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INTRODUCTION

INVESTIGATIONS ON PROTEIN DYNAMICS ARE FUNDAMENTAL

TO DECIPHER THE FUNCTIONS OF A DYNAMIC PROTEINS
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INTRODUCTION

Different approaches can be exploited to probe protein dynamics
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Paramagnetic species in biological systems
- Paramagnetic
species

Intrinsic paramagnetic Extrinsic paramagnetic
centers label

EPR = Electron Paramagnetic Resonance
(or ESR = Electron Spin Resonance)

Metal centers or clusters: Fe, Cu, Ni, Mo ... Site-Directed Spin Labeling (SDSL)
Radicals: Semiquinone, Tyr °, S °, ...

Structural transitions in proteins, .
Catalytic mechanisms, ET mechanisms, ... protein-protein interactions, .. 5 MOSBRl
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Spin labels for biomolecules
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EPR spectroscopy of nitroxide spin labels
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M. Martinho et al, Book of the RSC, Electron Paramagnetic Resonance vol. 26 2018
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EPR spectroscopy of nitroxide spin labels
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SDSL-EPR : A powerful technique
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The pioneer work

7692 Biochemistry 1996, 35, 7692—7704

Motion of Spin-Labeled Side Chains in T4 Lysozyme. Correlation with Protein
Structure and Dynamics?

Hassane S. Mchaourab.! Michael A. Lietzow.! Kalman Hideg.! and Wayne L. Hubbell*1

Jules Stein Eye Institute and Department of Chemistry and Biochemistry, Universitv of California,
Los Angeles, California 90095-7008, and Central Research Laboratory, Chemistry, University of Pecs,
P.0. Box 99, H-7643 Pecs, Hungary
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The pioneer work for membrane proteins

Structural Studies on Transmembrane Proteins. 2. Spin Labeling of
Bacteriorhodopsin Mutants at Unique Cysteines'

Christian Altenbach,? Sabine L. Flitsch,%' H. Gobind Khorana,’ and Wayne L. Hubbell**

Jules Stein Eye Institute and Department of Chemistry and Biochemistry, University of California, Los Angeles, Los Angeles,
California 90024-1771, and Departments of Biology and Chemistry, Massachusetts Institute of Technology, 77 Massachusetts
Avenue, Cambridge, Massachusetts 02139

Received February 9, 1989, Revised Manuscript Received June 1, 1989
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EPR spectra of spin-labeled bacteriorhodopsin The accessibility parameter APy, for oxygen (A) or
mutants reconstituted in soybean lipid vesicles chromium oxalate (B) versus position of the spin labe
in the bacteriorhodopsin sequence.
Altenbach, C. et al. Biochem. 1989 28 7806-7812 ; Altenbach, C. et al. Science 1990 248, 1088-1092 11

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No
101004806




DEER : distance measurements
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Application 1: Induced folding in nucleoprotein virus

Main cause of childhood mortality in developing countries (164 000 deaths, OMS 2008).
To date, no antiviral treatment exists.
— Understanding the mechanism of action of proteins involved in the replicative co

(Fusion protein)

* Viral genome encapsulated by the nucleoprotein (N)

N : two regions

NCore
Ncore NraL
Structured Intrinsically disordered
region
Induced folding when

interacting with P (Pyp)
Bourhis et al. Virology 2006
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Application 1: Induced folding in nucleoprotein virus
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Application 1: Induced folding in nucleoprotein virus
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Application 1: Induced folding in nucleoprotein virus
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Application 2 : dynamics of ACCO

Acide 1-AminoCyclopropane 1-Carboxylique Oxydase (ACCO)

ACC Ethyléne (Plant hormone)
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Application 2 : dynamics of ACCO

Acide 1-AminoCyclopropane 1-Carboxylique Oxydase (ACCO)

NH,*

+ 0, + 2¢" (asc) + 2H" » . ~CH2 +2H,04+HCN+CO
D<coo- ’ Fe(l), HCO,  H2C 7 i

ACC Ethylene

Substrate Not understood role BUT Metabolized in

essential for activity
Electron donors CO, / HCO, / CO%- plants
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Application 2 : dynamics of ACCO
o 2 (3

Crystallographic Structure Crystallographic Structure Structural models from

from Petunia hybrida from Arabidopsis thaliana domestica and Lycopersic
Z. Zhang et al, Chem. Biol. 2004 X. Sun et al, Nat. Commun. 2017 esculentum z. Zhang et al, Che

; L. Brisson et al, JBIC. 2012

= 2 formes : apo and holo : ACCO-Fe(ll) = 2 forms : ACCO-Zn(ll) with inhibitors » Other conformation of C,,,, part
» Tetramere : C,, extremity from each * 17 truncated residues in C,,, part
monomere interacts with C,,,,, extremity

from 2" monomere Cy,,,

4

Proposed active
conformation

[ Not active conformation ] [ Inhibited form ]
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Application 2 : dynamics of ACCO

Structural Model
Closed conformation

RX Structure
Open conformation
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Application 2 : dynamics of ACCO

1 C28 Cé0 C133 C165 290

I D N -

4 cysteines ¢

‘ LOCAL ENVIRONNEMENT
. 1cysteine on the body OR 1 cysteine on the C,., part

0 cysteine

0 NITROXYDE-NITROXYDE DISTANCE
1 cysteine on the body AND 1 cysteine on the C,,,,, par

Tomato ACCO . METAL-NITROXYDE DISTANCE
. Tcysteine on the C,,, part AND 1 metal center
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Application 2 : dynamics of ACCO

Grey cysteines : non accessible to the label
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Application 2 : dynamics of ACCO
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Application 2 : dynamics of ACCO

¢ Fe(ll)-ACCO*+
: ACC + HCO, + Asc + 0,
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Fournier, E. et al. Chemistry : A term
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Application 2 : dynamics of ACCO

Open conformation Closed conformation
Crystallographic Structural model
structure

MA-Proxyl rotamers

C165 (3)

Fournier, E. et al. Chemistry : A European J. 2019 25 MOSBR
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Application 2 : dynamics of ACCO

C60*-C292* C60*-C307*
ACCO-Fe(ll) ACCO-Fe(ll)

Crystallographic/model ACCO structures

do not correspond to ACCO populations in solution

&
Fournier, E. et al. Chemistry : A European J. 2019 26 MOSBR
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MANCHESTER

1824

Sam P. de Visser
Nick Fowler

C60*-C292*
ACCO-Fe(ll)

Fournier, E. et al. Chemistry : A European J. 2019




Application 2 : dynamics of ACCO
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Fournier, E. et al. Chemistry - A European J. 2019 Flexible C,,,, region consistent with experimental results
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Application 3 : chaperone protein NarJ : looking for an interaction site

NarJ is involved in the biogenesis of the respiratory nitrate reductase
(NR) complex /n E. coli

NR Complex Periplasm

Q pool

Cytoplasm

QH;
Narl | N %‘
i |
&
?
¢

nitrite

nitrate

Step 1

NarG

FeS Moco

AN

'32‘%-8; Step 2

prevents premature membrane
anchoring

Vergnes A. et al, 2006, J. Biol. Chem.
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Lanciano P. et al, 2007, J. Biol. Chem. ” MOSBRl
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Application 3 : chaperone protein NarJ : looking for an interaction site

initial step : the recognition between NarJ and NR

( [Fe-S]

| NarG

N-term of NarG

« N-terminal » peptide

[
[
p
Y
NarG, ;s MSKFLDRFRYFKQKG

30
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Application 3 : NarJ wt : 1 Cys at 207

1 186 236

NarJ — position 207

Truncated NarJ: model by homology modeling

T T T T T T T
348 350 352 354

1/ the C-ter of NarJ (close to aa 207) is highly mobile
B (mT)

2/ Remains disordered in the presence of the peptide partner

B MOSER|
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Application 3 : truncated NarJ

Q14oc”
Black : experimental
Red : simulated

A

Q104C H21C
A A
W |B B
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Important spectral
variation in

presence of peptide B J“A‘ &
344 3218 332 356 - MOSBR]
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Application 3 : truncated NarJ

Q14oc”
Black : experimental
Red : simulated

A

Q104C [
A A
Wo|B B
44 348 352 356 344 313 352 356
B (mT) B (wT)
A
Motion of the SL _ ‘ Reveals the interaction site
is more restricted = hydrophobic groove
B
. - g
Lorenzi et al, PlosOne, 2012 .
344 348 352 356 MOSBR
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Application 3 : In the practicals

v" Truncated NarJ
v 2 purified samples : NarJ C207 and NarJ E119C

v Labeling each sample with MTSL ! h

v Interaction with the partner J‘? g

( )

step 1 reduction
of Cys variant

.

Cys variant + DTT (excessm / Addition of MTSL (10 eq.)
RT or ice, ~30 min RT or ice, dark ~ 45 min

! — !

iy

M. Martinho et al, Book of the RSC, Electron Paramagnetic Resonance vol. 26 2018
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