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Sequence - Structure
Function & Dynamics
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and applications
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“* Why going beyond classical secondary structure ?
** How ?
¢ How is it useful for analysis of protein dynamics ?

¢+ Can it be used also for protein disorder ?
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The secondary structures BHED

oinformatique & Int

» That’s the only data we have

helix




Inserm Secondary structures: some SIEn

Institut national

: Bioinformatique & Interactions
de la santé et de la recherche médicale ques lons

No simple
concensus
between methods

TY
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)

9
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Institut national

st e Bioinformatique & Interactions
de la santé et de la recherche médicale ques lons

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/ 10



Secondary structures: some
questions

>l

Bioinformatique & Interactions

Moreover .

11



Inserm Secondary structures: some DS"ED

o erche i questi()ns

> It is possible to look at protein structures in a different ways

» At alocal level.

12



Inserm i

o D)“ E B)

I tional Bioinformatique & Interactions
et cale

STRUCTURAL ALPHABET

13
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Structural alphabet SHED

Bioinformatique & Int

> Another vision

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

J’\, >2aak

v L Z 7 £k 1mmmmmmmmmmmmmccehi
- ~ \ : Sy,
_/f | # AN acdddfkbmkbccddddddehia
rd B % - ;‘ N kgopacdddddddfkbckbccdd
A\ ' ——»  ddfbdcddfklcfkopacdfklm
‘ R & mmgcfkbcfklmmmmmmmmmmmc
- cfklcftblmlmmmmmmmmm.lmmm
B o Y, S N mmmmmmmmmmZ 72,
3D protein structure 1D Sequence

de Brevern A.G., Etchebest C. & Hazout, S. (Proteins, 2000).
15



!nserm

Institut national
de la santé et de la recherche médicale

Structural alphabet

>l

Bioinformatique & Interactions

HHHHHHHHHHHHHH

>153L [secondary structures]

HHHH HHHHHH HHHHHHH

HHHHHHHHHHHHHHHH HHHHHHHHH
HHHHHHHHHHHHH

HHHHHHHHH HHHHHHHHHHH EEEEE

h i I mmmmmmmmmmmmmmnoZ 7

>153L [structural alphabet]

zZmnopfklpccebjafklmmmnopabecjklmmmmmmmmm
mmmmmmmmmmmmmmmmnopa f k lmmmmmmmmnooolapgeh
iafkopagcijkopafklmcceh]fklmklmmmmmmmmmmmm
mmmmmmmmmb ¢ £ k ImmmmmmmmmmnomkImnbfklmmgoia
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Structural alphabet '5"2'3

Pr. Serge Hazout

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

16 Protein Blocks

17
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» Superimposition of 3D protein structures

Narayaswami Srinivasan
(IISc Bangalore)

Joseph A.P., Srinivasan N. & de Brevern A.G. (2011) Biochimie, 93(9):1434-45. —
Agarwal G., Mahajan S., Srinivasan N. & de Brevern A.G. (2012) PLoS ONE, 6(3):e17826.

Gelly J.-C., Joseph A.P., Srinivasan N. & de Brevern A.G. (2011), Nucleic Acid Res, 39:W18-23.

Joseph A.P., Srinivasan N. & de Brevern A.G. (2012) Biochimie, 94:2025-34.

Léonard S., Joseph A.P., Srinivasan N., Gelly J.-C. & de Brevern A.G. (2014) J Biol Struct Dyn, 32(4):661-8.

18
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» Protein interface analyses

-

Bohdan Schneider
(Biotechnology and
Biomedicine Center of the
Academy of Sciences,
Prague)

PBd+Nt19
PDB code3eh8

Schneider B., Cerny J., Svozil D., Cech P., Gelly J.-C. & de Brevern A.G. (2014) Nucl Acid Res, 42(5):3381-94. 19
Schneider B., Gelly J.-C., de Brevern A.G. & Cerny J. (2014) Acta Crystallographica Section D, 42(5):3381-94.
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>153L
>153L ..
o3 Prediction ZZmnopfklpccebjafklmmmnopa
of PBs becj k1 mmmmmmmmmmmmmmmnmmn
mmmmmnopa f k lmmmmmmmmnooola

TDCYGNVNRIDTTGASCKTAKPEGL
SYCGVSASKKIAERDLQAMDRYKTI
IKKVGEKLCVEPAVIAGIISRESHA

pgehiafkopagcjkopafklmcceh

) J £ k1mk 1l mmmmmmmmmmmmmmmmmmmm
mmb c £ k ImmmmmmmmmmnomkIlmnbf

GKVLKNGWGDRGNGFGLMQVDKRSH
KPOGTWNGEVHITOGTTILINFIKT
TOKKFPSWTKDQOOLKGGISAYNAGA lmrcoianil .
mmmmmmmmmmmmmin.
GNVRSYARMDIGTTHDDYANDVVAR o gora
AQYYKQHGY ©
ROC CURVE CASP
/
Notre méthode Structural
=
z \\ analogy
Q.:, .
. PSI-BLAST
o
Structural fold

—— OUR METHOD (AUC :

o 0.
_ I:leearch (AUC : 0.61) o
~— HHsearch + SS (AUC :

:0.
= PSI-BLAST (AUC : 0.55)62)

HHsearch
HHsearch + Ss

0.0

02 04 0.6 0.8

\ False Positiyes Rate ( 7—Specificiry)

Dr. J.-C. Gelly

20
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Bioinformatique & Interactions

¢ The most used structural alphabet at this day (Web Of Sciences: 156
citations, Google scholar: 288)

\/

** More than 20 teams worldwide

% Used for local and global analysis, prediction (locale, specific,
flexibility), le protein design, building of structural models, etc.

'.“ \\‘ /;/

o | \\ 7 7 Analysis of molecular
dynamics of protein and

\ peptide

21
de Brevern A.G., Etchebest C. & Hazout S. (2000) Proteins, 41(3), 271-287.
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STRUCTURAL ALPHABET &
FLEXIBILITY: MD

22
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Integrins &HED

Dr. Vincent Jallu
Platelet departement

Integrins

23
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One complex (Integrin):

- Glanzmann's thrombasthenia 1s an abnormality of the
platelets, an extremely rare coagulopathy.

- Fetal / Neonatal alloommune 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

Also the only blood group not on Red Blood Cells.

24
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® HPA-6bw

j ’ _ AN
A od| ) 5
d‘,f g“"’ HPA-21bw
HPA-17bw "’t ﬂ( . ~
: ‘ 8b R HPA- 14bw
- YA f \ : )

F Q) %

N,

HPA-19bw

pA-16bw

25
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Integrins >lco

Bioinformatique & Interactions

» This protein is very flexible

We compute Root Mean Square
Fluctuation (RMSF)

1 nstep
RMSF; = E 173(t) — I2
nstep =
\ =

26
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Bioinformatique & Interactions

» This protein is very flexible

Residue 33 is associated to high RMSF

RMSF (A)
4

. PSI I-EGF-1 I-EGF-2
1 21 41 434 454 474 494 514
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» How to use Protein Blocks here ?

ZZfklmnopabfklmmmnpfkbccdfblkbcchiaeh
iafklmmmnopafklpccdddddddfbdcdddfblmb
ckbccdfbdcfbdcddddehiacdddddddddehiac
dddddddfbf klmmmmmmmmmgo j Ilmmmmmmmnpchbd
cdddddddddddfklpcfbdfklmnomclmmmbdcdd
debiadfbdcbfblklmmmmmmmmccdddfblbdcfk
Immmmmmmommmnopafkbcdddddddfbdcddehkl
mmnopabccehpacbdfkopafblmmpccddfklmmm
mmmmnopacdddbdf kI mmmmmmmmmmmghiacdddd
fk Immmmmmmmmmmmmmmncccdddehiafkbccddd
ddfehjbccehiabdehiaghiacddddddddehjdd
fdddddddddehiabdcdddddddfbdfklmmpctbg
cknojhiaccehhiacddehiacjkopafgehjlmng
Jjiafbfblkbcehiopaccehhiacdfbdchiaaed]j
kopaccblbcctfblpehhlpaccehhiacddehiac]
kopacfbfklmmgfkopghhlpaccehhiacdfbghi
edjkopacckbccfklmmmmmmmmmmnopajklmmmk
Immmomcdcdddfbdcdebiacdcdddddfkopacdd
dddddfkopacddddfbdcdddZz
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» Then count for every snapshots, the frequency of PBs

PBs

e f g h

a b ¢ d,

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

* N, : equivalent number of PBs

| " 16
[
| Neq = exp| — § fr In(fy) I,
<+ I‘I li x=1 ;';‘
| |
f [ |
<| | [
/ l [
/ [ \ l/
i~ ‘ \ \ f
v \ /
Z / \,l‘ "l "";\,\\ l"l
/ I": ( ‘II ."{“ /I" 'I !
'*. AN [ Y |
~ 4 I\ ’,‘"‘I I. ,'; / l'; v |=
\ ] N .
| l \"\ /,"

I I Y I
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 =»

- mobile PR

mui«f

3.0 3.5

25

Negq

2.0

1.5

1.0

30 31 32 33 34 35 36 37 38 39 40

Seq 3 1
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Conclusion
» Not real change of the epitope, always highly accessible
» But not flexible, it is mobile within deformable regions

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

Jallu V. Poulain P., Fuchs P., Kaplan C., de Brevern A.G. (PlosOne, 2012)
Jallu V. Poulain P., Fuchs P., Kaplan C., de Brevern A.G. (Biochimie, 2014) 32
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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
v 1721V /L721R

Matthieu Goguet R724P / R724Q
(master 2 student) P741R

Scientific Reports 2017 33



Inserm '
: Allostery '5"ED

Institut national
de la santé et de la recherche médicale

» Analysis of WT Calf-1

638 643 648 653 658 663 668
GEDDVCVPQLQLTASVTGSPLLVGADNVLELQMDAANEGEGAY EAELAVHLPQGAHYMRALSNVEGFERL

Boucle 1 Brin 1 Boucle 2 Brin2 Boucle 3 Brin3 Boucle 4 Brin 4 Boucle 5
:‘ > | >|:| >:I ) E—

603 608 613 618 623 628 633

RMSF

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

ICNQKKENETRVVLCELGNPMKKNAQIGIAMLVYSVGNLEEAGESVSFQLQIRSKNSQNPNSKIVLLDVPVR
Brin 8 Boucke 3 Brin® | Boucle 10

Brin5 Boucke & Brin6 Boucle 7 Brin7 Boucle 8
o) — ) — > > i

-\ﬁ

1C
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35



Allostery Dlco

Bioinformatique & Interactions




! nserm

Institut national
de la santé et de la recherche médicale

Allostery

>l

Bioinformatique & Interactions

» More details in

& frontiers

in Molecular Biosciences dot: 10,338

Craveur et al., (Frontiers in Mol Sci, 2015)
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Protein flexibility in the light of
structural alphabets

Pierrick Craveur"***, Agnel P. Joseph®, Jeremy Esque®, Tarun J. Narwani****,

Floriane Noel “***, Nicolas Shinada'>**, Matthieu Goguet"***, Sylvain Leonard"**,

Pierre Poulain .%%47, Olivier Bertrand %4, Guilhem Faure®, Josethebehned'

Amine Ghoziane™, Lakshmipuram S. 2R dra M. Bl ol

JonathanBamoud'Zl“‘ StepfnneTeIstche:”-“" VincenlJallu" JmCemy"
ider", Catherine Etchebest’*%4,

Jean-Christophe Gelly'“‘ and Alexandre G. deBrevem’“" ;

? insttut Nstiona! de i3 Sante st de i3 Recherche Méaicale U 1134, Parks, France, “UMR_S 1134, DSIMB, Universts Pars
Digerot, Sorbonne Paris Cite, Pars, France, 2 institut Nationaf de k& Transiusion Sanguine, DSIMB, Paris, France, ¢ UMA_S
1134, DSIMB, Laborstory of Excellence GR-EX, Pan's, France, * Rutharford Appiston Labarstory, Science and Technology
Faciities Counce, Didcot, UK, ®instiut Nations! de B Sants ef de ls Recharche Madicaie LISE4, 7 MR Cantra National oe 8
Recherche Scientifique 7104, IGBMC, Universtts ge Strasbourg, ARirch, France, * Efs Poutan, Fointe-Nolrs, Congo,
# Nationa! Library of Mecicine, National Canter for Bloéechnology information, National insttutas of Hesith, Bedhesda, MD,
USA, °Centre National 02 I8 Recherche Scientiique UMR7580, Sorbonne Uniersités, Universite Plame af Manie Curis —
MNHN — IRD — UC, Farks, France, * Metagenopolls, INRA, Jouy-an-Josss, France, " Moleculsr Blophysics Unt, indian
Institute of Scince, Bangaiors, Bangalore, indk, 7 Hospital for Sick Chilren, and Departments of Blochemistry and
Moleculsr Genetics, Unversity of Toronfo, Toronto, ON, Canads, ¥ Department of Theoratical Biophysics, Max Pianck
Institute of Blophysics, Frankturt, Germany, ™ Laboratofre de Pysique, £cole Nommale Supériaura de Lyan, Lnverste de
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Unfversie ge Nantes, Linte Fonctionnailte et ingenienie des Protaines, Cantre Nafional de is Ascherche Sclentiigue UMR
6286, Universes Nantss, Nanfas, France, * Piatalet Unt, instifut National de ia Transfusion Sanguine, Paris, France,

' nstitute of Biofachnology, The Czech Acadamy of Sciances, Prague, Czach Rspubic

Protein structures are valuable tools to understand protein function. Nonetheless,
proteins are often considered as rigid macromolecules while their structures exhibit
specific flexibility, which is essential to complete their functions. Analyses of protein
structures and dynamics are often performed with a simplified three-state description,
i.e., the classical secondary structures. More precise and complete description of protein
backbone conformation can be obtained using libraries of small protein fragments that
are able to approximate every part of protein structures. These libraries, called structural
alphabets (SAs), have been widely used in structure analysis field, from definition of
ligand binding sites to superimposition of protein structures. SAs are also well suited
to analyze the dynamics of protein structures. Here, we review innovative approaches
that investigate protein flexibility based on SAs description. Coupled to various sources
of experimental data (e.g., B-factor) and computational methodology (e.g., Molecular
Dynamic simulation), SAs tum out to be powerful tools to analyze protein dynamics,
e.g., to examine allosteric mechanisms in large set of structures in complexes, to identify
order/disorder transition. SAs were also shown to be quite efficient to predict protein
flexibiity from amino-acid sequence. Finally, in this review, we exemplify the interest of
SAs for studying flexibility with different cases of proteins implicated in pathologies and
diseases.

alphabet, protein folding, allostery, protain

Y P

protein—DNA
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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

N,, similar in WT and variant but high AP‘S \

Interaction reshuffle (no conservation) \ ,

—Structural desorganization A\ ﬁ X |
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Results : Global variant mobility

R724Q \ 4 v
v

L653R ' I

W

C674R ' I
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Results : Global variant mobility

R724Q 4

F

L653R

C674R
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» 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 ?

» Future: Study of this and others integrins

42

Conclusion (1) Dlco
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» Last developments: deposit on ArXiv

Peerl]

https://github.com/pierrepo/PBxplore

GitHub This repository

pierrepo / PBxplore

Explore Features

A program to explore protein structures with Protein Blocks

312 commits

3 branches 0 releases

Enterprise

3 contributors

Blog B soen

@Watch 5 A Star 6 YFork 6

ﬁ Branch: master - PBxplore / +

Improved regression tests, demo and doc for PBelust.py

&, pierrepo authored 26 days ago

B demo1

B demo2

8 demo_paper
I doc

B test_data

B .coveragerc
gitignore
travis.yml

LICENSE

PBassign.py

PBclust.py

PBcount py

PBlib.py
PBs_substitution_matrix.dat
PBstat py

PDBIib. py

README.md

dev_requirements.txt

added more test files for PDBX/mmCIF format
Number of cluster is now a mandatory option in PBclust.py
Added imges in demo_paper

Improved regression tests, demo and doc for PBclust.py
Uncomment the test for PBcount with negative shift

added _coveragerc for travis

Ignore png file only in the root directory

Make travis-Cl install R

Fixed #12 - added a more permissive license (MIT)

Remove the PB_assign function

—clusters and —compare options are now mutually exclusive
Fixed #47 —first-residue option of PBcount. py can be < 0
Simplify PBassign command line function

New tool to cluster sequences based on PBs similarities
Merge pull request #56 from jbamoud/module_clust

Improve "PBassign’ modularity

Begining for issue #30. More to add

Adapt the tests for when MDAnalysis is missing

latest commit

<> Code
@ Issues 1
I Pull requests 0
265945270 B2 4~ Pulse
7 months ago o Craphe

3 months ago

Smonths ago | HTTPSclone URL

github.com/j

26 days ago
‘You can clone with HTTPS or

3months ago | Subversion.®
6 months ago [ Clone in Desktop
5 months ago &> Download ZIP

3 months ago
11 months ago
2 months ago

26 days ago
3 months ago
2 months ago

2 years ago
3 months ago
3 months ago
5 months ago

5 months ago

now published in

- L33
— P33
‘V33

AN LT

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
7 11 16 21 26 31 36 41 46 51 56

Residue number
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Calf-1 + Calf- 2
» No impact of the forcefield used Soubika Bisoo

. . . (master 2 student)
» No impact on the domains cutting

B-Propeller B-1
a0 '(::! 6 1 —— calfl simulation
&Q&% —— calf1calf2 simulation

ot |
Thigh *\ ,..:;]_ os)

nRMSF
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Calf-1 + Calf-2
» BUT allosteric effect of Calf-2 variant on Calf-1 domain !

B-Propel?/ B-I
AN
- :%*\\ :\ Hybrid
Thigh - 1 ‘“\
8 §$\ =} s
& 4} reer
.} rEGR2

"5.‘\ T 1-EGF3
at ]- I-EGF4

»,@r]_ B-Tail

Calf-1: APB B
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Conclusions (2) DSHED

» Secondary structures are useful tools, but they have their
own limitations

» Other complementary approaches are interesting, i.e., a
simple structural alphabet as the Protein Blocks

» They can help to analyze molecular dynamics, i.e., you can
see what you can see without.
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» Thanks to last Belbi 2016, I am now really more interested
into this question

PED?3: Protein Ensemble Database

The database of conformational ensembles describing flexible proteins

Select experimental data type: NMR ~— SAXS ~ BOTH . ANY Q Go!

Welcome to the Protein Ensemble Database!

Structural heterogeneity is intimate to the functioning of many proteins and thus describing a protein with a single native structure is often insufficient
to elucidate its function. In particular, intrinsically disordered proteins (IDPs) can only be approached by solution techniques and described as structural
ensembles. The same is true for multidomain proteins that have disordered linkers. Apparently, the ensemble representations of these proteins carry
essential function-related information, yet they have not been available until now.

What is an IDP?

Read more about IDPs...

The goal of PED is to serve as an openly accessible database for the deposition of structural information on IDP- and denatured protein ensembles

ensitrﬁ)lzr]’ based on Nuclear Magnetic Resonance (NMR) and Small-angle X-ray Scattering (SAXS) data. We are also hosting purely computational models,
: typically from Molecular Dynamics (MD) simulations. The deposition of structural coordinates as well as primary data can be used for evaluating and
re-calculating the ensembles, thus supporting the evolution of new modeling methods leading to much improved skills of connecting “unstructure"A
with function.
Read more about ensembles...
Latest news Data submission is temporarily suspended until further notice
TWeets o, epotnensemvi N PED stores 25473 protein structures of 60 ensembles in 24 entries as of 06/17/2018
04:43:16 pm
‘v\\; PED For citing PED, please refer to: Mihaly Varadi, Simone Kosol, Pierre Lebrun, Erica Valentini, Martin
: 1semble Blackledge, A. Keith Dunker, Isabella C. Felli, Julie D. Forman-Kay, Richard W. Kriwacki, Roberta
Plerattelli, Joel Sussman, Dmitri I. Svergun, Viadimir N. Uversky, Michele Vendruscolo, David 47
The Protem Ensemble Database (PED) IS gomg under a Wishart, Peter E. Wright and Peter Tompa 'pE-DB: a database of structural ensembles of

and af Nunlain Anide Rae 2014 lan (Natahaea leenal
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» Thanks to last Belbi 2016, I am now really more interested
into this question

10 4

Yes, real disorder everywhere

Neq

40 60
Residue number
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» Thanks to last Belbi 2016, I am now really more interested

into this question

Not really

Neq
Neq

40 60 T T
Residue number o 60
Residue number
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Flexibility, mobility, disorder ... I
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» PBs can be a good tool for that--- needs more works

Rigid = flexible =  disorder

Rigid / mobile = flexible/ =  disorder
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