teaching nposium  News  Contact

Ressarch

Pecple  Publications

Presentation

Webserver

OREMPRO

A0k for 1he SiTuctIrat 385858MANt of Protn rANSMEMBIaNa domains,

ORION
ORION {Optimized protein foid RecognitiON) 15 & sensitive method for protel tempiats detaction.

IPBA
PBA Is 2 100! for protedn structures mining and superimposition basad on similarity in te loca! backdone conformation

MulPBA

Protein Block Expert (PBE)
‘Web-based protain structure analys:s sarver using a structural aiphatet.

PredyFlexy

PrecyFiexy predicis from the sequence: (I) the senas of Long Structural Prototypes (LSPs), 8 sophisticated structural
alphabet and (§) the proten flaxiolity, this Iast being defined from data coming from X-ray structures and molecular
dynamics simudation

VLDP
VLDP wabsarver s designad 1o detarmine protein contacts, accessibity and residue voluma using Laguerre diagram.

SWORD

A partitioreng aigorithm capable of producing multiple alternative doman assignments for 3 given protein sTUGture.

mUIPBA i an affcient 1001 for comparnison of proten structires basac on similarity In the local backbone confommation.

Frangas

&3 English

EJ News

Recrutemant dun ingéniaur 6 June 2017
Paur information, un poste a'ingénieur
Féwde et disponible dans Féguipe
DSIMB, void la fiche de poste 8ss0Gé |
POF téiechargeabie icl

Tne IRNH meeting (Intematioral Research
Natwork on Hematology) . Unwersits
Sorbonne Pars Cité — Université de Sdo
Paulo will take place at INTS mesting room
on March 7, 8 and 8 mars 2016. INTS - 6,
rue Alexandre Cabanel - Paris 15&me
Frae entrance More informaticn and
program on ine symposium page.

PhD prop G
GE1BCton, CNEMACtenZENon anC compat
of molecular inaracticns. 18 June 2015
Background: DIscovery of novel DIoactive
molectes (Dologics anc small chemical
entities) is 2 compiex endeavour anc
generally invoives several years of
regearch and development. Duriryg tis
GISCOVBTY DroCess several proparties of
3uCh malacular candidates navs 10 be
optimized towards vanous andpaints. such
2= actvity vs a therspeutic targat, ADMET
propedies, phamacoidnetics without
speaking about puative [

ison

Samwary on Protein-protin reeractions
—

15
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[. The specific case of transmembrane protein structural
model

Structural
model

sequence
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oV

ownioad MAIDEN

Postic G, Ghouzam Y, Gelly
JC (2015) An empirical energy
function for structural
assessment of protein time

1KQF

transmembrane domains. 1062

1QD5

Biochimie. 115:155-61. =

1UUN
1XKW

Introduction

2F93
2FGQ
2GR7
2HDI
2358
23J7A
2MPR
204V

Training set

2VDF
2W2E
2WIR
2WSW
2X27
2X55
2X9K
2X0V

3EMN
3GIA
3GP6
3HD6
3KVN
3M73
3N5K
3PCV

3szv
3TDS
3T1J
3TX3

3Vsu
3vys
3wW54
3WBN

4AL@Q
4AM]
4DVE
4DX5
4E1S
4EIY
4ENE
4EZC

s

o mk %

;W =

= W OE

MAIDEN (Model quality Assessment for Intramembrane Domains using an
ENergy criterion) is a statistical potential (or pseudo-energy function)
optimized on native membrane protein structures. (http://www.dsimb.inserm.fr/
maiden/)

w81

e =
‘h-g‘;
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HPMScore a specific transmembrane protein learning to select best
structural model. (http://www.dsimb.inserm.fr/dsimb _tools/hpmscore/)

HOME  ABOUT EXAMPLE =~ CONTACT

Introduction

Transmembrane proteins are essential proteins implicated in many major biological and pathological
processes. Nonetheless, due to experimental difficulties, the number of avalaible membrane protein
structures remains limited. Hence, building and assessment of protein structural models are complicated
tasks. HPMscore is a dedicated tool designed to score membrane protein structural models.

HPMscore was extensively tested using the HOMEP2 database as a reference; it proved its efficiency being

Esque J, Urbain A’ EtChebest more discriminative than the other available tools.
The principle of the algorithm is detailed in the documentation page.
C, de Brevern AG (2015)

HPMscore (list of models in an archive)

Sequence-Structure

b : b Upload one archive containing all your pdb files of containing the models of one protein. The archive must be
relationship study in all-alpha s meiemi g »
transmembrane pI'OtelIlS USlng Each PDB file will be processed to keep atom coordinates, only the first chain will be analyzed. Please be

sure to have valid pdb files prior the upload.

an unsupervised learning
approach. Amino Acids.
47(11):2303-22 for v.1

Click on the DEMO button for a demonstration of the web service for each input.
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[. The specific case of transmembrane protein structural
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Embedded
In bilayer

Structural
model

sequence
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40 ANVIL (Assignment aNd VlIsualization of the Lipid bilayer) is aimed at
assigning membrane boundaries to a protein 3D structure. (http:/
www.dsimb.inserm.fr/dsimb_tools/anvil/)

Postic G, Ghouzam Y, Guiraud
V, Gelly J-C (2016) Membrane
positioning for high- and low-
resolution protein structures
through a binary classification
approach. Protein Eng. Des.
Select.. 29: 87-92.

ANVIL

Assignment aNd Visualization of the Lipid bilayer

ANVIL is aimed at assigning membrane boundaries to a Step 1
protein 3D structure, by using the spatial coordinates of the

alpha carbons. It can also process coarse- grained models \
of protein structures. The algorithm follows an approach
that treats the problem of membrane assignment as a
binary classification. The software is implemented in
Python and intended to be run with the PyPy interpreter. In

output, ANVIL writes a PDB file that contains the
coordinates of the membrane, which can be visualized with
softwares, such as RasMol or PyMOL. The ANVIL source Step 2

code is freely available under a CeCILL License. = ’ & 5
Download ANVIL '

© Copyright G. Postic & J-C.Gelly, 2015

VAV
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Postic G, Ghouzam Y, Gelly J-C
(2016) OREMPRO web server:
orientation and assessment of
atomistic and coarse-grained

structures of membrane proteins.

Bioinformatics. 32:2548-2550

OREMPRO A tool for the structural assessment of protein transmembrane
domains. (http://www.dsimb.inserm.fr/dsimb_tools/OREMPRO/en/index.php)

dsimb.inserm.fr

Web Tools » DSIMB OREMPRO: 2 web server for positioning and assessirg membrane proten stru

OREMPRO

Orientation and Evaluation of Membrane Proteins

Tutorial] [Download]
This web server' combines the
algorithm for positioning protein structures
Protein structure: Cholsr le fichler aucun fichier sél. in the lipid b‘[eygrz and the

stanstical potential for the structural
assessment of protein transmembrane
Membrane assignment parameters: domaing®, Both methods are based on the
sole coordinates of alpha carbons, which
Alpha=halical (5) Bate st makes OREMPRO able to process both high-
Cearse-grained and low-resolution models.
Advanced options 4 ‘postic G, Ghouzam Y, Gelly JC. Bioinformatics
(2016) 31:3782-3785 &
Postic G, Ghouzam Y, Guirsud Y, Gelly IC. PEDS
(2016) 29:87-92 ¢
Skip membrane assignment (only evaluate) — ORI Gy Shouzam Yo LY | Dlachizse; (D13}
115:155-161 &

TM segments positions:

Run exampla Atom. <

® 2016 Guillaume Postic M, Yassine Ghouzam and Jean-Christophe Gelly h’; Inserm UMR_S 1134, Univ. Paris Diderot, Sorbonne Paris Cité

21
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sequence
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DSIMB webservers

TMPL. A database of transmembrane protein structures (a-helical and B-
sheet) positioned in the lipid bilayer. (http://www.dsimb.inserm.fr/TMPL/).

Postic G, Ghouzam Y, Etchebest
C, Gelly J-C (2017) TMPL: a
database of experimental and
theoretical transmembrane
protein models positioned in the
lipid bilayer. Database, 2017,
bax(022.

Home Search Browse Deposit Download Help Contact

S .. Welcome to the TMPL database
‘_} ‘) ﬂ' P Transmembrane protein Models Positioned in

® _» B % the Lipid bilayer
[ < <4

222N

The TMPL database! contains 3D structures of transmembrane
proteins with bilayer boundaries assigned by the ANVIL algorithm?
and represented by two planes.

The structural quality of the transmembrane domains delimited by
ANVIL is evaluated with the MAIDEN statistical potential®; both
methods are available through the web server?.

The molecular structures in TMPL are i) either atomistic or coarse-
grained representations of proteins, and ii) either theoretical or
experimental models.

!postic G, Ghouzam Y, Etchebest C, Gelly JC. Database (2017) dol:10.1093 @
2postic G, Ghouzam Y, Gulraud V, Gelly JC. Protein £ng Des Sel (2016) 29:87-92 &
*Postic G, Ghouzam Y, Gelly JC. Blochimie (2015) 115:155-161 @

Statistics

« Native structures: 997 e Predicted models: 10,170
- Alpha-helical: 830
-~ Beta-sheet: 167

* Martinized: 1,039

« Pfam domains: 729
« Deposited models: 2

Users have the possibility of adding new entries to the TMPL
database, by uploading protein structures orientated in the lipid
bilayer. This can be achieved by using either available membrane
protein structures (native or predicted), or new theoretical
models, such as those that users can generate with the

web server3:®,

“postic G, Ghouzam Y, Gelly JC. Bloinformatics (2016) 32:2548-2550 @
SGhouzam Y, Postic G, de Brevern AG, Gelly JC. Biolnformatics (2015) 3
SGhouzam Y, Postic G, Guerin PE, de Brevem AG, Gelly JC. Scl Rep (2016)

23
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II. Analysis of protein structures.

24
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VLDP. A webserver designed to determine protein contacts, accessibility

and residue volume using Laguerre diagram. (http://www.dsimb.inserm.fr/

dsimb_tools/vldp/)

Esque J, Leonard S, Oguey C,
de Brevern AG (2013) VLDP
webserver: a powerful
geometric tool for analysing
protein structures in their

environment. Nucl Acid Res.
41:W373-378.

HOME

ABOUT EXAMPLE CONTACT

Intreduction

VLDPw:

PDB data

e this form o upload a cha

Protein Data Bank uploader

P8 identifier & Chain : 17BN

Stick the chain label (A, 8, C, ...) to the end of the PDE identifier.

Input Flle

Upload a PDB file and enter the chai

Personal PDB file

Filenarme: | Choiar o fichior

and Christaphe Oguey (LPTM, CNRS, Univ Cergy-

nt has been done by Syhain Leonard

in from the Proteln Data Bank. Input can 3

in IDs.

Bueun fichior sél. chain
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w@“ PolyPrOnline. Polypronline is a webserver dedicated to the assignment of
PolyProline II helices (http://www.dsimb.inserm.fr/dsimb _tools/polyproline/).

P!ewccv higher than expected, and they col

Am qo(f;u:- at fimits the study of PPl is that s sssignment cannot asly. The purposs of PolyerOnine databose and server is to identify and
analyse PPl in protein strud lmurnamscnusufr endly inkerface fo erccumge o ny:!m

Chebrek R, Leonard S, de
Brevern AG, Gelly J-C (2014)
PolyprOnline: polyproline
helix II and secondary
structure assignment database.
Database. 2014:baul02.

You can start a search in Paly@rOnilna databasa | datals about the diffarant functianalites ploasa go %2 How o section

When usng this wensite and database, please cte. Chebrek R, Leonard S, de Brevem AG, Gely J-C {2014) PolyprOnine: palyproline helix # and secondary
ﬂm@maaﬁq nmant database JAT BASE (OXFORD) ; Now 7;2014 [pmict 28080 775],

Database statistics
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M PTM-SD provides an access to proteins for which Post Translational
Modifications are both experimentally annotated and structurally resolved
(http://www.dsimb.inserm.fr/dsimb_tools/PTM-SDY/).

dsimiinssrm fe

PTM STRUGfURAL DATABASE

BROWSE DATABASE TO0LS CREATE YOUR DATASET CONTACT LINKS

Craveur P., Rebehmed J., de
Brevern A.G. (2014) PTM-SD:
a database of structurally
resolved and annotated post-
translational modifications in

proteins. Database. 2014:
bau041.
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Protein Peeling 1, 2 & 3. An approach for splitting a 3D protein structure
into compact fragments (http://www.dsimb.inserm.fr/dsimb tools/peeling3/)

Protein Peeling 3 D
Splitting a protein structure into proteins units and domains

| Menu Peeling a protein
ey This mathea take an ingat pela 1o
| About method
| Example of Browse for your 30 stroctuss Elle (pdb flle format):
Contacts Choiir be ficior  sucen fichier aé
4 Announcement Mote thet dats alder than 7 days ace deleted
options
Pruse trew . You = ta EY cus-wffi0s]

Choose  wpecHfic R-valoe |

Minbenal size of proten unst 1
Minienal aize of sccondery sSErueTures ©
Take (nto aecount valy repulee
wecomiary structare for Peeling |
Cut-off distance betwoen atam :

Delta parameter in logistic fanction ¢

Maxisaal size of protein unk |

Gelly J-C, de Brevern AG (2011)
Protein Peeling 3D: New tools

for analyzing protein structures. b :
Bioinformatics. 27(1):132-3. | R

References
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ﬁc,b

Postic G, Ghouzam Y, Chebreck
R, Gelly J-C (2017) An
ambiguity principle for assigning
protein structural domains,
Science Advances. 3(1):
e1600552.

Select a protein stucture:  PD8 code | 114 A
or submit & coordinate file:
aucun fichier sél. chain| A

Choisir le fichier

Proceed

A

|
£ & -
S ' .
S
Lysozyme (1lys)

Three domains (optimal)
1-39 40-98 99-129

The SWORD' partitioning algorithm
multiple altemative domain
structure. This unique approach
ca otein structure partit

1S. The decompositio:

SWORD. A partitioning algorithm capable of producing multiple alternative
domain assignments for a given protein structure (http://www.dsimb.inserm.fr/
sword/)

assignments for a given protein

is achieved through the hierarchical clus g of Protein Units?

which are evolutionarlly preserved”

intermediate size, between secondary structures and domains.

Lysozyme (1lys)
Two domains (1st alternative)
1-39:99-129 40-98

Lysozyme (1lys)
Two domains (3rd alternative)
1-98 99-129

is capable of producing
d at treating ambiguous
vhich can admit several

re into domains

structural  gescriptors  of
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III. Protein families and functions.
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KNOTTIN. The reference database on protein knottin structural properties.
(http://www.dsimb.inserm.fr/KNOTTIN/).

Postic G, Gracy J, Périn C,
Chiche L, Gelly JC. (2018)
KNOTTIN: the database of
inhibitor cystine knot scaffold
after 10 years, toward a

systematic structure modeling .

Nucleic Acids Res. gkx1084

KNOTTIN BROWSE  SEARCH  TOOLS  BIBLIOGRAPHY  DAR

Welcome to the KNOTTIN database

What are knottins?

* Knottins are small disulfide-rich proteins characterized by a very special "disulfide through disulfide knot”

+ This knot is achieved when one disulfide bridge crosses the macrocycle formed
by the two other Ify and the inter cting backbone

+ The knot implies that knottins contain at least 3 disulfide bridges

+ The structural family of knottins have the disulfide between cysteines Ill and VI
(blue) going through disulfides [V and II-V (green) \
+ The growth factor cystine knots also contain a knot but the connectivity is ,//\ 7
different and they cannot be superimposed onto knottins. These proteins belong (

to a distinct structural family not described in this site.

« Knottins are sometime refered to as "Inhibitor Cystine Knots"

Knottins Lf

Updates

- June 2017
Major update of the KNOTTIN database
+ hadition of thecreticel 30 models
h Jsmol
of the web interface

« February 2014

The KNOTTIN database is available

We had to stop the server for technical
reasons. ItIs now avallable again.

Please let us know about any trouble you
could encounter with this server

Alsa note that we are currently working on
the next update of the database

Thank you for using KNOTTIN!
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¢
M RESPIRE. The database aims at providing a comprehensive structural view
of the Red Blood Cell protein content. (http://www.dsimb.inserm.fr/respire/).

< 1 dsimb.inserm.fr

¥ieb Tools » DSIMB Repostory of Enhanced Stractures of Prateins Inuivea In the Fed Blaod Cell Enviranment

RESPIRE  Search~

Welcome to RESPIRE

to the itory of Enh d Structures of Prateins Involved in the Red
Blood Cell Environment. This database alms at providing a reference, ordered and
protein-driven information on proteins available in the erythrocyte,

You will find on this database annotations for proteins detected in the latest
differendation stages of erythropoesis. To help in finding useful content, reference
external databases are queries regularly and then RESPIRE methods allow the
integration of both this data and of additionnal processing Inte dedicated pages, one
per protein (See Documentation For detalls).

With a combination of structural information, clinical information and links to reference
external databases, It simplifies the access to access to RBC components for blologlsts,
clinicians and structural biologists.

The protein structures presented in the carousel display models produced by the
DSIMB laboratory For some protein of interest.

Start browsing the database by clicking an image in the carousel, by using pre-set
searches in the Queries dropdown menu, or by searching by protein name, gene name
or uniprot identifier in the top search box. Many links are also provided in protein
entries to propose alternative browsing Facilities.
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RESPIRE' RESPIRE  Search~ Documentation  Statistics Contact History _

Atypical chemokine receptor 1

The protein contains 336 amino acids for an estimated molecular weight of 35553 Da.

Domains Structure Interactions Gene Ontologies Genetics (OMIM) History Links
B . 5 o0 OicooenBioers B ws Osmss B oi@unmniSie d0unais e 10D
SYGVNDSFPDGDYGANLEAAAPCHSCNLLDDSALPF ILT VLGIL STVLFM FRPLFRWQLCPG
go....5....0....5....0....5....0....5....0....5....0....5....0....5....200
CSLGYCVWYGSAFAQ GCH LGAGQVPGLTLGLTVGIWGV ALLTLPVTL SGASGGLCTLIYS
R R | T e § Koo, SR ) (r . S PRSPt SRR | pei e SRSt | [omelt e (1 )]
KGLKKALGM PGPWMNILWAW IFWWP GVV GLDFLVRSKLLLLSTCLAQQA DLLLNL EA AILHC A
0. ...5336
*LD KS

Protein coevolution profile (FreeContact) Muttiple Sequence Alignment (Muscle)

Duffy Antigene / Receptor of Chemokines as modelled @DSIMB
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3. Protein structure analysis, prediction and flexibility in the
light of a structural alphabet
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» That’s the only data we have

helix
(1/3 of residues)

% i

(1/5 of residues)
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> Another vision

Secondary Structures Structural Alphabet
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» Structural Alphabet (SA):
Structure approximation (3D -> 1D)

>1531
ZZmnopfklpccebjafklm
mmnopabecjklmmmmmmmm
mmmmummmmmuummmmnopa
fklmmmmmmmmnooolapeh
iafkopagcjkopafklmcc
ehj f k1mk ]l mmmmmmmmmmm
mmmmmmmmmb ¢ £ k 1 mmmmmm
mmmmnomklmnbfklmgoia
hi ]l mmmmmmmmmmmmummno Z
Z

PB Sequence

de Brevern AG, Etchebest C, Hazout S (2000) Bayesian probabilistic
approach for predicting backbone structures in terms of protein blocks.

Proteins. 41:271-287 37
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)y HHHHHHHHH
‘ HHHHHHHHHHHHHH

>153L [secondary structures]

HHHH HHHHHH HHHHHHH
HHHHHHHHHHHHHHHH HHHHHHHHH
HHHHHHHHHHHHH
HHHHHHHHHHH EEEEE

h i I mmmmmmmmmmmmmmno 7 7

>153L [structural alphabet]

zZmnopfklpccebjafklmmmnopabecjklmmmmmmmmm
mmmmmmmmmmmmmmmmnopa f k lmmmmmmmmnooolapgeh
iafkopagcijkopafklmcceh]fklmklmmmmmmmmmmmm
mmmmmmmmmb ¢ £ k ImmmmmmmmmmnomkImnbfklmmgoia
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Pr. Serge Hazout

de Brevern AG, Etchebest C, Hazout S (2000)
Bayesian probabilistic approach for predicting
backbone structures in terms of protein blocks.
Proteins. 41:271-287

16 Protein Blocks
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Similarity detection?

>2aak

z z £ k1l mmmmmmmmmmmmmcceh
iacdddfkbmkbccddddddeh
iakgopacdddddddfkbckbc
cddddfbdcddfklcfkopacd
fklmmmgcfkbcfklmmmmmmm
mmmmcc fk1cfblmlmmmmmmm
mm 1 mmmmmmmmmmmmmz. Z.

Sea

N. Srinivasan Manoj Tyagi

i
I

Pl

avseon ¥ nvavon,

+  Major Gities

ot

Moo oot bo Scae.
—
INDIAN OCEAN Cappright © 2015 www.mas psofindia.com
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KB BFKL NOPA B KO NOPA KL
FKL GOIA GHIL PCF PFB EHJLPACF

P FKL NOPABD GHIA EHIAFKLNO
FKL NO NOPACFBA EHJACKL

41
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2fox
KB BFKL NOPA B KO NOPA KL
FKL GOIA GHIL PCF PFB EHJLPACF
p FKL NOPABD GHIA EHIAFKLNO
FKL NO NOPACFBA EHJACKL
NG /
v
local / global alignment 42

Substitution matrix based on already superimposed proteins taken from the database PALI
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3chy : KBCCDDDD¥BF :E?PABDCDDFBFKLMMMMMMNGOIAB
2fox : ---DDDDF OPACDDDD--FKLPCFKLMMM-PFB

HI
HJ

3chy : LM--LMMMMMMMMPMKLMMP BDCFKL- ORA--BDCDDDD-
2fox : LPACFKLMMMMMMMMMMMMGHIA HIAFKLNQ PACFBACDDDEH

3chy : -DFKLMMMMMMMMMMMNO

Tyagi M, Sharma P, Swamy CS, Cadet F, Srinivasan N, de Brevern AG, Offmann B (2006) Protein Block Expert
(PBE): a web-based protein structure analysis server using a structural alphabet. Nucleic Acids Res. 34(Web Server
issue) W119-23.
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» French-Indian collaboration: CEFIPRA grant (2008-2012):
with Pr. N. Srinivasan (Bangalore)

Joseph Agnel Praveen _

pairwise superimposition and mining of similar folds

(new substitution matri / new alignment)

\\ y o - ':
3 A iPBA: ,
~~~~~ Soaisbapsfwww.dsimb. inserm. fr/dsimb_tools/ipbal - o’ cmican.

N
N T P N
R WA Protain 1 44
A [ —— -

2 — s

Protein 2

0 b

Joseph AP, Srinivasan N, de Brevern AG (2011) Improvement of protein structure comparison
using a structural alphabet. Biochimie 93(9):1434-45. .
J-C Gelly, Joseph AP., Srinivasan N, de Brevern AG (2011) iPBA : A tool for protein

structure comparison using sequence alignment strategies. Nucleic Acid Res 39:W18-23.
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» improvement of multiple structure alignments: improvement > 85% of
cases

A mulPBA: 274.0, 253.0, 314.7

mulPBA:
http.://www.dsimb.inserm.fr/dsimb _tools/mulpba

HOME  ABOUT  EXAMPLE  CONTACT

Joseph AP, Srinivasan N, de Brevern AG (2012) Progressive structure-based alignment of homologous proteins: Adopting sequence comparison
strategies. Biochimie. 94:2025-34.

Joseph AP, Leonard S, Srinivasan N, Gelly J-C, de Brevern A.G (2014) mulPBA : an efficient multiple protein structure alignment method based
on a structural alphabet. J Biol Struct Dyn. 32(4):661-8.
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DoSA. DoSA The Database of Structural Alignments (DoSA) realigned
structurally variable regions (SVRs) using an algorithm based on protein
blocks. (http://bo-protscience.fr/dosa/).

X
Amino acid sequence SCR Conlormativas By dissimilsr SVR

‘
TNivtltrfvmeegrkargtgcmtqllnslctlw!&ISTAVRKAg iale(hgs tnvtg

. ++cd fklmmmmmmmmnoopaml opgOIFklmmmnop
ahaian ckar arwa 2hhma WO~ ecmdyavt-=--=mecem——————— LARQAGEVVCEAikne~-MNVmlksspvd
Mahajan S, Iftekar M, Ag 1 G e
e IXICTUETUTUTATAITNIT = = o e o o e o o s e o o o e pCcC- ckle
G, Offmann B, de Brevern AG, 1.11 0.25  -1.58
Srintvasan N (2013) DoSA: lnuwa_ dqVKKLDVLSNDLVINVLKSSFatCVLVSEED--knaiivepekrgkYVVCFDPLDGSSN
acDPKLMMMMMMMMMMMMNOPa £ BDCDFKLM- ~bacddd fk1c £k 1CCDDDFBGHKLMM
Database of Structural 2hhma_ 1-VTATDQKVEKMLISSIKEKYpsHSFIGEESvaageksiltdn-. .. ... . IDGTTN
. - DFKLMMMO0000000000MnbCCDD bdfklo:~"— = JGHKLMM
Alignments. Database 2013:48. - f o R P TR ol
<
PB sequence PB score Conformationally similar SVR  Differest scores (Mouse over SVR)
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Prediction of PBs

>protseq
MSSADKERLARENHSEIERRRR
NKMTAYITELSDMVPTCSALAR
KPDKLTILRMAVSHMKSLRGTG
NTSTDGSYKPSFLTDQELKHLT
LEAADGFLEFIVSCETGRVVYVS
DSVTPVLNQPQSEWFGSTLYDQ
VHPDDVDKLREQLSTSE

>predPB

z z £ kI mmmmmmmmmmmmmcceh
iacdddfkbmkbccddddddeh
iakgopacdddddddfkbckbc
cddddfbdcddfklcfkopacd

fklmmmgcfkbcfklmmmmmmm
mmmmcc £ k1cfblmlmmmmmmm
mm 1 mmmmmmmmmmmmmZ Z

Protein structural model
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*@

ORION (Optimized protein fold RecognitlON) is a sensitive method for
protein template detection (http:/www.dsimb.inserm.fr/ORION/)

Step A : Fold ibrary profiles generation Step B : Query profile generation
Datatase of HOMSTRAD H MM
O taries ATCKTMLKNADSQEVV.
mrei 1 Find sequences homologs
& D with PSI-BLAST
Excellent CASP results V) =
‘ Caw!amm nto

Ghouzam Y, Postic G, de = a8
Brevern AG, Gelly JC (2015) - Wit i
Improving protein fold ot R
recognition with hybrid profiles ;

combining sequence and ‘% @ ,@

structure evolution. AR A8 W
Bioinformatics. 31:3782-9. Selected templates o

comparative modeding 4 8
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ORION (Optimized protein fold RecognitlON) is a sensitive method for
protein template detection (http:/www.dsimb.inserm.fr/ORION/)

cﬁlm Optimized Protein Fold RecognitiON

ORION (Optimized protein fold RecognitlON) is a sensivitve method for protein template detection. ORION is based on a profile-profile
approach that relies on a better description of the local protein structure to hoost distantly protein detection, These descriptors called

Protein Blocks (PB) encodes a structural alphabet defined by 16 folding patterns that describe accurately local protein structures (de
Brevern et al. 2000).

Home | About | Example | Contact | Help

Submit prediction

Suhml! a protei q ce for predictio:
Sequ heldb FASTA' rmat o pl n text and can be |
below Sequen(e must be no longer lha 1000 residues and more than 15 resldues

file or by copy-and-pasting inta the text-field

Sequence for Prediction
Paste your sequence: )

w
2
2
o
q
5
g
&
@

Ghouzam Y, Postic G, Guerin searc spions

PE, de Brevern AG, Gelly JC s seicion © ;%?gﬁ
(2016) ORION: a web server for . o, O
protein fold recognition and

structure prediction using =
evolutionary hybrid profiles. Sci

49
Rep. 6:28268.
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Dr. Vincent Jallu
Platelet departement

Integrins
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One complex (Integrins) / 2 pathologies

- Bleeding: Glanzmann's thrombasthenia i1s an abnormality of
the platelets, an extremely rare coagulopathy.

- Alloitmmunization mother/fetus: Fetal / Neonatal allormmune
thrombocytopenia (FNAIT), a severe bleeding syndrome 1n
which fetal / neonatal platelet destruction 1s mediated by
maternal antibodies directed to specific antigens (or
alloantigens) inherited from the father
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s HPA-6bw @ .

HPA-17bw @&

P ¥ HPA-14bw
1 ¥ = S

¥ ‘ & )’ S p

& & 5 N

Bec

)

52



Inserm Structural alphabet : analyses of 5"2[3
- S flexibility

» This protein is very flexible

We compute Root Mean Square
Fluctuation (RMSF)

53
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» This protein is very flexible

Residue 33 is associated to high RMSF

o | PSI I<EGF-1| I-EGF-2 |
121 a1 434'454'474'494'514
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» How to use Protein Blocks here ?

ZZfklmnopabfklmmmnpfkbccdfblkbcchiaeh
iafklmmmnopafklpccdddddddfbdcdddfblmb
ckbccdfbdcfbdcddddehiacdddddddddehiac
dddddddfbfklmmmmmmmmmgo ] lmmmmmmmnpcbd
cdddddddddddfklpcfbdfklmnomclmmmbdcdd
debiadfbdcbfblklmmmmmmmmccdddfblbdcfk
Immmmmmmommmnopafkbcdddddddfbdcddehkl
mmnopabccehpacbdfkopafblmmpccddfklmmm
mmmmnopacdddbdf klmmmmmmmmmmmghiacdddd
f k Immmmmmmmmmmmmmmncccdddehiafkbccddd
ddfehjbccehiabdehiaghiacddddddddehjdd
fdddddddddehiabdcdddddddfbdfklmmpctbg
cknojhiaccehhiacddehiacjkopafgehjlmng
jiafbfblkbcehiopaccehhiacdfbdchiaaed]
kopaccblbcctfblpehhlpaccehhiacddehiac]
kopacfbfklmmgfkopghhlpaccehhiacdfbghi
edjkopacckbccfklmmmmmmmmmmnopajklmmmk
lmmmomcdcdddfbdcdebiacdcdddddf@%pacdd
dddddfkopacddddfbdcdddzz
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» Then count for every snapshots, the frequency of PBs

PBs

a b ¢ d e f g h i j k | m n o p

1 3 &5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55

sequence
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» Both sets of simulations are quite similar

| l
0 [
' I
L
l
|.' |
| l ,f'\'-.
v | .' ﬁ' |
[\
i l /\‘"
! ll Al
| \
S \ "\
Zm— / \ ’ \ | ,-'/ |/
/ \\ ", I | /’ |
/ \ '| | l ,"1 f !
/ | | {f ‘l | /
}, \ '|| l | |‘ \Hl
[ | ‘. i |
o~ — |f | | |
;\Il || |
[V | ‘ ,
| ’ : f
[ \ '
}l
I \ /
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1T

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55

seq
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» But position 33 is not ‘flexible’, it stays highly constraint =»
deformability

35

3.0
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2.0

1.5

1.0
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First Conclusion

» Not real change of the epitope, always highly accessible
» But not flexible, it is rigid with deformable regions around

» Proof of interest of Protein Blocks for the analysis => does
not correlate with RMST

Jallu V, Poulain P, Fuchs PF, Kaplan C, de Brevern AG (2012) Modeling and Molecular Dynamics of

HPA-1a and -1b Polymorphisms: Effects on the Structure of the B3 Subunit of the allb/B3 Integrin. PLoS
ONE. 7(11):e47304.

Jallu V, Poulain P, Fuchs PF, Kaplan C, de Brevern AG (2014) Modeling and molecular dynamics

simulations of the V33 variant of the integrin subunit 33: structural comparison with the L33 (HPA<lp) and
P33 (HPA-1b) variants. Biochimie. 105:84-90.
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» A more systematic approach: an example of Calf-1 domain

» Calf-1 domain : 141 residus (603-743) from a chain
» 7 mutations involved in GT:

- L653R
- C674R
P = _L721V/L721R
Matiey Goguet - R724P / R724Q
- P741R

60
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» MD : simulation in silico of a molecule's behavior.

» Gromacs 4.5.7 / Force field OPLS-AA / all atom

» 8 systems : 1 WT + 7 variants

» For each system : 11 independent MDs, 850ns simulation
time

61
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» Analysis of WT Calf-1

603 608 613 618 623 628 633 638 643 648 653 658 663 668
GEDDVCVPQLQLTASVTGSPLLVGADNVLELQMDAANEGEGAY EAELAVHLPQGAHYMRALSNVEGFERL

Boucle 1 Brn 1 : Boucle 2 Brin2 : Boucle 3 Br'm3| Boucle 4 Brin 4 | Boucle 5
RMSF [ | i1 B N e B |
Neq [0 ' B |

673 678 683 688 693 698 703 708 713 718 723 728 733 738 743
ICNQKKENETRVVLCELGNPMKKNAQIGIAMLVSVGNLEEAGESVSFQLQIRSKNSQNPNSKIVLLDVPVR

Brin§ Bring Brin7 Brin8 Soucle 8 BrinS

ﬂM@ Bo)l:lucjem
| NN — [T = 1
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G i g chre it flexibility ki
Variant L653R : Mutation site

WT : 9 interactions
Variant : only 1 conserved but 3 news to

— No structural changes
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Variant L653R : position E679

75 75 ] 77 0™

N,, similar in WT and variant but high A

Interaction reshuffle (no conservation)

—Structural desorganization
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Results : Global variant mobility

R724Q i '

v

. L653R v I ,

h4.4

C674R l I
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ggults; Global variant mobility

R724Q

w

C674R l I

L721R ' i| | v
A4

I R PP
FAMERREEPOS T

P741R v
-_L =
Loop 2 3
P  S—

d
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Second Conclusion

» Reliable, automated and efficient molecular dynamics
protocol with interesting use of Protein Blocks

» Results on Calf-1 : no changes on mutation spots but
structural local impact observed at another place.

» Does these allosteric effects are common to all of these
variants ?

Goguet M, Narwani TJ, Petermann R, Jallu V, de Brevern AG (2017) In silico
analysis of Glanzmann variants of Calf-1 domain of allbB3 integrin revealed

69
dynamic allosteric. Sci Rep. 7(1):8001.
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» Last development: ArXiv & Peer).

GitHub This repository Explore Featwras Entarprise  Blog h‘“"-"’ﬁi Sign in @
P!

pierrepo / PBxplore @Watch 6 & Star ¢ YFork &
@ -]
p rota B w -
,,,,, -
u Sranch master» | PBxplore / + ]
Improwed r es ~
Disrrap =

T T T T T T T T T T T T T T T T T T T T T T T T T T T
147 11 16 21 26 31 36 41 46 51 358
Residue number

HTTPS ¢l LIS

LA Ly

%> Download ZIP

Barnoud J, Santuz H, Craveur P, Joseph AP,
Jallu V, de Brevern AG, Poulain P (2017)
e PBxplore: A Tool To Analyze Local Protein
i y——— o Structure And Deformability With Protein

— Blocks, Peer.J. in press.
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@‘“5&6 PredyFlexy predicts from the sequencethe protein flexibility, this last being
defined from data coming from X-ray structures and molecular dynamics
simulation (http://www.dsimb.inserm.fr/dsimb_tools/predyflexy/)

PredyFlexy : Flexibility and Local Structure prediction from
sequence
:::m Introduction
— protein Local Structure Prediaoag®d = Yy
Download : -
DsIMB
Bornot A, Etchebest C, de Brevern
AG (2011) Predicting Protein :
Flexibility through the Prediction of PGS RSO P
Local Structures. Proteins. 79(3):
83 9_52 . Launch a prediction
de Brevern AG, Bornot A, Craveur P, e i -
Etchebest C, Gelly J-C (2012) S e
PredyFlexy: Flexibility and Local s
Structure prediction from sequence.

Nucleic Acid Res. 40:W317-22. 71
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» DSIMB is working on many interesting topics © !

» 1 hope you have a nice (partial) view of our methodological
developments.

» Essential to have a good knowledge of biology and
methodology to do good applications (not developed here)
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» Three reviews to have a good views of our interest

1. SOA of secondary structures and structural alphabet

Offmann B., Tyagi M., de Brevern A.G.

Local Protein Structures. Current
Bioinformatics 2: 165-202.

(2007)

Currens Rivinformaticr, 201, 2,

Local Protein Structures

Bernard Offmann’, Manoj Tyagi'f and Akexandre G. de Brevern™”

Laboratoire de Biochimie et Génétique Moléculaire, Université de La Réunior, 15, avenue René Cassin, BPTISI,

7715 Saint Denis Messag Cedex 09, La Réanion, France

“Equipe de Bivinformatigue Génomigue et Moléculaire (EBGM). INSERM UMR.-S 726, Université Paris Diderot, caxe

7143, 2. place Jussieu, 75251 Paris, France

*Present :\xldlcn, Computational Biology Branck, National Center for Biotechrology Information (NCBI). National

Library of M M), 8600 Rockvil

Pike, Bethesda, MD 20894, USA

Abstract: Prosein stroctures are classically described as composed of two regular stazes, the @ helices and the Bstrands

and ane noa ey

oot
of complete sets of small prototypes or “structu
pest of the protein backbane. Th

throegh the
20 their potential spplicigions.

Keywords: Secondary structure, protein fokds. structure-sequence relationship, structural

modeling. ab initio.

INTRODUCTION

Protein folds are often described as & succession of sec
ondary siructures, Their repetitive panss (c-helices and -
strands) have bees
description by P
sccprcn o e 30 siucired i terms o, ciondery tre
tures is not simple and different maj st
careflly addreseed.tndeed. the ks fo socondary sruet
are not wivial, and 5o numerous assignment

teria ha

Fepan
v6 strochaes. Thoso suall dlfroaces aa rest
lengths for the repetitive siructures. dependi

ering lmost S0
distinet local protein stru

Thus, 1o circumvent these difficulties, other spprouches
were developed. They led 1o  new view of 3D pr
Ko chrw Sl 4
ocal

1674853607 $50,00+.00

iz and varizble stae, the coil. Nocetheless, this sizple defi
act

the rules for secondary strocture ssignment are comples.

i of secondary structures hides nurmer.
Thus, rumerous assignment methods

alphabets”, able  analyze local proteir structures. sad to appr
have also been used to predict the prtein hackbor

novo methods. In this papes, we review different spproaches towards the description of local structures, mairly
scripeion in temms of secondary strectsres aad i terms of stuctars) alphabets. We provide same msights

forrsation and in ab ini

iphaiet, protein blocks, molecular

protein struc :
kbt bive bosn taed 1 appraiaate aad izt 1ol
1o predict backbone conformation.

This paper is divided in two parts. First, we focas on the
ruciures with respect
mment methods.
aruc-
torel alphabets, .., libraries of protein local structures used
in ab initio metods.

Thus, we present in the Secondary siructure section the
classical and

on shows firs! e structural libraries deds-
ealed o the structure approx: secondly the different
developed prediction methods based on siractural alphabet
deseription and finally some applications.

SECONDARY STRUCTURES

Tk, The dekerric . il ines o
terms of secondary es is wilely used for analysis or
purpases lxtg the example of Human Liver Gly
phorylase A [2] taken from the Protein DataBank
1), The secordary structures are composed of
wel-known @clis [4] and Bt

assignment is directly implemented in all 3D structure visu

© 2007 Nentham Science Publishers 114,
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» Three reviews to have a good views of our interest

1. SOA of secondary structures and structural alphabet
2. SOA on Protein Blocks

x Rev (2010) 2:137-145
10100061

A short survey on protein blocks

Agnel Praveen Joseph - Garima Agarwal - Swapnil Mahajan -

Jean-Chiristophe Gelly - Lakshmipuram S. Swapna - Bernard Offmann -

Frédéric Cadet - Aurélie Bornot - Manoj Tyagi - Hélene Valadié - Bohdan Schneider -
Catherine Etchebest - Naray S - Alexandre G. de Brevern
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d 20 Apeil 2010/ Acceped:
mations] Union for Pure

Abstract Protein structures are classically desenbed o assigned 10 an irregular state, e, the coil. These limitations
terms of secondary structures. However, even if the regula have led different research teams to focus on abstracting the
secondary structures have relevant physical meaning, their  conformation of the protein backbone in the localized shart
recognition based on al has a number of  stretches. To this end, different geome neasures are
iportant limitat: s the assign-  bemg used to cluster local stretches in protemn structures in
ment of the boundaries trand regions. @ chosen number of states. A prototype representative of the
1 generally defined.

In addition, an average of about S0% of all residues are Jocal structures in each cluster &

garwal contributed equally 10 this
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» Three reviews to have a good views of our interest

1. SOA of secondary structures and structural alphabet
2. SOA on Protein Blocks 3;_%
3. SOA on structural alphabet & flexibility

Protein flexibility in the light of
structural alphabets

Craveur P, Joseph AP, Esque J, Narwani TJ, Noel F, Shinada
N, Goguet M, Leonard S, Poulain P, Bertrand O, Faure G,
Rebehmed J, Ghozlane A, Swapna LS, Bhaskara RM,
Barnoud J, Teletchea S, Jallu V, Cerny J, Schneider B,
Etchebest C, Srinivasan N, Gelly J-C, de Brevern AG (2015)
Protein flexibility in the light of structural alphabets.
Frontiers in Molecular Biosciences - Structural Biology.

2:20.
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» Various functions, various binding sites ...
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No simple
concensus
between methods

YT
DSSP
Assignment example for the Hhai Méthyltransferase protein (PDB code :10MH) by
DSSP, STRIDE, PSEA, DEFINE, PCURVE, XTLSSTR and SECSTR.

L. Fourrier, C. Benros & A.G. de Brevern (BMC Bioinfo, 2004)
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J. Martin, G. Letellier, J.F. Taly, A. Martin, A.G. de Brevern & J.F. Gibrat (BMC Structural Biology, 2005)

http://migale.jouy.inra.fr/mig/mig _fr/servliog/kaksi/ 50
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Moreover .
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> It is possible to look at protein structures in a different ways

» At alocal level.
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» Coding the structure
D dihedral angles

2

5 residues => 8 dihedral angles (¢, )
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V., fragment f
' (5 aa, 8 dihedral
D,
angles)
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Wi i Wia ;s W, din Win bine
PB a 41.14 75.53 13.9%92 -99.80 131.88 -96.27 122.08 -99.
PBE b 108.24 -50.12 115.54 -%z.21 -18.06 -128.93 147.04 -99.
PB ¢ -11.61 -105.66 94.81 -106.09 133.56 -106.93 135.97 -100.
PBE d 141.%8 -112.75 132.20 -114.79% 140.11 -111.05 139.54 -103.
PB e 133.25 -112.37 137.64 -108.13 133.00 -87.30 120.54 77.
PB £ 116.40 -105.53 125.32 -96.68 140.72 -74.19 -26.65 -94.
PE g 0.40 -81.83 4.91 -100.5%9 85.50 -71.65 130.78 84.
PB h 119.14 -102.58 130.83 -67.91 121.55 76.25 -2.95 -90.
PB 1 130.68 -56.92 11%.2¢ 77.85 10.42 -99.43 141.40 -98.
PB J 114.32 -121.47 118.14 82.88 -150.05 -83.81 23.35 -85.
PB k 117.1¢ -95.41 140.40 -59.35 -29.23 -72.39 -25.08 -76
PB 1 135.20 -55.96 -32.70 -68.51 -26.09 -74.44 -22.60 -71.
PE m -39.62 -64.73 -3%.52 -65.54 -38.88 -66.89 -37.76 =70.
PB n -35.34 -65.03 -38.12 -66.34 -29.51 -85.10 -2.51 77.
PBE © -45.29 -67.44 -27.72 -87.27 5.13 77.49 30.71 -93
PE p -27.09 -86.14 0.30 59.85 21.51 -96.30 132.67 -92.

distance computation => 16 scores ——> The smallest

68
S0
63
16
40
51
98
88
01
82

.16

74
15
S0

.23
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Pr. Serge Hazout

de Brevern A.G., Etchebest C. & Hazout, S. (Proteins,
2000).

16 Protein Blocks
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» PBs & secondary structure PBd 29.0% coil 71.0f

/6 I:: R Q‘Pi PBg 2.0%a

”’? Q"\ gf,r / &r oo g
J WC“H d) .
U \VJ SV

PBm 92.3% a 7.6% coil
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1 (Proteins, 2000)

2 (ISB, 2005)

3 (CBIO, 2007)

4 (Biophys Rev, 2010)

> (Proteins 2006)

6 (NAR, 2006)

7 (Proteins, 2008)

8 (PlosOne, 2011)

9 (Biochimie, 2011)

10 (NAR, 2011)

1 (Biochimie, 2012)

12 (JBSD, 2013a)

13 (Amino Acids, 2013)
14(JBSD, 2013b)

15 (Prot Sci, 2002)

16 (Theo Chem Ac,2001)
17 (Bioinf, 2003)

18 (Proteins, 2005)

19 (ISB,2004)

20 (J Theo Biol, 2011)

21 (J Biosc., 2007)

22 (Proteins, 2005)

23 (J Theo Biol, 2009)

24 (Proteins, 2009)

25 (BMC Bioinfo, 2004) <&
26 (CBAC, 2009)

27 (Protein Sci, 2009)
28 (BBA, 2005)

2 (IDDT, 2009)

3 (EBJ, 2007)

31 (Biochimie, 2009)
32 (Proteins, 2011), 33 (BMC Struct Biol, 2012),3*(JBSD, 2013c¢)
+ book chapters (2001, 2005, 2007, 2010 & 2010).

APPI‘OXimation of local structure '*

:ﬁ I Structural alignments >-12

1. Omega angles 3

§#1§? 2. NMR

Approximation of longs fragments

0%“‘? P 1.  Structural Words 13

2. HPM 1617

Prediction & Analyses

e 1. PBs 11820
Structural Words 2!
HPM 22-24

Short loops #°-27

DARC 28-29

Mutations 3°

Contacts 3!

Flexibility 32

Allostery 33

protein domain linker 34

WX R WD
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Google scholar 280
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