4 \Varc-André Delsuc
e Aujourd’hui a 'lGBMC de Strasbourg (9 ans)

» apres Gif-sur-Yvette (10 ans) et Montpellier (15 ans)
» chimie-orga - peptides - protéines - IDP

¢ |ntérets:

» IDP - PolyProlines - Récepteur Androgene

e Méthodes
e RMN

methodologie - processing

e FI-MS  depuis peu
2D FT-ICR - processing - top-down

e processing / analyse depuis toujours
Analyse de Fourier

Compressed Sensing
Analyse statistique

~”~ O '
% i !nserm UNIVERSITE DL STRASBOURG |9bmc
/ e Rénafobis Okron - 2018 @




NIVIR Frinciples
rom obsernvation to
Structural information

Marc-Anadré Delsuc
Renalobis - 2078
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Nuclear Magnetic Resonance I

e Spectroscopy of the magnetic properties
of the nuclel of atoms

}
A

=l
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Nuclear \/agnetic Resonance I

e Spectroscopy of the magnetic properties
of the nuclel of atoms

e Some atom nucleus have a spinz0

>

H spin'2 = the proton

| » 19F  spin 12 . toresting
» 2H splln 1 low abund. » 31P spin 14 e most g}o\ogﬁ‘
» 18C  spin ¥ low abund. o the O
» BN spin Y2 low abund.
' . 3mc? 3 appec | V(x,t) =1 I(f“')ui'(fx.t}
e What is the spin 7?77 (‘3 <42 ) oot =t
e appears as the solution of the Dirac equation . 4
» Schrodinger + Relativity L 7
e an intrinsic property of particules (and black holes) T

>

as the mass or the charge

e carries a momentum

>

magnetic momentum - angular momentum
u L
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Nuclear \Vaonetic Resonance

e Spectroscopy of the magnetic properties
of the nuclel of atoms

How Did The Proton Get Its Spin?

Mon, 04/03/2017 - 11:01am Comments by Department of Energy, Office of Science

=l

1980s now

In the 1980s, scientists discovered that a proton'’s three valance quarks (red, green, blue) account for only a fraction of the
proton’s overall spin. More recent measurements have revealed that gluons (yellow corkscrews) contribute as much as or
possibly more than the quarks. Photo courtesy of Brookhaven National Laboratory

https://www.rdmag.com/news/2017/04/how-did-proton-get-its-spin
e Rénafobis Ol¢ron - 2018 @



Nuclear Magnetic —esonance I

e Spectroscopy of the magnetic properties
of the nuclei of atoms
* [n presence of a strong magnetic field Bo, a spin n
presents 2n+1 different energy states, so a spin Y2 = 2 states
e Energy difference AE

» determines the transition frequency —
» is proportional to Bo B 9

- 1
hv, [
P
% AE H
' " 250 200 'Héé?z. 106 so O
A%
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Nuclear Magnetic —esonance I

e Spectroscopy of the magnetic properties
of the nuclel of atoms

e with y depending on nucleus type

v Vv VvV VvV v

H
?H
13C
15N

spin 12 800 MHz B O
spin 1 low abund. 123 MHz
spin %2 low abund. 200 MHz
spin %2 low abund. 80 MHz

=l
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NIVIR 1S a very low energy spectroscopy

Thermal energy @ 298K
0,5 kcal/mol Energy

>300 300-30 30-1 ~104 ~10-6 . E= hy BO

Energy (kcal/mol)

Nuclear Core Electronic Molecular Molecular
excitation electron excitation vibration rotation
e meter Frequency

Radio waves
NMR

e Rénafobis Oigron-2018 @



L OW-eneray = low sensiivity

-AE -AE

- e =~ (.9999 Fs _ ekl <107
PS’O

Q~U |m~U

Energy

S1

Single transition

/ observable

0000
0000001
a OO0 00
(L X I I X X VA
NMR Fluorescence

From B Kieffer
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Nuclear Magnetic Resonance I

e Spectroscopy of the magnetic properties
of the nuclel of atoms

e The Quantum Resonance
» phase coherence of the wave functions of the different particules
® oObserved / used in

» LASERS
» Quantum Computers essag Jffect
» NMR arry DO L ua
. ¢ .« an intrins C g
* characterized by NMR effect ™ E0 omplicate®
» strange quantum effects L /4
» coherence transfers v
» decoherence limits life time w
b

enhanced sensitivity

e Rénafobis Oléron - 2018 @



I opins I the Field. ..
15N

® nuclear spins interact with

e other nuclear spins

e molecular orbitals
» local
» nearby

® electronic spins

® act as perfect spies

® NO iImpact on molecular
phenomenon

* and perfect reporters
e will react to anything

e Rénafobis Oléron - 2018 @



Spins in the Field. . I

e In NMR EVERYTHING is
rotating

* in physical space

® in quantum space

e rotating in a rotating frame
= Precession

e + ALL interactions are
depending strongly on
orientation

* molecular axis vs Bo

® spin-spin axis vs Bo
= [ensor algebra

e Rénafobis Oigron-2018 @



~henomenon I
e Chemical-Shift

® resonance frequency

e Spin-Spin interaction
e many effects J, D, RDC, NOE...

e Relaxation

e decoherence of the quantum states

* TWO main effects
decoherence of resonance: loss of signal: T»
return to initial steady state: recovery: T+

e Measure by impulse response

e Rénafobis Oléron - 2018 @



I The NMR cbservables. . .on a simple molecule I

e Ethanol H spectrum HO-CH»-CHj3

Record spin impulse response aka resonance

=

Apply Fourier Transform = CH,
—J CH,
OH
TMS
A 1
1 v 1 ¢ 1 ' -l v 1 b I
5,0 4,0 30 2,0 1,0 0,0

e Rénafobis Oléron - 2018 @



Chemical Shift I

e CS depends strongly on
molecular orientation vs Bo
* in liquids all values are averaged

e only mean value is observed
* in solids = wide lines

e isotropic CS is affected by
shielding of the orbitals
= chemical shift

B
12C 13Cc * effect proportional to Bo
= ratio (ppm) indep. of Bo

e Rénafobis Oléron - 2018 @



1he NIVIR cbservables. . .on a smple molecule
e Ethanol 'H spectrum HO-CH,-CHx

Resonance integrals proportional

to the number of nuclei
% CH,

/ signal of the molecule

of reference is setto 0
J CH ) by convention
on @ S1 (CH3)4

T™MS
A 4
T r T ' T ' J v ! ' '
5,0 4,0 ﬁ 3,0 2,0 1,0 0,0
Ppm

frequency depends on chemical environment

= : .
Chemical shifts e Rénafobis Oléron - 2018 @



Averaging properties of NIVIR I
A= B

k : characteristic
Interconversion rate

= True for any NMR observable A B

= coalescence depends
very much on observable

= #* |ife-time

v
A

= #* frequency difference

S
+ interconversion rate 'O.'J;Jyj:
|
’
10

=

k/s1 10 T
e in NMR EVERYTHING is averaged A f‘:/ﬁ\g::
. L %(VA+VB)
e over time '
double averaging cavA + CBVB
e over molecules catcn

e Rénafobis Oléron - 2018 @



Chemical Shift

In liquids during the measure, the
molecules tumble and take successively
the CS value of each orientation

if tumbling is fast (small molecules) a sharp
line is observed at mean CS value

if tumbling is not so fast, the lines widen
if in solid all CS appear = wide lines

e Rénafobis Oléron - 2018 @



cfiect of molecular size I

T T 71 T T 1 1 1 1 L Be- o I N T I D I I O I T S S
Ppm 10 5 6 ppih | | ' '

GB1 (~6 kDa) LBD RXR Dimer (~50 kDa)
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15N

SpIN-Spin interactions I

e Dipolar couplingD <>
* Through space

e depends on distance
» and of course on orientation

e averaged to zero in isotropic liquids
e relaxation effect

e Scalar couplingd <>

130 e |sotropic part of D
/ e mediated by molecular orbitals

e depends on molecular topology
» and also on diedral angles

e Rénafobis Oléron - 2018 @



J-Coupling

e Ethanol TH spectrum HO-CH,-CHx
CH,
Fine structure due
to interactions with
neighbouring nuclei
—J CH,
of TMS
l _L
T r T ' T ' v v ' ' '
5,0 4,0 3,0 2,0 1,0 0,0

e Rénafobis Oléron - 2018 @



NMR Spectra of Scotch Whisky

C > HO—CH,—CH,

H,O
- a‘, : x125
(\ i || |
L A ' |
8.0 7.5 7.0 6.5
‘Hippm ) 1

4 3 2 1 0

Will Kew, Nicholle G. A. Bell, Ian Goodall, Dusan Uhrin

(2017) Magn Reson Chem DOI: 10.1002/mrc.4621
e Rénafobis Okron - 2018 ®



NNVIR Spectra of Scotch VWhisky

x3

x12.5 . : — :
1.5 1.0
H/ ppm
w *
5.0 4.5 4.0 3.5
H/ ppm
x125
DSS
8.0 7.5 7.0 6.5
H/ ppm
J\, l | . ] U S
10 9 8 7 6 5 4 3 2 1 0
H/ ppm

Will Kew, Nicholle G. A. Bell, Ian Goodall, Dusan Uhrin
(2017) Magn Reson Chem DOI: 10.1002/mrc.4621
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"HNMR spectrum of a 1olded protein

Molecular size 12 kDa

aromatic protons

Amide protons

ﬁ

<j Buffer (TRIS)

aliphatic protpns

T T T T T
10 9 8 7 &




"HNMR spectrum of a 1olded protein

Molecular size 12 kDa

aromatic protons

H

a

Amide protons

ﬁ

<j Buffer (TRIS)

aliphatic protpns




"H NWVIR spectrum of a folded protein

MVKOQIESKTA FQEALDAAGD KLVVVDFSAT WCGPCKMIKP

FFHSLSEKYS N

\Y

IFLEVDVD DCQDVASECE VKCMPTFQFF

KKGOKVGEFS GAN‘K%(LEAT INELV\

Amide protons

Valine 52 Valine 65

aromatic protons [

H

A

v
A
v

T T
10 9




I 2 experiment I

® USIiNg spin-spin interaction to transfer coherence
from one spin to another

J: COSY / TOCSY

e Rénafobis Oléron - 2018 @



0.2
0,15
0,1
0,25—
>

proteine ligand NOE ( 1H/1H)

2D experiment - NOESY

180—:
160—-
140—:
120—-
100—:
80—-

60—

aQ
point 250

300

350

400

450

500

550

600

650

700

750

% 005 01

Each correlation
corresponds to a spatial
proximity.

Here amide protons
proximity

(for instance i-i+3 and i-i+4
in a-helices)

e Rénafobis Oiéron-2018 ®



I —eteronuclear interactions
®_ 15N

* HSQC

e Heteronuclear Single Quantum Corr.
e 1 bound 18C-"H or 1SN-1H

e Requires isotopic labelling
(usually)

e £ coli in minimum media
e ( 15N cheaper than 13C )

13C

e Rénafobis Oléron - 2018 @



2D HoQO

e here 'H-15N HSQC

- 105

— 115

15N

- 130

e Rénafobis Oigron-2018 @



Study of large molecules requires 15N-13C lalbeling

B/

100

déplacement chimique >N (ppm)

i 9 g 7
déplacement chimiqué H (ppm)

'+ spectre 2D H-15N

—_
-
o
(9]

110
115-

120-

—
(8]
n

—
W
L

déii?laceme‘h"t‘ chimique 15N (ppm)

TR

3 T

o = o
o8 . e
B [ , & 8

g o '

s o b &
o i e L A
¥ 0®*@oo °
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e .0 e
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[ ] . o o )
s
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130

I
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I I | I I
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9 8 7
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S32 R34 Q36
T33 L35

H (ppm)

déplaceInent chimique 13C (p’pm)

_sron-2018 @



sotopic labeling I

+ Partial view =>
a tool to address the complexity of protein NMR spectra

TH-15N HSQC 2D spectrum

Fi2s 15N




S Is sensitive 1o protein conformation

R. Kitahara, C. Royer, H. Yamada, M. Boyer, J-L. Saldana, K. Akasaka,C. Roumestand
Pressure-jump fluorescence and 15N/1H 2-D NMR studies of the unfolding of the beta-barrel protein, PI3MTCPI.
J Mol Biol, 320, 3, (2002), pp 609-628

complete protein denaturation

e Rénafobis Oléron - 2018 @



Gh@mica\ sNifts contan a structural INformation

/QJ( E OC@
Ala 56
Ala 56
Ala 12

B

Methyl groups
below 0.6 ppm

ocal T 6structure l

High spreading
of amide resonances

| B N |
o*® e,
\d *
N .
L L]
* L
3
Yaggast®

Unfolded protein Folded protein
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spechic methods for IDF

Patel et al. Phys. Chem. Chem. Phys., 2014,16, 12703-12718

e Rénafobis Oléron - 2018 @
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Blo-drug control guality

Human insulin

| | (light chain A)
yGIVEQCCTSICSLYQLENYCN,,

,FVNQHLCGSHLVEALYLVCGERGFFYTPKT,,
(heavy chain B)

Lispro insuli

| | (light chain A)
yGIVEQCCTSICSLYQLENYCN,,

,FVNQHLCGSHLVEALYLVCGERGFFYTKPT,,
(heavy chain B)

Quinternet, M., Starck, J.-P., Delsuc, M.-A., & Kieffer,

B. (2013). J.Pharm. Biomed. Analysis, 78-79, 252-254.

http://doi.org/10.1016/].jpba.2013.02.016
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http://doi.org/10.1016/j.jpba.2013.02.016

CS of backbone provide structure information I

CSI =

Beta Sheet

vvvvvvvvvvvv

-5 -4 -3 -2 -1 0 1 2 3 4 5 6
CA Secondary Shift (ppm)

6measured'arandomcoil

Alpha Helix CB
Beta Sheet

-5 -4 -3 -2 -1 0 1 2 3 4 5 &
CB Secondary Shift (ppm)
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AdCY (ppm)

N = O -

;
S

ASCO (ppm)

N W
Lol .

Y l A

PPP )— I
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CS Interpretation as ¢-1b angles
Talos+ : http//:spin.niddk.nih.gov/NMRPipe
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Ul structure calculations: CS ROSET TA

Consistent blind protein structure generation
from NMR chemical shift data

Yang Shen*, Oliver Lange®, Frank Delaglio*, Paolo Rossi?, James M. Aramini*, Gaohua Liu*, Alexander Eletsky?,
Yibing Wu$, Kiran K. Singarapu®, Alexander Lemak", Alexandr Ignatchenko", Cheryl H. ArrowsmithT,
Thomas Szyperski$, Gaetano T. Montelione?, David Bakerl, and Ad Bax*!

*Laboratory of Chemical Physics, National Institute of Diabetes and Digestive and Kidney Diseasas, National Institutes of Health, Bethesda, MD 20892;
tDepartment of Biochemistry and Howard Hughes Medical Institute, University of Washington, Seattle, WA 98195; *Center for Advanced Biotechnology and
Medicine, Department of Molecular Biology and Biochemistry, and Northeast Structural Genomics Consortium, Rutgers, The State University of New Jersey,
and Robert Wood Johnson Medical School, Piscataway, NJ 08854; SDepartments of Chemistry and Structural Biology and Northeast Structural Genomics
Consortium, University at Buffalo, State University of New York, Buffalo, NY 14260; and YOntario Cancer Institute, Department of Medical Biophysics,

and Northeast Structural Genomics Consortium. University of Toronto. Toronto. ON. Canada MSG ILS

wwaw.pnas.org/cgl/dol/ 10.1073/ pnas.0800256105 PNAS | March 25,2008 | vol. 105 | no. 12 | 4685-4690

4
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All atomkenergy
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Fig. 4. Results from blind CS-ROSETTA structure generation for four structural genomics targets (Table 2). The remaining five are in S| Fig. 12. (A-D)
Superposition of lowest-energy CS-ROSETTA models (red) with experimental NMR structures (blue), with superposition optimized for ordered residues, as
defined in the footnote to Sl Table 5. (E-H) Plots of rescored (Eq. 1) ROSETTA all-atom energy versus C* rmsd relative to the lowest-energy model (bold dot on

vertical axis). (A and E) StR82. (B8 and F) RpT7. (C and G) VIR117. (D and H) NeT4.
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L aroe number of molecules

= Molecules will be distributed between the different states
available for the observed molecular system

One excited state with
Large activation energy

. Large number of states with
barrier

low activation energy barrier

Energy

Molecular coordinates Molecular coordinates

= NMR observables will result from an average over all these
states

e Rénafobis Oléron - 2018 @



sengitve to al interactions

F. de Lamotte et al. / C. R. Acad. Sci. Paris, Chimie / Chemistry 4 (2001) 839-843
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Figure 1. HSQC spectra of type 2 LTP. A.
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Chemical shift averaaino
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Using chemical shifts to study molecular I

@ NH groups

5N chemical shift

interactions

ligand concentration
—>

H chemical shift

[ligand]
[protein]
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Application: modulation of binding affinity
between RAR and vinexin by RAR phosphorylation

9
EEMVPSS,,PS,,PPPPPRVYK
|

®

Kd
77S-79S 40 uM
pS-795140 uM
77S-79pE280 uM
7pS-79pS545 yM 500 1500 2500 500 1500 2500
! Peptide concentration (uM)

Lalevee et al. Vinexin , The FASEB Journal (2010) vol. 24 (11) pp. 4523-4534
e Rénafobis Olron - 2018 @



Asgmm@w Nroblem

L147v271

Q37
N1I7 N26 131 Qm‘i P2 ':;’;0 G252 THI
Journal of Biomolecular NMR (2005) 31: 67-68 g \ 9 b Mzs2 100 OGT7
l 2277 Lire o M2s1 | K159 G _ i
Letter to the Editor: '"H, "N and '*C Backbone resonance ass%hments - 4$ G126 G137 =
of the 37 kDa surface antigen protein Bd37 from Babesia divergens D210l E276 & _I‘;] 5 G297 & |~
. 1 él]] ];I“E:) Ui 102 | 140 (@ ('787
Yin-Shan Yang?, Stephane D_elbecqb, Marvie—.Paule Strub?, Frgnk Lohr®, Theo Scpftt@s @ 516 5_‘“ 150 /_ ‘T 197 @b( 60 >
André Gorenflot®, Eric Precigout® & Christian Roumestand®* I . Y R2 '% G n ) Q
t ’ \1464‘ | L4 @ &8 o
@’4 1254 I)‘:i:\ 21;];;4;’\ e G4a G168 102
H A125 1 [
' E62 1229 G2 49' N149
294 residues 36 Nty | O 7 &~ T rier 1160 0 '\‘ "o
4 =
37 kDa . 2@ §192|_ S182 sz, ’? 4i 5 1 B
293 peaks in 1SN-HSQC 15 O s
@ mist T ey S0 ‘@@z 1.233
46 6.7 ( , ‘ $29 o 11192 "
< % <$44;8 P 109385 ~l 285 2l :
Biological Magnetic 6@’? e mw.s .},‘}"" e L2z
V103 L1 3
Resonance Data Bank RS0 9 B8 15 L Klog b3 Kizs 30 »
& 2 F181 87 15 156> 81030 K268F é“zn;"m &5 &
Vovie & @7 | ’P % *® Vi, ol
A Repository for Data from NMR s @#? visi B2 > @6 N8 @ 12701100
Spectroscopy on Proteins, Peptides, and 28 59'49&? _ KiIf oy Mo KIS3 D120 .
Nucleic Acids " @ﬁ‘f}‘, L79% 124 %1 b ki o -
30 L113 E173 ¢ 24486 -
é, $ 1"9 o - E89 D112
; n|4| @ 5 - L
Experimental Data: Di18 K p ,,@;] 8240
@97 3 |
Number of: f?mx.al 7 nm\w 0 L3035 g L267 E227 yyos L
Type Values Sets o ”39 1289 “@;1 :IP; o OQﬂ)\(ﬂ "18-}\2’;‘;4 i "‘74"12\"]:)\ \@I’ﬂs,
Assigned Chemical 1 & n $1105 QETS A6V 8 Naos D283 o
Shifts & Y155 Ades A205 4 %é\)l‘) + V26 ‘l l77 Qs-“, ’ 75 (\):21 [
- i A244 , 1= ¥ 3 [A145
S;?tSChemlcal 557 @67 R153 ,\39““ V69 B4 “\,(:m Iy
3 F23 @ 0 Al66 <12 O H29p 1174 |
- 15N Chemical 278 132 A6S Y232 Ovs o [=
Shifts @26 & K70 L185 l"lk':g l\‘(ll;ll A24 )55 QT’&
- 13C Chemical 829 T T e T ‘ T ‘
Shifts 9 8.5 8 7.5 7 7 PPM
PPM

e Rénafobis Oléron - 2018 @



I —~ed-time sovent exchange Kinetic experiment I

@
(©)
l ® HSQC 15N ® »
® " |
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3D Structure Determination

THE JOURNAL OF BIOLOGICAL CHEMISTRY Vol. 278, No. 16, Issue of April 18, pp. 14249-14256, 2003
© 2003 by The American Society for Biochemistry and Molecular Biology, Inc. Printed in U.S.A.

Refined Solution Structure of a Liganded Type 2 Wheat Nonspecific
Lipid Transfer Protein*

Received for publication, November 15, 2002, and in revised form, January 10, 2003
Published, JBC Papers in Press, January 13, 2003, DOI 10.1074/jbc.M211683200

Jean-Luc Ponsi, Frédéric de Lamotte§, Marie-Francoise Gautier§, and Marc-André Delsuci1

from NOE measures,
= local proximities

between hydrogens
through space

obtained by MolMod
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THE JOURNAL OF BIOLOGICAL CHEMISTRY

~rotein-rrotein
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Structural Basis for the Co-activation of Protein Kinase B by
T-cell Leukemia-1 (TCL1) Family Proto-oncoproteins*Sl

Daniel Auguini, Philippe Barthei, Catherine Royeri}, Marc-Henri Stern§, Masayuki Noguchi1,
Stefan T. Aroldi|, and Christian Roumestandi|
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... protein-protein interaction
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FIG. 6. SAXS analysis of the PKBS-PH-p147~? complex. A, experimental scattering data. Error bars are indicated by vertical lines. B, pair
distribution function p(r) for the PKBB-PH-p147“*? complex. Open circles, experimental curve; solid line, calculated curve for a typical ab initio
model. C, side and top views of the molecular envelope of the PKBB-PH-p147“%? complex obtained by averaging 10 individual ab initio models.
Proposed position of PKBB-PH domains (circles) and the p147“%? dimer (trapeze) within the SAXS envelope are indicated in the side view

e Rénafobis Oigron-2018 @



~rotein-rrotein Interaction I

3D model of the Vin SH3.3 / RARy DBD
complex using HADDOCK

v,, VinSH3
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I Residual dipolar couplings (RDC) I

= Principle: the sample is diluted in an anisotropic medium

= This introduces a very small biais in the molecular orientations

= That leads to dipolar couplings that depends on the orientation of the
Internuclei vectors of the molecules

ppn T ' 0—0 1005H:z

Bicelles ~ 132+ f—f 930Hz
R 97.6 Hz

.t 1331 m 93 8 Hz

s 134 -

@—0 995Hz

;
A J+RDC @@ 8 21
p‘% 136 - H H gﬂ
;

135+

137+ “I’l

138 T 1 T
10.0 9.5 9.0 8.5 ppm

BO
by
&éﬂ

Partially oriented molecule

Isotropic phase
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Modeling RDC data

zf)

R

In the molecular frame:

RDC = Da{(300326 - 1)+ % Rsin’ 0 cos2¢}

At least 5 RDC values are needed to
define the molecular frame
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Application of RDC to BNA structure

(i) (if) (iii) (iv)

Calculation of the structure of the theophylline-binding RNA aptamer using 13C—1H
residual dipolar couplings and restrained molecular dynamics.

by adding the angular dependance : (non local)
to NOE constraints (local)
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“aramagnetic Relaxation Enhancement I

¢ The presence of an electronic spin in the vicinity of nuclear
Spins increases their relaxation rates

¢ |f the electronic spin is characterized by an isotropic g tensor,
the effect depends only on the distance between the nucleus
and electronic spins

) 4t + 3T, -

fo L 1+GDﬂCYJ

e _ 115(4 )2 QZMBS(SH)(

-2t vigistsn)|

IC
5 r6 <1 2>
s/ | 1+(wT,)
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Ntroducing spin lakel to protein surface

Battiste et Wagner Biochemistry V39, p5355 (2000)
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Application to muttiple domain proteins

onﬂ red
155

Protein sequence

>12 A (not bleached)
O <20 A (25% reduction)
o <15 A (50% reduction)
<10 A (heavy bleaching) .
o N155C

from Bernt Simon M Sattler EMBL Heidelberg, Angew. Chem., 2010, 122(11), 2011 - 2014 ; .
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Applied to IDP (Tau)

Figure 7. PRE of Amide Protons in Spin-Labelled Tau

18 3

.0 “ID'.“‘II*I. Ol.‘..*
I

Mukrasch MD, Bibow S, Korukottu J, Jeganathan S, et al. (2009) Structural Polymorphism of 441-Residue Tau at Single Residue
Resolution. PLoS Biol 7(2): €1000034. doi:10.1371/journal.pbio.1000034
http://www.plosbiology.org/article/info:doi/10.1371/journal.pbio.1000034

©PLOS

BIOL Y
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http://www.plosbiology.org/article/info:doi/10.1371/journal.pbio.1000034

=NA spin labeling

Lebars I.*, Vileno B., Bourbigot S., Turek P., Wolff P. & Kieffer B. (2014)
"A fully enzymatic method for site-directed spin-labeling of long RNA", Nucleic Acids Res., 42(15), e117,
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I ~HE based ampliication of low population states I

+ Due to the r-6 distance dependance of the PRE, small
distances in low populated states may be revealed

state A (major) state B (minor)
r=30A r=8A
=20 s g = 5.6x103 s
30 A ¥ k 84
- ex ??
| | - ] |
B y A 99%
° B 1%
< - < s
Kox = 40 51 Kgy = 4000 s-1 kg, = 40000 s-1
— .
! :
z i lwahara & Clore (2006)
5 p Nature 440, p 1227
B ,4! k
900 0 100 700 0 100 700 0 100 700 0 100
v(1H) [Hz] v(TH) [Hz] v(1H) [Hz] v(1H) [Hz]
Iy, =, =251 PP =21 I8P =25s"1 T1,3P =51 s
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~henomenon I

e Chemical-Shift = position in the spectrum
* Spin-Spin coupling

* “Dipolar” coupling - depends on spin-spin geometry
e “Scalar” coupling - depends on electronic orbital

* Relaxation
® decoherence of the quantum states

* NOE

e relaxation due to spin-spin = information on atomic distances

e RDC: Reduced Dipolar Coupling
e information on angular geometry
e PRE: Paramagnetic Relaxation Experiment
e relaxation due to electronic spin-spin = information on molecular

contacts
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sensitivity aspects
protein size aspects
signal aspects
more than structure

final remarks
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I ~ecent advance In NVIR instruments I

* The Signal/Noise ratio depends on the applied magnetic
field

10000 |-
/2 882 (+30 %)
S/Nx B
8000 |
594 (+34 %)
= 6000 |
= 657 (+40 %)
4000 |- | 051 (+47 %)
\ 756 (+58 %)
2000 |
747 (+75 %)

1 1 1 1 1 1 1 1 |
900 400 500 600 700 800 900 1000 1100 1200

YHB()/ZW
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Sensiticity INncrease over my carmer

Protein quantity ~ Moore law
/2 every 2 years /1000 in 20 years

100000
“ H first assigned peptides
10000
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o
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*s,  spectroscopic filters
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Strateqy related to size

tiny proteins

» very easy to study

» peptides !
small proteins

» easy -

M < 6 kD

M < 12-15 kD

» 15N labelling might be enough

larger proteins

M < 40 kD

» 15N and 13C required - 2H to be considered
very large proteins
» 2H labelling and 18N / 13C labelled specific incorporation

beware of “hidden” oligomers
Glutathion-S-Transferase 2x50kD

Insuline :

6X6kD

M > 50 kD
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Overview of cell free isotopic labeling v |bS

Specific'amino'acids'labeling
CECF 104
Val,' Thr'15N,13C 105

- 106
+'18'aa unlabeled :gg
- 109
- 110

Expected'peaks:'21 111
13'Val - P

- 113
"S'Thr 114
- 115
- 116
- 117
Observed':'22 118

: - 119
- 120
Yield'4mg/ml ’ . B
- 123
- 124
- 125
- 126
- 127
- 128
- 129
- 130
- 131

3T 0=z

10.0 95 9.0 85 8.0 75 7.0
H1 ppm
'HSQC"GOOMHZ”H23'(16'|(D8)' Lionel Imbert (IBS) Cell-Free expression platform

. . ..




Is NMR spectroscopy only limited to small molecules?

Ubiquitin MBP MSG SecA PhTET-2 Thermosome
8 kDa 40 kDa 82 kDa 204 kDa 468 kDa 1 MDa

) ¥ &:«i
U-[13C,15N] [13CH3], U'[ZH,13C,15N]
MW | | L >
10 KDa 100 kDa 1 MDa

Courtesy of J Boisbouvier et al.



Solution NMR Spectroscopy

Specific protonation of methyl groups

Uniformely Methyl groups
[1 H 13C 15N]

1.00  1H (ppm) 0.80 1.00  1H (ppm) 0.80

Gardner et al, . Am. Chem. Soc. (1997)



Solution NMR of supramolecular complexes:
providing new insights into function

Remco Sprangers, Algirdas Velyvis & Lewis E Kay

Nature Methods 2007

o] ﬁ CHI
D—2C —'2C-§—12C—OH —_— ‘ D—2C —20 ,
| S— 12' ,”.. O , ;.l
CD. O : “CD,iD
o.-Keto isovaleric acid U-[*H, "2C], ['°CH, "*CD.]
valine or leucine
(|:H 0 ClHCD
.................. } ] P T
D 12(|: 12({:*_%_12C_OH s i D 12(|; 12Cf
D 0 ' D iD

................ :

[ —

o-Keto butyric acid U-[*H, 2C], 6,-["*CH,] isoleucine
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Space scale
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1me scake
10-15 10-12 10-9 10-6 10-3 100 10 sec

fs ps ns Us ms S h

relaxation ine-width  real-time
molecular __ ‘>
tumbling :
time
R A
7 AN NP A /
: folding
: unfolding
molecular rotations : |
vibrations kon * allostery reer:g[rigitslc
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avnamic measurements

0.6[

0.5]

0.4

Déméné, H., Ducat, T., Barthe, P., Delsuc, M.-A., & Roumestand, C. (2002).
Structure refinement of flexible proteins using dipolar couplings: application to

the protein pSMTCP1. Journal of Biomolecular NMR, 22(1), 47-56.

0.7}

30 40 50

60 70
Residue Number
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Application: Real-time follow-up of a folding

Real-time multidimensional NMR follows
RNA folding with second resolution

Mi-Kyung Lee*', Maayan Gal®', Lucio Frydman®?, and Gabriele Varani**2

A
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PNAS 2010
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1ime scale
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: unfolding

molecular rotations
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Nteraction Scale

10-12 10-9 10-6 10-3 100 mole/l
pM nM umM mM M
NMR
SPR
P+LZPL
MS Pl L
K, — P
[PL]
fluorescence
medication weak solvent
10-14 ligands interactions
streptavidin strong aspecific
biotin ligands interactions
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aspect signal

e Transformée de Fourier > :
F(v) = f(t)e 2™t
® gspectre complexe

1
e calcul en module /\ -
phénomene cohérent = calcul sensible a la phase_ .~ S
R
NUM | 1
] 1 X —
*;p‘m‘ Tas 24 2522 & e s e B RH‘A // %;

Sl = v/S(v) ‘J

| * calcul de la densité spectrale de
e | E TR puissance

: e adapté aux signaux stationnaires
o e mal adaptés aux FID

La transformée de Fourier - MA Delsuc




IS

gueloues remarques (2)

\ 7

Erreur sur 1o
=> convolution du spectre pag**'te

rotation de la phase proportionnel a la
fréquence

correction de phase

La transformée de Fourier - MA Delsuc



Mise en ceuvre (2)

* Apodisation

e multiplier les données par
une fenétre pour

améliorer le spectre

7 X\
7 NN\

) e N\

Lacnzos X

) s N\ NN
S

artefacts

forte de perte de signal
dans certains cas

modification du signal
mesure !

Y 7

A L G A S AN A IS

phase-sensible

La transformée de Fourier - MA Delsuc



VVorking on sampling methods

e FFT : Fast Fourier Transform

nlogn vs n?

* The use of FFT imposes a linear sampling

e Non Uniform Sampling (NUS) are currently being
developed allowing considerable gain of time

(a) standard 3D

.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................

(b) random sampling

.........

(c) spectral aliasing (d) projection NMR

P Schanda Progress NMR Spect. 2009
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2000-2013

e Study of Intrinsically Disordered Proteins (IDP)
e Study of Molecular Recognition fundamental mechanisms
e Description of Protein and Nucleic Acid excited states

* Visualizing Large complexe’s motions

e Monitoring protein’s states within the cell
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Characterization and molecular basis of the oligomeric
structure of HIV-1 Nef protein
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Fig. 4. Analysis of the oligomeric state based on NMR DOSY data: the methyl region of the DOSY spectrum of Nefy;_s¢a206 at
140 uM is shown. Three columns have been extracted at 0.91, 1.01, and 1.20 ppm and are reported to the left. The corresponding
diffusion coefficients, materialized by hatched axes, are 66, 84, and 77 mm?/s, respectively. The star indicates an impurity, with a much
faster diffusion coefficient.

e Rénafobis Oléron - 2018 @



