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Native MS
Non-covalent interaction
maintained in the gas-phase

Stoichiometry .
Ligand binding (Kds) lon mobility

Specificity
Complex stability

Subunit exchange Gas-phase separation of conformers ‘[ /’\

Spectral cleaning
Identification of conformers
Collisional cross-sections
Colision Induced Unfolding

Concept: non covalent interactions are maintained in the gas-phase

e Use of MS compatible buffer
e Transfer of high-MW species

e Balance between transmission and dissociation
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Native MS and lon Mobility: Timeline
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Native MS and lon Mobility: Timeline
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Native MS and lon Mobility: Timeline
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Native MS and lon Mobility: Timeline
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Native MS and lon Mobility: Output
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Native MS and lon Mobility: Output
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Native MS and lon Mobility: Output

Native MS

Non-covalent interaction
maintained in the gas-phase

2al1p

\

Ligand binding (Kds) lon mobility

Subunit exchange

Complex stability

4 |~

Gaos-phase separation of conformers
N drift time
> s

Output:
* Oligomeric state & subcomplexes
* lon mobility and modeling
* Dynamics
50 -
3 ——WT/S52P
540 -
o
530 -
©
c
320 .
©
310 .
‘:T:; 0 T T T T
0 1000 2000 3000 4000
Time (min)
40 WT/S52P
= - - -~ WT/S52P
330 - memmmmmTTTIT
8 ememmTTIIIII
] - B S —,
o I ——
=1 S e T
-810 . /"/":’ ::::::
T
g 0 T T T T

5000

0 1000 2000 = 3000 4000
Time (min

Marcoux et al, 2015 EMBO Mol Med

5000

Spectral cleaning
Identification of conformers
Collisional cross-sections
Colision Induced Unfolding

% 14+
43

14+
e

Light WT mixed with heavy S52P
15+

55h

3400 3500 3600 3700 3800 3000 4000 4100 4200 4300 4400 4500



Native MS and lon Mobility: Output
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Native MS and lon Mobility: Output
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Native MS and lon Mobility: Output
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Native MS and lon Mobility: Output
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Native MS and lon Mobility: Bench s ]

Challenges and Modifications / sample preparation

Need of a volatile buffer, most of the time ammonium acetate
20mMto 1 M/ pH 5 to 9 equilibrated with formic acid or ammonium hydroxide

Any kind of buffer exchange: membrane concentrators, SEC (benchtop or FPLC), dyalisis...

a 50 mM ammonium acetate b 250 mM ammonium acetate Cc 1 M ammonium acetate

10 mM Tris

2,000 4,000 6000 8,000
miz

24+ x4 W

04
2,000 4,0006,0008,000
miz

2,3(;6”':'1:,'()"('}'(;'IIIGI,B'(I)I(JI-II”BI,&;(I}II”” 2,000 4,000 6,000 8,000 2,000 4,000 6,000 8,000
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Hernandez and Robinson, 2007 Nature Protocol
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Native MS of Recombinant Proteins from Crude Cell Lysates
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Native MS and lon Mobility: Bench s ]

Nano ESI: Lower sample consumption (2 pl at ~1-100 uM/needle)
Better sensitivity (ionization efficiency)
Better salt tolerance/desolvation (less adducts)
Room temperature, no solvent necessary

Borosilicate micro-pipettes or “needles” pulled manually and coated with gold
b c

i B |
'

Or purchased and used with a chip-based robot

al d 1-5pum orifice

_—-ﬂ __ﬂ

(TR

ssssss
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Native MS and lon Mobility: Perspectives [ipbs ]
Alternatives to CID: Surface Induced Dissociation

Parent ions are targeted at a surface and daughter ions are analysed

e Transfer of high average internal energy (significant portion of the incident
kinetic energy) / fast (ps) single step activation process

e Especially useful for big ions, hard to fragment in CID

SID mode

(a) CID «imer *2mer <3mer e4mer +5mer -6mer *7mer
211mer =12mer =13mer -14mer #Overlap * Precursor

+30 +7

30x 13mers

a +43
e
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.ru FW'JJJLM}L-\' L.J\..J shen S8
T + T ? T

5000 10000 15000 20000 25000 30000
(c) * s +33 .t +29

o #

. 3, 8 T°.,°‘-. T+
T}ﬂ%IIJ;VFL];‘HI\JKJUL‘J‘«IL,('IJ "uI'\'l'JH!.".’WUL/]\umf‘ﬂu“u“m’ﬁ'“’w“h

+46 .
\+42 10000 0 11000 12000 13000 14000
+15

. mm%lﬂmmﬁu(jj % 1o 0, i oo o ° K +204§ |

piit ) W UL UL I gl o s\, ML AR
5000 10000 15000mfz 20000 25000 30000 Zhou et al, 2013 Anal Chem
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Top-Down MS: Concept

Top Down (native) MS
Cleaves covalent bonds
Maintains non-covalent
interactions

Interaction interfaces

Concept: MSMS analysis of entire proteins

e High resolution Orbitraps
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Top-down MS: Timeline

1985 2002 2020
1992 Nobel Prize

? ? Q@ @

ESI Ubiquitin MSMS

CAD of mz _ —
cha e
3+
4+ Yis 9+
Yoa Ys8

6820 6825 6830 699.5 700.0 700.5 726.5 727.0 Loo et al, PNAS 1992



Top-down MS: Timeline

1985 Nobel Prize 2013 2016 2020
1992 1999 2002

¢ s —* ¢

ESI Ubiquitin MSMS « top-down » proteoform MPC

Proteoform: different molecular forms of a gene, including genetic variations, alternative

Splicing a nd PTMS Smith and Kelleher 2013 Nature Methods
MPC: Multi-Proteoform Complex

Skinner et al, 2016 Nature Methods

Top- down Bottom-up
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Marcoux & Cianférani 2015 Methods



Top-down MS: Timeline

1985 Nobel Prize 2013 2016 2020
1992 1999 2002 2011 2014

t ;

ESI Ubiquitin MSMS
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>3 000 proteoforms
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Top-down MS: Output / Bench
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Top-down MS: Output / Bench

Proteome Discoverer (Prosight PD Top Down nodes)
Different search modes: Three-Tier Search

Absolute Mass Search (100 Da error window)
Biomarker Search
Absolute Mass Search (1000 Da error window)

Sequence coverage/Scoring in Prosight Lite
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PCS: 879.95
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% Fragments Explained: 43 %
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Native Top-down MS: Bridging the gap! Lpos!

1985 Nobel Prize 2013 2016 2020
1992 1999 2002 2011 2014
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Native Top-down MS: Bridging the gap!
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HDX-MS: Concept

Hydrogens in Proteins H oM H
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HDX-MS: Timeline

The origins of HDX-MS (before MS)

574 SHORT COMMUNICATIONS, PRELIMINARY NOTES voL. 14 (1954)

EXCHANGE OF HYDROGEN ATOMS IN INSULIN WITH DEUTERIUM ATOMS Dried insulin
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by _
AASE HVIDT axp K. LINDERSTR@M-LANG Resuspended
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g
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70
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i ] . .
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20 30 rmehours 2 monitor peptides

Hvidt and Linderstrom-Lang, 1956 Biochimica et Biophysica Acta Rosa and Richards, 1979 J Mol Biol



HDX-MS: Timeline

1985 20002002 2020
1991 1993 1996 1998 Nobel Prize

ESI

Cytochrome c Aldolase 4-mer

Ubiquitin (8,5 kDa) 12.4 kDa
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HDX-MS: Timeline

1985 20002002 2012 2020
1991 1993 1996 1998 Nobel Prize

ClpP 14-mer 300 kDa

Free ClpP ClpP + ADEP1 Difference
(e)

ICD

479-492 B

NBD

[ [ e I
100-80 80-60 60-40 40-20 20-0 more HDX less HDX
% Deuteration

Mehmood et al, 2012 PAS Sowole et al, 2013 J Mol Biol



HDX-MS: Timeline

1985 20002002
1991 1993 1996 1998 Nobel Prize

A

HDX module

Waters
Injection Port

Column Heater
(Pepsin Column not visible)
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HDX-MS:

Timeline
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HDX-MS: Output / Bench
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HDX-MS: Perspectives MDa assemblies

1985 20002002 2012 2020
1991 1993 1996 1998 Nobel Prize 2010 2013 2015 2019

e e

more accessible in less accessible in
complex complex
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Lesne et al, 2020 Nature Communlcatlo ad
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Inserm Workshop 262
Mass Spectrometry for Structural Biology

ORGANIZERS: Cherine BECHARA (IGF, Montpellier), Sarah CIANFERANI (IPHC, Strasbourg), Julien MARCOUX
(IPBS, Toulouse)

AIMS: This workshop will present the fundamental and applied aspects of Mass Spectrometry-based structural
techniques, as well as data analysis procedures. State-of-the-art lectures will be given by experts in the field, destined
to both non-MS and MS specialists.

o000 PHASE | = CRITICAL ASSESSMENT 00 PHASE Il - TECHNICAL WORKSHOP
January 11-13, 2022 - Bordeaux Top-Down - IPBS, Toulouse - Week of 07/02
Mative MS & lon-Mobility - IGF, Montpellier - Week of 14/02

TOP-DOWN MASS SPECTROMETRY HDX-MS - LSMBO, Strashourg - Week of 21/02

Frank SOBOTT (University of Leeds, GBR), Michal SHARON (Weizmann Institute,

ISR), Julien MARCOUX (IPBS, FRA), Alain BECK (Pierre Fabre, FRA) Hands-on experiments to apply main fundamental aspects developed during Phase | of the workshop. Three different training are

proposed together with dedicated bio-informatics tools for data analysis: Native and lon Mobility MS to analyse multiproteic and ligand
NATIVE MASS SPECTROMETRY AND ION MOBILITY binding complexes (IGF, Montpeliier), Top-Down MS to identify proteoforms from an immunoprecipitation (IPBS, Toulouse) as well as
Justin BENESCH (University of Oxford, GBR), Valérie GABELICA (IECB, FRA), HDX-MS to study the dewteration of standard proteins (IPHC, Strasbourg).

Kostas THALASSINOS (UCL, GBR), Cherine BECHARA (IGF, FRA), Charlotte

UETRECHT (Heinrich Pette Institute, DEU) SELECTION: 8 trainees will be selected for each city among Phase | participants.

HYDROGEN-DEUTERIUM EXCHANGE COUPLED TO MASS
SPECTROMETRY (HDX-MS)
Sébastien BRIER (Institut Pasteur, FRA), Argyris POLITIS (King's College, GBR),

Sarah CIANFERANI (IPHC, FRA 1 I + . :
¢ : I ||I nserm Information and registration
®

CROSS-LINKING AND INTEGRATIVE MODELING
Carla SCHMIDT (Martin Luther University, DEU), Petr MAN (BioCev, CZE),

ateliers@inserm.fr
Matteo DEGIACOMI (Durham University, GBR) OO, et mdiiale https://tinyurl.com/3ki5axhx




Many ThankS UNIVERSITE

IPBS, Toulouse

Odile Schiltz
Angelique Dafun
Dusan Zivkovic

Carine Froment
Marie-Pierre Bousquet

TOULOUSE I
Past: PAUL SABATIER s

Jean Lesne

Julien Parra

Frédéric Riviere STTTe
Thomas Menneteau Gastiss
Efthymia Koufogeorgou

_ toulpuse
etropQle

UTE URBAINE




	Structural Mass Spectrometry: from theory to practice
	Diapositive numéro 2
	Diapositive numéro 3
	Diapositive numéro 4
	Diapositive numéro 5
	Diapositive numéro 6
	Diapositive numéro 7
	Diapositive numéro 8
	Diapositive numéro 9
	Diapositive numéro 10
	Diapositive numéro 11
	Diapositive numéro 12
	Diapositive numéro 13
	Diapositive numéro 14
	Diapositive numéro 15
	Diapositive numéro 16
	Diapositive numéro 17
	Diapositive numéro 18
	Diapositive numéro 19
	Diapositive numéro 20
	Diapositive numéro 21
	Diapositive numéro 22
	Diapositive numéro 23
	Diapositive numéro 24
	Diapositive numéro 25
	Diapositive numéro 26
	Native MS of Recombinant Proteins from Crude Cell Lysates
	Diapositive numéro 28
	Alternatives to CID: Surface Induced Dissociation
	Diapositive numéro 30
	Diapositive numéro 31
	Diapositive numéro 32
	Diapositive numéro 33
	Diapositive numéro 34
	Diapositive numéro 35
	Diapositive numéro 36
	Diapositive numéro 37
	Diapositive numéro 38
	Diapositive numéro 39
	Diapositive numéro 40
	Diapositive numéro 41
	Diapositive numéro 42
	Diapositive numéro 43
	Diapositive numéro 44
	Diapositive numéro 45
	Diapositive numéro 46
	Diapositive numéro 47
	Diapositive numéro 48
	Diapositive numéro 49

