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DSIMB: a bioinformatics team 

1.  The team 

Unit INSERM UMR_1134 – Red Blood Cell Integrated Biology (BIGR)  
http://www.u665.inserm.fr/lang/en 
 

  Team n°2 - Structural Dynamics and Interactions of  
   Biological Macromolecules (DSIMB) 
                 http://www.dsimb.inserm.fr 
             
      @DSIMB_Lab 

 
 
 
Other 3 teams are (wet) experimental ones. 3 



DSIMB: a bioinformatics team 

1.  The team 
 
Localisation: National Institute for Blood Transfusion (PARIS) 
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DSIMB: a bioinformatics team 

1.  The team 
 
Associated to University Paris Diderot, Sorbonne Paris Cité  
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DSIMB: a bioinformatics team 

1.  The team 
 
Associated to University de la Réunion  
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DSIMB: a bioinformatics team 

1.  The team 
 
Team 1 is associated to University Antilles  
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DSIMB: a bioinformatics team 

1.  The team 
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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) 
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DSIMB: a bioinformatics team 

sequence 

>ITB3_HUMAN Integrin beta-3 
MDSSNVLQLIVDAYGKIRSKVELEVRDLPEELSLSFNATCLNN
EVIPGLKSCMGLKIGDTVSFSIEAKVRGCPQEKEKSFTIKPVG
FKDSLIVQVTFDCDCACQAQAEPNSHRCNNGNGTFECGVCRCG
PGWLGSQCECSEEDYRPSQQDECSPREGQPVCSQRGECLCGQC
VCHSSDFGKITGKYCECDDFSCVRYKGE..



DSIMB: a bioinformatics team 

sequence 

structure 

>ITB3_HUMAN Integrin beta-3 
MDSSNVLQLIVDAYGKIRSKVELEVRDLPEELSLSFNATCLNN
EVIPGLKSCMGLKIGDTVSFSIEAKVRGCPQEKEKSFTIKPVG
FKDSLIVQVTFDCDCACQAQAEPNSHRCNNGNGTFECGVCRCG
PGWLGSQCECSEEDYRPSQQDECSPREGQPVCSQRGECLCGQC
VCHSSDFGKITGKYCECDDFSCVRYKGE..



DSIMB: a bioinformatics team 

sequence 

structure 

dynamics 

>ITB3_HUMAN Integrin beta-3 
MDSSNVLQLIVDAYGKIRSKVELEVRDLPEELSLSFNATCLNN
EVIPGLKSCMGLKIGDTVSFSIEAKVRGCPQEKEKSFTIKPVG
FKDSLIVQVTFDCDCACQAQAEPNSHRCNNGNGTFECGVCRCG
PGWLGSQCECSEEDYRPSQQDECSPREGQPVCSQRGECLCGQC
VCHSSDFGKITGKYCECDDFSCVRYKGE..



DSIMB: a bioinformatics team 

sequence 

structure 

function 

dynamics 

>ITB3_HUMAN Integrin beta-3 
MDSSNVLQLIVDAYGKIRSKVELEVRDLPEELSLSFNATCLNN
EVIPGLKSCMGLKIGDTVSFSIEAKVRGCPQEKEKSFTIKPVG
FKDSLIVQVTFDCDCACQAQAEPNSHRCNNGNGTFECGVCRCG
PGWLGSQCECSEEDYRPSQQDECSPREGQPVCSQRGECLCGQC
VCHSSDFGKITGKYCECDDFSCVRYKGE..



DSIMB: a bioinformatics team 
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Methodological 
developments 



DSIMB: a bioinformatics team 
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Methodological 
developments 

and applications 
 

Red Blood Cells 
(transfusion, platelets) 

Labex GREx 



DSIMB webservers 
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2.  The different webservers, databases & tools 
http://www.dsimb.inserm.fr/tools/ 

 
13 webservers  
  9 databases 
  7 tools 
 



DSIMB webservers 
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I.  The specific case of transmembrane protein structural 
model 

sequence 

Structural 
model 



DSIMB webservers 
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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/) 

Postic G, Ghouzam Y, Gelly 
JC (2015) An empirical energy 
function for structural 
assessment of protein 
transmembrane domains. 
Biochimie. 115:155-61. 



DSIMB webservers 
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HPMScore a specific transmembrane protein learning to select best 
structural model. (http://www.dsimb.inserm.fr/dsimb_tools/hpmscore/) 

Esque J, Urbain A, Etchebest 
C, de Brevern AG (2015) 
Sequence-Structure 
relationship study in all-alpha 
transmembrane proteins using 
an unsupervised learning 
approach. Amino Acids. 
47(11):2303-22 for v.1 



DSIMB webservers 
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I.  The specific case of transmembrane protein structural 
model 

sequence 

Structural 
model 

Embedded  
In bilayer 



DSIMB webservers 
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ANVIL (Assignment aNd VIsualization 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. 



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

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 



DSIMB webservers 
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I.  The specific case of transmembrane protein structural 
model 

sequence 

Structural 
model 

Embedded  
In bilayer 

database 



DSIMB webservers 
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TMPL. A database of transmembrane protein structures (α-helical and β-
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, 
bax022. 



DSIMB webservers 
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II.  Analysis of protein structures.  



DSIMB webservers 
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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. 



DSIMB webservers 
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PolyPrOnline. Polypronline is a webserver dedicated to the assignment of 
PolyProline II helices (http://www.dsimb.inserm.fr/dsimb_tools/polyproline/). 

Chebrek R, Leonard S, de 
Brevern AG, Gelly J-C (2014) 
PolyprOnline: polyproline 
helix II and secondary 
structure assignment database. 
Database. 2014:bau102. 



DSIMB webservers 
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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-SD/). 

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. 



DSIMB webservers 
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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/) 

Gelly J-C, de Brevern AG (2011) 
Protein Peeling 3D: New tools 
for analyzing protein structures. 
Bioinformatics. 27(1):132-3. 



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

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



DSIMB webservers 
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III.  Protein families and functions.  



DSIMB webservers 

31 

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 



DSIMB webservers 
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RESPIRE. The database aims at providing a comprehensive structural view 
of the Red Blood Cell protein content. (http://www.dsimb.inserm.fr/respire/). 



DSIMB webservers 

33 

RESPIRE.  



Structural alphabet 

3.  Protein structure analysis, prediction and flexibility in the 
light of a structural alphabet 
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helix 
(1/3 of residues) 

strands 
(1/5 of residues) 

Structural alphabet 

Ø  That’s the only data we have 

35 



Structural alphabet 
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Ø Another vision  



Structural alphabet: principle 

Ø  Structural Alphabet (SA):  
    Structure approximation (3D -> 1D) 

37 

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 



Structural alphabet: principle 

38 38 

>153L [secondary structures] 
HHHHCCCCCCCCCCCCCCCHHHHHHCCCCCCCHHHHHHH 
HHHHHHHHHHHHHHHHCCCCCCCHHHHHHHHHCCCCCCC 
CCCCCCCCCCCCCCCCCCCCCCCCCCHHHHHHHHHHHHH 
HHHHHHHHHCCCCCHHHHHHHHHHHCCCCEEEEECCCCC 
CCCHHHHHHHHHHHHHHCCCC 
 

>153L [secondary structures] 
HHHH               HHHHHH       HHHHHHH 
HHHHHHHHHHHHHHHH       HHHHHHHHH        
                          HHHHHHHHHHHHH 
HHHHHHHHH     HHHHHHHHHHH    EEEEE      
   HHHHHHHHHHHHHH     
 

>153L [structural alphabet] 
ZZmnopfklpccebjafklmmmnopabecjklmmmmmmmmm 
mmmmmmmmmmmmmmmmnopafklmmmmmmmmnooolapgeh 
iafkopagcjkopafklmccehjfklmklmmmmmmmmmmmm 
mmmmmmmmmbcfklmmmmmmmmmmnomklmnbfklmmgoia 
hilmmmmmmmmmmmmmmnoZZ 
 



Structural alphabet: principle 

39 
16 Protein Blocks 

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 



Structural alphabet : 
superimposition 

40 

>2aak 
zzfklmmmmmmmmmmmmmcceh
iacdddfkbmkbccddddddeh
iakgopacdddddddfkbckbc
cddddfbdcddfklcfkopacd
fklmmmgcfkbcfklmmmmmmm
mmmmccfklcfblmlmmmmmmm
mmlmmmmmmmmmmmmmzz 

PBs 

Similarity detection? 

Manoj TyagiN. Srinivasan



Structural alphabet : 
superimposition 

41 

? 

KBCCDDDDFBFKLMMMMMMMMMMNOPABDCDDFB
FKLMMMMMMNGOIABDCDDFBDGHILMLMMMMMM
MMPMKLMMPCCDDDDFBDCFKLMMMMMMNOPABD
CDDDDDFKLMMMMMMMMMMMNO 

DDDDFKOMMMMMMMMMMMMMMMNOPACDDDDFKL
PCFKLMMMPFBDCDDDDDEHJLPACFKLMMMMMM
MMMMMMGHIACDDEHIAFKLNOMMMMMMMMMMMM
NOPACFBACDDDEHJACKLMMMMMMMMMMMMM 

2fox 3chy 



Structural alphabet : 
superimposition 

42 

KBCCDDDDFBFKLMMMMMMMMMMNOPABDCDDFB
FKLMMMMMMNGOIABDCDDFBDGHILMLMMMMMM
MMPMKLMMPCCDDDDFBDCFKLMMMMMMNOPABD
CDDDDDFKLMMMMMMMMMMMNO 

DDDDFKOMMMMMMMMMMMMMMMNOPACDDDDFKL
PCFKLMMMPFBDCDDDDDEHJLPACFKLMMMMMM
MMMMMMGHIACDDEHIAFKLNOMMMMMMMMMMMM
NOPACFBACDDDEHJACKLMMMMMMMMMMMMM 

2fox 3chy 

local / global alignment  
Substitution matrix based on already superimposed proteins taken from the database PALI 

 



Structural alphabet : 
superimposition 

43 43 

3chy_: KBCCDDDDFBF--KLMMMMMMMMMMNOPABDCDDFBFKLMMMMMMNGOIABDCDDFBDGHI 
2fox_: ---DDDDFKOMMMMMMMMMMMMMMMNOPACDDDD--FKLPCFKLMMM-PFBDCDDDDDEHJ 
 
3chy_: LM--LMMMMMMMMPMKLMMPCCDDDDFBDCFKL-----MM-MMM-M-NOPA--BDCDDDD- 
2fox_: LPACFKLMMMMMMMMMMMMGHIACDDEHIAFKLNOMMMMMMMMMMMMNOPACFBACDDDEH 
 
3chy_: -DFKLMMMMMMMMMMMNO 
2fox_: JACKLMMMMMMMMMMMMM 

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. 

+ 



Structural alphabet : 
superimposition 

Ø  French-Indian collaboration: CEFIPRA grant (2008-2012): 
 with Pr. N. Srinivasan (Bangalore) 

 
 Joseph Agnel Praveen   

 
     pairwise superimposition and mining of similar folds 
   (new substitution matrix / new alignment) 

44 

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. 

iPBA:  
http://www.dsimb.inserm.fr/dsimb_tools/ipba/ 



Structural alphabet : 
superimposition 

Ø  improvement of multiple structure alignments: improvement > 85% of 
cases 

45 

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. 

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



Structural alphabet : 
superimposition 

46 

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/). 

Mahajan S, Iftekar M, Agarwal 
G, Offmann B, de Brevern AG, 
Srinivasan N (2013) DoSA: 
Database of Structural 
Alignments. Database 2013:48. 



Structural alphabet : prediction 

47 

>predPB 
zzfklmmmmmmmmmmmmmcceh
iacdddfkbmkbccddddddeh
iakgopacdddddddfkbckbc
cddddfbdcddfklcfkopacd
fklmmmgcfkbcfklmmmmmmm
mmmmccfklcfblmlmmmmmmm
mmlmmmmmmmmmmmmmzz 

Prediction of PBs 

Protein structural model 

>protseq 
MSSADKERLARENHSEIERRRR
NKMTAYITELSDMVPTCSALAR
KPDKLTILRMAVSHMKSLRGTG
NTSTDGSYKPSFLTDQELKHLI
LEAADGFLFIVSCETGRVVYVS
DSVTPVLNQPQSEWFGSTLYDQ
VHPDDVDKLREQLSTSE 



Structural alphabet : prediction 

48 

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

Ghouzam Y, Postic G, de 
Brevern AG, Gelly JC (2015) 
Improving protein fold 
recognition with hybrid profiles 
combining sequence and 
structure evolution. 
Bioinformatics. 31:3782-9. 

Excellent CASP results 



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

Ghouzam Y, Postic G, Guerin 
PE, de Brevern AG, Gelly JC 
(2016) ORION: a web server for 
protein fold recognition and 
structure prediction using 
evolutionary hybrid profiles. Sci 
Rep. 6:28268. 



Structural alphabet : analyses of 
flexibility 

Integrins                                                         Dr. Vincent Jallu 
Platelet departement 

50 



Structural alphabet : analyses of 
flexibility 

One complex (Integrins) / 2 pathologies 
 
- Bleeding: Glanzmann's thrombasthenia is an abnormality of 

the platelets, an extremely rare coagulopathy.   
 
- Alloimmunization mother/fetus: Fetal / Neonatal alloimmune 

thrombocytopenia (FNAIT), a severe bleeding syndrome in 
which fetal / neonatal platelet destruction is mediated by 
maternal antibodies directed to specific antigens (or 
alloantigens) inherited from the father  

  
 
 
 
 
 
 
 
 

51 



Structural alphabet : analyses of 
flexibility 

52 



Structural alphabet : analyses of 
flexibility 

Ø  This protein is very flexible 

53 

We compute Root Mean Square 
Fluctuation (RMSF) 



Structural alphabet : analyses of 
flexibility 

Ø  This protein is very flexible 

54 

Residue 33 is associated to high RMSF 



Structural alphabet : analyses of 
flexibility 

Ø How to use Protein Blocks here ? 

55 

ZZfklmnopabfklmmmnpfkbccdfblkbcchiaeh
iafklmmmnopafklpccdddddddfbdcdddfblmb
ckbccdfbdcfbdcddddehiacdddddddddehiac
dddddddfbfklmmmmmmmmmgojlmmmmmmmnpcbd
cdddddddddddfklpcfbdfklmnomclmmmbdcdd
debiadfbdcbfblklmmmmmmmmccdddfblbdcfk
lmmmmmmmommmnopafkbcdddddddfbdcddehkl
mmnopabccehpacbdfkopafblmmpccddfklmmm
mmmmnopacdddbdfklmmmmmmmmmmmghiacdddd
fklmmmmmmmmmmmmmmmncccdddehiafkbccddd
ddfehjbccehiabdehiaghiacddddddddehjdd
fdddddddddehiabdcdddddddfbdfklmmpcfbg
cknojhiaccehhiacddehiacjkopafgehjlmng
jiafbfblkbcehiopaccehhiacdfbdchiaaedj
kopaccblbccfblpehhlpaccehhiacddehiacj
kopacfbfklmmgfkopghhlpaccehhiacdfbghi
edjkopacckbccfklmmmmmmmmmmnopajklmmmk
lmmmomcdcdddfbdcdebiacdcdddddfkopacdd
dddddfkopacddddfbdcdddZZ 



Structural alphabet : analyses of 
flexibility 

Ø  Then count for every snapshots, the frequency of PBs 

56 

h 

sequence 

PB
s 



Structural alphabet : analyses of 
flexibility 

Ø Both sets of simulations are quite similar 

57 

L 

P 

N
eq

 



Structural alphabet : analyses of 
flexibility 

Ø But position 33 is not ‘flexible’, it stays highly constraint è 
deformability 

58 

PB h 

PB i PB a 

N
eq

 



Structural alphabet : analyses of 
flexibility 

59 

First Conclusion 
 
Ø Not real change of the epitope, always highly accessible 

Ø But not flexible, it is rigid with deformable regions around 

Ø  Proof of interest of Protein Blocks for the analysis => does 
not correlate with RMSf 

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 β3 Subunit of the αIIb/β3 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 β3: structural comparison with the L33 (HPA-1a) and 
P33 (HPA-1b) variants. Biochimie. 105:84-90. 



Structural alphabet : analyses of 
flexibility 

Ø A more systematic approach: an example of Calf-1 domain 

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

     - L653R 
     - C674R 
     - L721V / L721R 
     - R724P / R724Q 
     - P741R 

60 

Matthieu Goguet 
(master 2 student) 



Structural alphabet : analyses of 
flexibility 

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

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

Ø  8 systems : 1 WT + 7 variants 

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

61 



Structural alphabet : analyses of 
flexibility 

Ø Analysis of WT Calf-1 

62 

RMSF 

* 

* * * 



Structural alphabet : analyses of 
flexibility 
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Structural alphabet : analyses of 
flexibility 
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Structural alphabet : analyses of 
flexibility 
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Structural alphabet : analyses of 
flexibility 
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Structural alphabet : analyses of 
flexibility 

67 



Structural alphabet : analyses of 
flexibility 

68 



Structural alphabet : analyses of 
flexibility 

Second Conclusion 

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

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

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

69 

Goguet M, Narwani TJ, Petermann R, Jallu V, de Brevern AG (2017) In silico 
analysis of Glanzmann variants of Calf-1 domain of αIIbβ3 integrin revealed 
dynamic allosteric.  Sci Rep. 7(1):8001. 



Structural alphabet : analyses of 
flexibility 

Ø  Last development: ArXiv & PeerJ.  

https://github.com/pierrepo/PBxplore 

70 

Barnoud J, Santuz H, Craveur P, Joseph AP, 
Jallu V, de Brevern AG, Poulain P (2017) 

PBxplore: A Tool To Analyze Local Protein 
Structure And Deformability With Protein 

Blocks, PeerJ. in press. 



Structural alphabet : prediction of 
flexibility 

71 

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/) 

Bornot A, Etchebest C, de Brevern 
AG (2011) Predicting Protein 
Flexibility through the Prediction of 
Local Structures. Proteins. 79(3):
839-52. 
 
de Brevern AG, Bornot A, Craveur P, 
Etchebest C, Gelly J-C (2012) 
PredyFlexy: Flexibility and Local 
Structure prediction from sequence. 
Nucleic Acid Res. 40:W317-22. 



Conclusion 

72 

Ø DSIMB is working on many interesting topics J ! 

Ø  I hope you have a nice (partial) view of our methodological 
developments. 

Ø  Essential to have a good knowledge of biology and 
methodology to do good applications (not developed here) 



Conclusion 

Ø  Three reviews to have a good views of our interest 

1. SOA of secondary structures and structural alphabet 

73 

Offmann B., Tyagi M., de Brevern A.G. (2007)  
Local Protein Structures. Current 
Bioinformatics 2: 165-202. 



Conclusion 

Ø  Three reviews to have a good views of our interest 

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

74 

Joseph AP, Agarwal G, Mahajan S, Gelly J-C, 
Swapna LS, Offmann B, Cadet F, Bornot A, 
Tyagi M, Valadié H., Schneider B, Etchebest C, 
Srinivasan N, de Brevern AG (2010) A short 
survey on Protein Blocks. Biophysical Reviews 
2(3):137-145. 



Conclusion 

Ø  Three reviews to have a good views of our interest 

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

75 

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. 



Ø  Thank you 

76 



SUP SUP 

77 



Protein Architecture 

Ø Various functions, various binding sites … 

78 



79 

 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) 

No simple 
concensus 
between methods 

Secondary structures: some 
questions 
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J. Martin, G. Letellier, J.F. Taly, A. Martin, A.G. de Brevern & J.F. Gibrat (BMC Structural Biology, 2005) 

Secondary structures: some 
questions 

http://migale.jouy.inra.fr/mig/mig_fr/servlog/kaksi/ 
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Moreover … 

Secondary structures: some 
questions 



Secondary structures: some 
questions 

 

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

Ø At a local level. 
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STRUCTURAL ALPHABET 

83 



Protein Blocks 

84 

Ø Coding the structure 

5 residues => 8 dihedral angles (φ, ψ) 
 



… ψi-2-φi-1-ψi-2-φi-ψi-φi+1-ψi+1-φi+2 … 

fragment f   
(5 aa, 8 dihedral 

angles) 

Protein Blocks 



… ψi-2-φi-1-ψi-2-φi-ψi-φi+1-ψi+1-φi+2 … 

fragment f   
(5 aa, 8 dihedral 

angles) 
) 

distance computation => 16 scores The smallest 

Protein Blocks 



>153L 
ZZmnopfklpccebjafklmmmnopabecjklmmmmmmmmm 
mmmmmmmmmmmmmmmmnopafklmmmmmmmmnooolapgeh 
iafkopagcjkopafklmccehjfklmklmmmmmmmmmmmm 
mmmmmmmmmbcfklmmmmmmmmmmnomklmnbfklmmgoia 

hilmmmmmmmmmmmmmmnoZZ 
 

Example PB a 

The smallest 

Protein Blocks 



Structural alphabet 
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16 Protein Blocks 

Pr. Serge Hazout 

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

2000).  
 



Structural alphabet 

Ø  PBs & secondary structure 
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PB d  29.0% coil   71.0 β   

PB g      2.0% α   
        76.2% coil   
           21.9%  β   

PB m 92.3% α 7.6% coil   



A structural alphabet 
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Approximation  of local structure 1-4 

Structural alignments 5-12 

Approximation  of longs fragments 
1.  Structural Words 15 

2.  HPM 16,17 

Prediction & Analyses 
1.  PBs 1,18-20 

2.  Structural Words 21  
3.  HPM 22-24 

4.  Short loops 25-27 

5.  DARC 28-29 

 6.     Mutations 30   
        7.     Contacts 31 

 8.     Flexibility 32 

 9.     Allostery 33 
 10.   protein domain linker 34 

 

1 (Proteins, 2000) 
2 (ISB, 2005) 
3 (CBIO, 2007) 
4 (Biophys Rev, 2010) 
5 (Proteins 2006) 
6 (NAR, 2006) 
7 (Proteins, 2008) 
8 (PlosOne, 2011) 
9 (Biochimie, 2011) 
10 (NAR, 2011) 
11 (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) 
29 (IDDT, 2009) 
30 (EBJ, 2007) 
31 (Biochimie, 2009) 
32 (Proteins, 2011), 33 (BMC Struct Biol, 2012), 34 (JBSD, 2013c) 
+ book chapters (2001, 2005, 2007, 2010 & 2010). 

1.  Omega angles 13 

2.  NMR 14 



Ø Original Proteins 2000 paper :  

     Web Of Sciences  148 
 

     Google scholar  280 
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