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La biologie moléculaire est le fruit du
mariage de la génétique avec la
cristallographie

De la structure moléculaire de I'ADN a la production de protéines :
la traduction du code génétique

DNA Gene
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mRNA 5’ I 3’
Initiation codon Termination codon
(usually AUG) (UAA,UAG or UGA)

L'hypothése de I'adaptateur
Crick, F.H.C. (1958)

La synthése fidéle des protéines a partir des ARN messagers dépend de la
présence d'ARNt correctement acétylés (porteurs de |'acide aminé
correspondant a leur anticodon).

L'hypothése postulait que chaque aminoacyl-ARNt serait chargé par un seul
enzyme

20 aa 20 synthétases > 60 ARNft




Le code génétique (1966)

1st
base
in
codon

2nd base in codon

U

C

A

G

Phe F
Phe F
Leul
Leul

Ser S
Ser S
Ser S
Ser S

TyrY
TyrY
STOP
STOP

Cys C
Cys C
STOP
TrpW

Leul
Leul
Leul
Leull

Pro P
Pro P
Pro P
Pro P

His H
His H
Gln Q
Gln Q

ArgR
ArgR
ArgR
Arg R

Ile 1
Ile I
Ile 1
Met M

Thr T
Thr T
Thr T
Thr T

Asn N
Asn N
Lys K
LysK

Ser S
Ser S
ArgR
ArgR

Q> | O C

Val V
Val V
Val V
Val V

Ala A
Ala A
Ala A
Ala A

Asp D
Asp D
GluE
GluE

Gly G
Gly G
Gly G
Gly G

Qe acQracracradc

3rd
base
in
codon

1974 .

1¢re Structure 3D d'un ARN de transfert

Anticodon

ARNYt de la phenylalanine

Acide aminé

~75 Angstroms




Les années 70 en France
De la chimie a la
Biologie Structurale

Precession
camera




CAD4 Nonius / Institut Le Bel 1977

Richard Box / Institut Le Bel 1979 tRNAasp : anticodon stem




Les années 80

1980 : structure du tRNAasp
1981 : cristaux du complexe
tRNAasp- aspRS




Les années 80
La camera d'oscillation

Le synchrotron
LURE

Roger Fourme

DEA National de Biologie Structurale

Paris-Orsay/Lure ULP/IBMC Strasbourg
Grenoble, Marseille
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Les 2 classes
b=, /d'aa-tRNA synthetases

Class| / 2'OH Class Il /3'0OH

s jﬁl Arg o Gly a2 GZBZ ST
- Cysa 2-3 OH Hisa2
lle a Proa2
Leua Thr a2
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Vva a Alaa?2
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RXR Bourguet et al. (1995) Nature
RAR Renaud et al. (1995) Nature

hRARyY LBD / AT-RA
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2000...
Structural Genomics,
SPINE (2002-...)

Integrative Structural Biology

INSTRUCT




Structural Genomics Platforms

Bioinformatics Platform : gene target / domains definition

Cloning-Expression Platform | : (co-)expression vectors / (co-)expression conditions

Production Platform : large scale culture / purification
Crystallization Platform : sample characterization / crystallization
X-Ray - Modeling Platform : diffraction / structure solving / modeling

57 targets

105 proteins (targets and their homologs)

:l 720 domains
:| 1500 expression vectors

SPINE (FP5)
Structural proteomics in Europe
October 2002-March 2006

Main results :

- a pipeline procedure for structure determination

- structures of important human proteins, protein involved in diseases and
disorders, pathogens : 308 novel protein and a further 61 derivative structures

- European standards in protein crystal handling for X-ray cristallography
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Acta Crystallographica Section D
V.62, p.1103-1285 (October 2006)
Structural Proteomics IN Europe

SPINE




SPINE 2-Complexes (FP6)
From Receptor to Gene: Structures of Complexes from signalling pathways
linking Immunology, neurobiology and cancer.

- Combining knowledge of genomes with HTP methods for structural proteomics

- 3D structures of human proteins and their complexes:
protein-protein, protein-ligand and protein-nucleic acids complexes

- Development of HTP procedures for :
cloning, expression and purification
biophysical and biochemical characterization
structure determination by X-Rays, NMR or EM

Montecatini 2006 : Integrated Structural Biology
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« De la molécule a la cellule"
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Integrated Structural Biology — the emerging role
of an infrastructure to support European
competitiveness in structural biology

www.structuralbiology.eu
A distributed infrastructure for integrated structural biology

ESFRI Assessment 130213




Solid State NMR
In Cell NMR
DNP
Ultra-high resolution photonics
Tomography

Mass Spectrometry

Structures moléculaires 3D de ribosomes :
bactéries (1990), levures (2011) et mammiféres (2013)

b Bacterial 705

T

Les structures moléculaires de mammiféres ont été obtenues
par cryosmicroscopie électronique




H-MX : SOLEIL Proxima 2

William SHEPARD

Future Directions + Radiation Damage

— Example

» 180° collection & 0.3 % flux
— Lower X-ray doses

« Weaker SN

« Poorer resolution

Large unit cells
— Unit cell axes > 500A

* more common...
L | — Requires slitting down
dL L * Conseguently less fiux

Sy

« Automation

— Screening strategies
* Fast gnd scans
* Auto-screen enfire pucks

— Pipelining & Faster collects




Integrative structural biology analysis of nuclear
receptors mediated transcription regulation

] Dynamics of the complexes
Multi-scale -single molecule (FRET) g
approach Mediator | -in the cell (FRET/FLIM)

Solution structures

(SAXS, SANS)




Crystal structures of USP and EcR isolated domains:

DBDs: LBDs:

Devarakonda et al., EMBO J. 2003. Billas et al., Nature 2003.
Jakéb et al., NAR 2007 Carmichael et al., IBC 2005.

The palindromic DNA-bound USP/EcR nuclear
receptor adopts an asymmetric organization

with allosteric domain positioning

Massimiliano Maletta, Igor Orlov, Pierre Roblin, Yannick

Beck, Dino Moras:, Isabelle M.L. Billas & Bruno P. Klaholz
Nature Comm, in press




SAXS study of USP/EcR complex
on a natural DNA inverted repeat (IR1)

Complex preparation: Ab initio SAXS envelope:

SDS-PAGE PHAST Native

EcR —
usp =

" SOLEIL synchrotron, Paris

Ni-affinity GF DNA DNA HPLC-coupled SAXS

Cryo-EM Structure of the USP/EcR complex

71 SAXS data
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Assignment of the polarity on the DNA:

3'-DNA extended complex (35mer, +18mer)

Le récepteur de la vitamine D
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i Le ligand (calcitriol,dérivé de la
220ELTVS216 oo 164GGGNDL 60 vitamine D)

dans I'enveloppe expérimentale de la
Rochel, N. et al. (2000). Mol. Cell, structure cristallographique




H Mutations naturelles observées dans le
domaine de fixation du ligand
liées au syndrome de rachitisme héreditaire
avec résistance a la
1,25-dihydoxyvitamine D

OH

1a,25(0OH),D,
(Calcitriol)

Rachitisme

Rosen, JF et al., J Pediatr. 1979 ‘h J - point mutation

From atomic resolution structure to in vivo model:

Rational design of the vdr-knock-in mouse model L304H

(Coll. with Daniel Metzger, Dept of Functional genomics, IGBMC)
Knock-in mouse expressing the VDR 54,
- (Mouse Clinical Institute)

VDR+/+ (M14 VDRmM/m (M14

B
1 / Calcitriol

I @ | Gemini )
| o non-genomic effects
BXL ligands
=4 . genomic effects and non-,
- " genomic effects

\ genomic effects

Discriminate the genomic from the non-genomic pathways




Le futur : de la structure moléculaire des complexes fonctionnels
a leur positionnement dans la cellule, le tissu et I'animal :

le Code Cellulaire

CTTGATT
ARCACACC 2" TTCCGAATAT GGAGCTQ
J GGCA : A GACAATAATA CAATAA
GTGGAR—AG ATATGTG ARCTGGGGTGG
CGCTCCGAAA TCATRGTCT GGGAGAAGTG ACAAGGCTGC AIB GCAACGCG
AGGATTGCCA AATGRYCAAAG —
ATTAAGAAGA TGGAARTTATT TA

AAAACACAAA TATTCTGTCA TCCTGATGGA TTTTTA )
ACGTCCCCCC TCACATTTAG ACTGCTAAAT ACATT b/l TAAAGATTTICACTG
TAAAACGTAG CTTGTAFATT TCTGTAAAAG GTTTGC : )2 \TAGT TTTTAGCGAY
GTGTATATTG TACAAAATTT TTATCGATAT TAAGGTTE AARAGITTTITTT CAGTTICCATY
GT7TATTTGTA CGTTTAATTT TCTTGTAACT TATATAGATA TTTGACTTAA ACACAGTCAY

Can we avoid future outbreaks of foot-and-mouth disease through
vaccination?

David Stuart, Oxford University and Diamond Light Source




FMD vaccines are fragile - capsids are unstable

e |f we look in detail and come up with ideas
of how we might re-engineer the shell to
make it more stable, can we develop an ‘in
silico’ method to estimate how much the
changes stabilise or destabilise the
particles?

e ...amazingly the answer seems to be yes!




Modified simulation
- target the weakspot

“Textbook” simulation
— noise dominates

e And it works:




A serotype validation: mix |8
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We use Diamond to validate the molecular
engineering




And if we step back we can
learn many more things — for
instance how the virus attaches
to cells (via the cell-surface
integrin molecule shown in red.
Exciting times in structural
biology!




Mont Ste Odile 2006

3 cryo-EM structures:

Polara electron microscope data, - independent
CCD, 100kV, 59k, 50 000 patrticles structure validation

Maletta et al., Nature Communications, 2014, in press.




