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g -coiled interface

Heptad repeat: « gbcgefg »

l interactions I

1- Crick FHC (1953). Acta Crystallogr é: 689697,
2- Lupas A (1994). Trends Biochem 3ci 21: 375-382.
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Focus on one interface geometry: two aligned g-strands

D: 96-103, E: 23-31

* less understood than e-coil; “planar” geometry: much less constrained than «

* many pathologies (Alzhsimer, Parkinson, cholera, ...)

classes: continuous g-sheet, p-sandwich Guharoy, Chakrabarti 2007

10116
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FIGURE: Abstract view of C, symmetry. A tetramer formed by a
single interface between the part / and /. Each chain is adjacent via
the interface to exactly 2 other chains
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Proteins and interfaces Tilings of the plane Fibers

Lethal

FIGURE: Heptamer 4H56 in the PDB with each chain adjacent to 2
other chains. Remark that in the beta barrel the adjacency between
pairs of chains is the same as in the other part of the heptamer. This
implies an oligomerization with exactly 1 interface.
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Protein Interfaces
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Protein Data Bank
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PROTEIN DATA BANK As of Tuesday Sep 02, 2014 at 5 PM PDT there are 103015 Structures

Athr Moo Seamrn Ut @

Advanced €.g., PD8 ID, molecule name, author
Browse ‘Search History , Previous Results

Display Files ~
Download Files

CHOLERA TOXIN B-PENTAMER COMPLEXED WITH METANITROPHENYL-ALPHA-D- 1 EEI
GALACTOSE

[

DO1:10.2210/pdbieei/pdb

Blological Assembly
Exploration of the GM1 and cholera toxin by
derivatives.

Fan, E.», Merritt, EA.7, Zhang, Z.5, Pickens, J.

Roach, C.~, Ahn, M., Hol, W.G.

001) Acta Crystallogr Sect.D 57: 201-212
PubMed: 11173465 (7

Search Related Articles in PubMed 5]

PubMed Abstract:

Cholera toxin (CT) and the closely

of (LT) are responsible for numerous cases of diarrhea
worldwide, leading to considerable morbidity and mortality. The 8 subunits of these heterohexameric AB(S) toxins form a pentameric
arrangement which... [ Read More & Search PubMed Abstracts ]

+ Molecular Description

Lol | & 3D View More Images...
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memeer or e SIPIDES  @EMDataBank
An Information Portal to Biological Macromolecular Structures

PDB Statistics | M4 @ &
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& Display Files

CHOLERA TOXIN B-PENTAMER COMPLEXED WITH METANITROPHENYL-ALPHA-D- 1 EEI £ Download Files -
GALACTOSE
NOTE: Use your mouse to drag, rotate, and zoom in and out of the structure. @ Structure Details @

Structure Bological Assembly |

Symmetry Type Giobal Symmetry

Symmetry cs

Stoichiometry s

Select Orientation

] Front C5 axis [

Select Display Mode @
Subunit
Symmetry

Custom View
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¥ Display Files

CHOLERA TOXIN B-PENTAMER COMPLEXED WITH METANITROPHENYL-ALPHA-D- 1 EEI £ Download Files
GALACTOSE

NOTE: Use your mouse to drag, rotate, and zoom in and out of the structure. @ Structure Details @

Structure Biological Assembly 1
Symmetry Type Global Symmetry. :
Symmetry cs

Stoichiometry As

Select Orientation
2 Front C5 axis 8
Select Display Mode @
Secondary Structure
Subunit

Symmetry

Custom View options

style Space il
Color Subunit
Surface Nane
3mol mode HTMLS (et
Biological assembly 1 assigned by authors and generated by PISA @ H-Bonds S5 Bonds
Rotation @Black Background
Polyhedron Axes
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HEADER TOXIN 31-JAN-00 1EEI

TITLE CHOLERA TOXIN B-PENTAMER COMPLEXED WITH METANITROPHENYL-
TITLE 2 ALPHA-D-GALACTOSE

COMPND MOL ID: |;

COMPND 2 MOLECULE: PROTEIN (CHOLERA TOXIN B);

COMPND 3 CHAIN: D,E, F, G, H;

COMPND 4 ENGINEERED: YES;

COMPND 5 OTHER_DETAILS: RECEPTOR BINDING SITE ON EACH MONOMER
COMPND 6 OCCUPIED BY METANITROPHENYL-ALPHA-D-GALACTOSIDE
SOURCE MOL_ID: 1;

SOURCE 2 ORGANISM_SCIENTIFIC: VIBRIO CHOLERAE;

SOURCE 3 ORGANISM_TAXID: 666;

SOURCE 4 STRAIN: OGAWA 41 (CLASSICAL BIOTYPE);

SOURCE 5 EXPRESSION SYSTEM: ESCHERICHIA COLI

SOURCE 6 EXPRESSION_SYSTEM_TAXID: 562

KEYWDS TOXIN,ENTEROTOXIN

EXPDTA X-RAY DIFFRACTION

AUTHOR E.AMERRITT,W.G.J.HOL
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THR PRO GLN ASN ILE THR ASP LEU CYS ALA GLU TYR HIS
ASN THR GLN ILE HIS THR LEU ASN ASP LYS ILE PHE SER
TYR THR GLU SER LEU ALA GLY LYS ARG GLU MET ALA ILE
ILE THR PHE LYS ASN GLY ALA THR PHE GLN VAL GLU VAL
PRO GLY SER GLN HIS ILE ASP SER GLN LYS LYS ALA ILE
GLU ARG MET LYS ASP THR LEU ARG ILE ALA TYR LEU THR
GLUALALYS VAL GLU LYS LEU CYS VAL TRP ASN ASN LYS
THR PRO HIS ALA ILE ALA ALA ILE SER MET ALA ASN

THR PRO GLN ASN ILE THR ASP LEU CYS ALA GLU TYR HIS
ASN THR GLN ILE HIS THR LEU ASN ASP LYS ILE PHE SER
TYR THR GLU SER LEU ALA GLY LYS ARG GLU MET ALA ILE
ILE THR PHE LYS ASN GLY ALA THR PHE GLN VAL GLU VAL
PRO GLY SER GLN HIS ILE ASP SER GLN LYS LYS ALA ILE
GLU ARG MET LYS ASP THR LEU ARG ILE ALA TYR LEU THR
GLU ALA LYS VAL GLU LYS LEU CYS VAL TRP ASN ASN LYS
THR PRO HIS ALA ILE ALA ALA ILE SER MET ALA ASN

THR PRO GLN ASN ILE THR ASPLEU CYS ALA GLU TYR HIS
ASN THR GLN ILE HIS THR LEU ASN ASP LYS ILE PHE SER
TYR THR GLU SER LEU ALA GLY LYS ARG GLU MET ALA ILE
ILE THR PHE LYS ASN GLY ALA THR PHE GLN VAL GLU VAL
PRO GLY SER GLN HIS ILE ASP SER GLN LYS LYS ALA ILE

gs and networks
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ATOM 1 N THRD 1 38.037 31.348 29.5862 1.0033.00
ATOM 2 CATHRD 1 363589 31.127 30.121 1.003555
ATOM 3 C THRD 1 35742 31.862 29.096 1.0033.96
ATOM 4 O THRD 1 35831 33.092 28952 1.0032.50
ATOM 5 CB THRD 1 36193 31.558 31545 1.0035.17
ATOM 6 OGITHRD 1  36.841 30.686 32.469 1.0039.57
ATOM 7 CGZTHRD 1 34687 31.426 31.763 1.00 33.50

ATOM & N PROD 2 34892 31.113 28372 1.0033.37
ATOM 9 CAPROD 2 34031 31.737 27.351 1.00 34,14
ATOM 10 C PROD 2 33,093 32.795 27.950 1.00 31.05
ATOM 11 O PROD 2 32,735 32,731 29.127 1.00 32.31
ATOM 12 CB PROD 2 33.273 30.536 26.746 1.0034.27
ATOM 13 CG PROD 2 33.247 29.524 27.908 1.00 35.08
ATOM 14 CD PROD 2 34641 29.662 28498 1.0029.79
ATOM 15 N GLND 3 32710 33.770 27.141 1.00 29.08
ATOM 16 CA GLND 3 31.830 34806 27.619 1.0030.28
ATOM 17 C GLND 3 30464 34666 27.011 1.0027.08
ATOM 18 O GLND 3 29.554 35366 27.398 1.00 25,73
ATOM 19 CB GLND 3 32414 36.182 27.330 1.0039.02
ATOM 20 CG GLND 3 33.767 36.404 28.018 1.00 48.24
ATOM 21 CD GLND 3 33.898 37.791 28.618 1.00 51.86
ATOM 22 QEIGLND 3 32950 38339 29.188 1.00 54.42
ATOM 23 NE2GLND 3 35083 38370 28499 1.00 53.78

Z 00 A7
2000092020002 0%q00% 0
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GEMINI

Interactions at the interface
GEMINI

+ Interaction patterns
+ Large ensembles of data
« Time: 0.1 s/protein

96 103
B B B R
1A 1 N
D x x
J Agence pour |a protection des programmes, 2009
: G. Feverali, C. Lesieur, Plos ONE 2010
G. Feveratiet al, Plos ONE 2012
9 .53’ B
e ¥ &7 I %
L E T F K
- Pop K
31 L 4116
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GEMINI

. Ro={(a,b)
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/ \\ {(a,b) € Ry s.t. d(a, b) =
G. Feveratl, C. Lesieur, L. Vil {mlndGA{d(d, b)}}
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Example: B-interfaces: cholera toxin, Alzheimer,
Parkinson...
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Peptide sequence inhibitors
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Symmetry
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Dihedral

( Display Files -
‘ Atomic Model of Mm-cpn in the Closed State

| BLOS = soimemarias-
DOI:10.2210/pdb3los/pdb

EMDataBank [7:5137

\:ENTRV 3L0S SUPERSEDES 31IYE

)

Mechanism of folding chamber closure in a group II chaperonin.

Zhang, 3.5, Baker, M.L./, Schroder, G.F., Douglas, N.R., Reissmann, S.7, Jakana, 3., Dougherty, M., Fu, C.J.7, Levitt,
M.2, Ludtke, S.3.7, Frydman, 3.5, Chiu, W.

Journal: (2010) Nature 463: 379-383
PubMed: 20090755 (!
PubMedCentral: PMC2834796 [

DOI: 10.1038/nature08701 (7'
Search Related Articles in PubMed

PubMed Abstract:

Group I cnaveromns are essential mediators of cellular protein folding in eukaryotes and archaea. These oligomeric protein machines, & 3D view
dalton, consist of two. a central cavity that accommodates polypeptide substrates. N
Chaperomn»memated protein folding Is ciically dependent... [ Read More & Search PubMed Abstracts |

More Images...
Symmetry: D8 view
: Homo 16-mer - AL6

+ Molecular D-crlvlkn

g | Biological assembly 1 assigned by authors
T p— Downloadable viewers:
Structure Welght: 932552 810 simple Viewer Protein Workshop
Kiosk Viewer
Molecule: Chaperonin
Polymer: 1 protein Length: 543 )

R. Dorantes Gi
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Dihedral

‘ Atomic Model of Mm-cpn in the Closed State

| 3LOS

isplay Files »
Download Files ~

Only CA atoms are being shown in order to display this large structure in Jmol
NOTE: Use your mouse to drag, rotate, and zoom in and out of the structure. @

ntes Gilar and L. Vuillon

Structure Details @

Structure [ Biological Assembly 1

Symmetry Type [ Global symmetry.

Symmetry b8
Stoichiometry Ale

Select Orientation
[ ] Front C8 axis [ ]
Select Display Mode @
Secondary Structure
Subunit

Symmetry

Custom View options

Style

[ Space Fil 5]
Color [ subunit

Surface [ Nene

Imol mode

[ HTMLS (beta)
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Tetrahedral

r \ € Display Files ~

‘ Crystal Structure of an archaeal aminopeptidase ‘ 1XFOQ = oowntoadrites -
DOT:10.2210/pabixfo/pdb

Crystal a

Russo, S.7, Baumann, U.;
Journal: (2004) 1.Biol.Chem. 279: 51275-51281

PubMed: 15375159 (4

DOI: 10.1074/jbe.M409455200 &7
Search Related Articles in PubMed 51
PubMed Abstract:

Protein turnover is an essential process in living cells. The degradation of cytosolic polypeptides is mainly carried out by the proteasome,
resulting in 7-9-amino acid long peptides. Further degradation is usually carried out by energy-independent proteases like the tricorn
protease... [ Read More & Search PubMed Abstracts |

+ Molecular Description

Hide More Images.
ssification:  Hydrolase
Structure Weight: 158566.63
pcturaWelg o Stoichiometry: Home 12-mer - A12
Frv operon protein FrvX. Biological assembly 1 assigned by authors
1 pe: protein Length: 357 and generated by PISA,PQS (software)
ABCD Downloadable viewers:
34110 @
Organism: Pyrococcus horikoshii £ ST R
Gene Names: frvX PH1527 Kiosk Viewer
UniProtks: [E] Protein Feature View | Search PDB.© | 059196 (% L

R. Dorantes Gi € Tilings and networks
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Tetrahedral

[#] Display Files =

Crystal Structure of an archaeal aminopeptidase 1xFo % pownload Files ~
Only CA atoms are being shown in order to display this large structure in Jmol.
NOTE: Use your mouse to drag, rotate, and zoom in and out of the structure. @ Structure Details @
Structure Biological Assembly 1
Symmetry Type Global Symmetry
Symmetry T
Stoichiometry A12

Select Orientation
Front 3-fold axis vertex-centered
Select Display Mode @
Secondary Structure
Subunit

Symmetry View options
#Polyhedron AAxes

Custom View
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Octahedral

Tilings of the plane

Adjacent atom networks

1t d self- bl

& . N
‘ Crystallized in space group P4

Octahedral Cage protein, 0333,

Only CA atoms are being shown in order to display this large structure in Jmol.

NOTE: Use your mouse to drag, rotate, and zoom in and out of the structure. @

Structure Details @

Structure Biological Assembly 1
Symmetry Type Global Symmetry.
Symmetry o

Stoichiometry h24

Select Orientation

B 4-fold axis vertex-centered [
Select Display Mode @
Secondary Structure
Subunit

Symmetry View options

 Polyhedron Faxes

Custom View

Network measure and propa

¥ Display Files -

ADDF :cevmetmiee-
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Icosahedral

Display Files

3131 = vownionariies-

‘ Life in the extremes: atomic structure of Sulfolobus Turreted Icosahedral Virus

DOI:10.2210/pdb3j31/pdb EMDataBank (7' :5584
Primary Citatien —
Atomic structure of the 75 MDa i by CryoEM and X-ray

crystallography.

Veesler, D. %, Ng, .., Sendamarai, AK.?, Eilers, B.J., Lawrence, C.M. 7, Lok, S.M.7, Young, MJ.?, Johnson, J.E., Fu,
G5

Journal: (2013) Proc.Natl.Acad.Sci.USA 110z 5504-5509

PubMed: 23520050 ('

PubMedCentral: PMC3619359 [/l

DOI: 10.1073/pnas.1300601110 &7

Search Related Articles in PubMed /5

PubMed Abstract:

Sulfolobus turreted icosahedral virus (STIV) was isolated in acidic hot springs where it infects the archeon Sulfolobus solfataricus. We.
determined the STIV structure using near-atomic resolution electron microscopy and X-ray crystallography allowing tracing of structural

polypeptide chains and visualization of... [ Read More & Search PubMed Abstracts 1 & 30 view More Images...
{ )| symmetry: 1 view
+ Molecular Description Hide i'::;';’:‘:gs"; Hetensi 02U e
Clasa oo SR sk RE A ) No info available for origin of biological
Structure Weight: 635329.60 @
assembly
A223 penton base Downloadable viewers:
H Type: prateln Length: 23 Simple Viewer Protein Workshop

Sulfolobus turreted icosahedral virus 1 5 Kiosk Viewer
Gene Name: -
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FIGURE: Protein oligomers and fibers. A. Protein oligomer.
Cholera toxin B pentamer (CtxBs) is shown (PDB code 3CHB). B.
Oligomer to fiber transition. Each monomer is indicated by a

different color.
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Tilings of the plane

Définition

A polyomino is the interior of a closed non intersecting path in a
square lattice.

\
- P
Vi

Py

AN

[ ]
A\
/1 LA

R. Dorantes Gilardi, C. Lesieur Vuillon Tilings and networks 35/103



Tilings of the plane

Tilings of the plane

Definitions

A tiling by translation of a polyomino P is a covering of R? by
translation of copies of P without overlapping or hole.

R. Dorantes Gilardi, C. Lesieur and L. Vuillon Tilings and networks 36/103



Tilings of the plane

Tilings by translation
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Tilings by translation

111
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Tilings by translation
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Tilings by translation

R. Dorantes Gilardi, C. Lesieur a Vuillon Tilings and networks 40/103



Tilings of the plane

Tilings by translation
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Tilings by translation
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Tilings by translation
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Tilings of the plane

Isometries of the plane : translation, rotation, reflection and
glide reflection.
17 crystalographic groups for the plane (Bravais 1847).

The 17 crystallographic groups are represented at the
Alhambra of Grenada (by artists around 1350).

R. Dorantes Gilardi, C. Lesieur and L. Vuillon Tilings and networks 45/103
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Tilings of the plane by translation

Definitions

Let bw be a boundary word of P, i.e. a word on the alphabet
{a, b, a, b} where a codes left step, b up step, a right step and b
down step which codes the boundary of the polyomino P.

bw is defined up to circular permutations of letters.

R. Dorantes Gilardi, C. Lesieur and L. Vuillon Tilings and networks 47/103



Tilings of the plane

Beauquier-Nivat's Theorem

Theorem [Beauquier-Nivat 1991]

A polyomino P tiles the plane by translation if and only if the
boundary word bw of P is equalto XYZ X Y Z or XY X Y with
X,Y,Z €{a,b,a b}* and where

W =W Ws-- Wy =WnWn_1--- Wy withw; € {a,b,a,b}.

R. Dorantes Gilardi, C. Lesieur and L. Vuillon Tilings and networks 48/103
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Tiling models

According to Beauquier-Nivat's Theorem, we have 2 ways of
tilings the plane by translations :

If the boundary word is XYZ X Y Z, we talk about
pseudo-hexagon.

If the boundary word is XY X Y, we talk about pseudo-square.

R. Dorantes Gilardi, C. Lesieur and L. Vuillon Tilings and networks
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Tilings by translation
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Lattice periodic tilings
Definition

A tiling is called lattice periodic if it is invariant under the
translation by two non-collinear vectors.

R. Dorantes Gilardi, C. Lesieur and L. Vuillon Tilings and networks 51/103



Tilings of the plane

X | |
Y=b ~~>l?:7 fmmm et f----
- ,

X=a

FIGURE: Tiling by a mino and the 4 adjacent tiles of the grey mino
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Yoo I
X=aa |
i a !
i

I

I

Y=b Y=b

a a
X=aa e

V= F >l ¥

FIGURE: Tiling of the plane by a domino like a pseudo square
and the 4 adjacent tiles of the grey domino
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Tilings of the plane

a a
-
Y=a X=a

FIGURE: Tiling of the plane by a domino like a pseudo hexagon
and the 6 adjacent tiles of the grey domino
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T -~

]

FIGURE: A thin cross that doesn’t tile the plane
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FIGURE: Two regular tilings of the plane by the same polyomino
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Structure Details @

Structure Biological Assembly 1+
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From regular tilings of the plane to tilings of a fiber

————————————————————————————————

FIGURE: From tiling to cylinder by using the translation of 8
times the vector &;.
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FIGURE: Two boundaries in correspondence by the translation
4\71 + 2\72)
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FIGURE: Fiber with a pseudo square shape. Each tile is

surrounded by 4 tiles.
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FIGURE: Tobacco Mosaic Virus.
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FIGURE: Tobacco Mosaic Virus : an example of tiling of a fiber
with 4 adjacent chains.
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FIGURE: Tobacco Mosaic Virus : a 17-mer.
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FIGURE: Fiber with a pseudo hexagon shape. Each tile is
surrounded by 6 tiles. Remark that pseudo hexagon shapes appear
in particular when there is a tilt on the fiber.
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FIGURE: 3J1R : an example of tiling of a fiber with 6 adjacent
chains.
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From fold plasticity to fibers : the P53 case
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FIGURE: A. The p53 tetrameric domain is made of 2 dimers. Each
monomer is made of a S-strand followed by a small helix ended by a
long a-helix parallel to the §-strand (1SAK). The residue R337 is
sensitive to mutation.
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FIGURE: Fiber 3J2U with a tetramer inside each pseudo hexagon
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FIGURE: Fiber with a dimer inside each pseudo hexagon
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FIGURE: Replacement of each pseudo square by a tetramer.
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FIGURE: Replacement of a pseudo square and of a pseudo
hexagon.
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FIGURE: Replacement of pseudo square by 2 non regular
pentamers.
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FIGURE: Double asymmetrical pentamer (Tachylectin).
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Atomic structure of P53

R. Dorantes Gilardi, C. Lesieur and L. Vuillon Tilings and networks 76/103



Proteins and interfaces Tilings of the plane Fibers Adjacent atom networks Network measure and propagation

Protein graph

A protein graph (network) is produced by Spectralpro
(algorithm) considering amino acids as vertices and, for every
two vertices there exists an edge if there is an atomic
interaction between them. The weight of an edge is the number
of atoms involved in the interaction between the two amino
acids.

®
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Network structure of P53
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Network of mutated G334V in silico using FoldX
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Impact measure
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Impact measure
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Impact measure
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Network measure and propagation
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Propagation of the destabilization on the network
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p53 G334V p53 WILD TYPE

The p53 case
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Can weNescue the nativefinction
an event fiber formation?

R. Dorantes Gilardi, C. Lesieur and L. Vuillon Tilings and networks 99/103



Protein inte Adjacent atom Network measure and propagation

Rescue Mechanism: G334V + N345D

p53 Wild-type  p53 G334V p53 G334V+N345D
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p53 Wild-type p53 G334V
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Perspectives
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