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Introduction to proteomics

Genome Transcriptome Proteome
ADN ARNm Protein Mature proteins Biological
(modified protelns) £
unction

~Transcription

Human genome

20-25 000 genes

xp&n ol »

Translation Post-translational modification

X4

x10

Human transcriptome
Alternative splicing
ARN editing
100 000 transcripts

uman proteome

Post-translational
modifications

> 106 proteoforms
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Analysis of proteomes
provide unique insights into
cellular function and disease

mechanism
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PROTEOME
the set of PROTEins expressed by a genOME
* In a given cell, cell population or tissue
* At agiventime
* |nagiven environment s

e With a given history Electrophoresis, 1995

One genome , many proteomes
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Temperature Stress
PROTEOME Cell differenciation & / Culture conditions
the set of PROTEins expressed by a genOME \ /

) . ; Cell cycle Drug, medicin
* In a given cell, cell population or tissu : o
_ ) Development —> 4— Pathological conditions
* Atagiventime T dlevel of —
. : : ype and level o
In a given environment Wasinger, expressed proteins Proteome Molecular processes

e With a given history Electrophoresis, 1995 : :
Protein-protein,

Cellular localisation /
1 genome many proteomes Protein-ligand
| _ N Post-translational \ . .

Interactions

modification . . Conformation
Diagnostic, Therapeutic
pronostic targets
biomarkers
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3 § Introduction to Proteomics

PROTEOME
the set of PROTEins expressed by a genOME
* In a given cell, cell population or tissu
* At agiventime
* |nagiven environment
* With a given history

Wasinger,
Electrophoresis, 1995

1 genome many proteomes

» Proteomics analysis :
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Temperature Stress

Culture conditions

Drug, medicin

Cell differenciation

Cell cycle

Development —>

Type and level of —
expressed proteins

Cellular localisation ‘7
Post-translational \\

modification

4— Pathological conditions

Proteome Molecular processes

Protein-protein,
Protein-ligand
interactions
Conformation

Diagnostic, Therapeutic
pronostic targets
biomarkers

 Aim at identifying, characterizing and quantifying proteins
* Contribute to understand normal and pathological processes and identify key protein candiates
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» Highly dynamic in time and space, and condition dependant
(many normal and pathological situations)

» This complexity
* is an analytical challenge

> Highly heterogeneous (> 10° proteoforms ) * requires dedicated
* Many co-/post-translational modifications (> 200) methodologies
* Physico-chemical properties heterogeneity
 More than 200 cell types in human body

-6
» High range of concentration, abundance (> 10°) 10°M
» Many protein complexes and protein interaction networks
(One protein -> Multiple functions)
» Still hidden proteins 1016 M

(alternative proteins translated from noncanonical open reading frames)

V. Redeker 3
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s %xp Large scale MS-based proteomics:
¥ Bottom-up approaches

» Bottom-up approaches for large scale and in-depth proteomics analysis of
low abundant proteins and their modifications in complex biological matrices

Intact proteins Proteolytic peptides ]
A - () _ Proteins
YN, MS analysis > ldentification
%9 — of proteolytic » Characterization
peptides > Quantification
p o ]

MMNNNGNQVS NLSNALR_S’NTTT DQSNINFEFS ‘['GVNNNNNNN sssnnNWvoN
NNSGRNGSQY NDNENNIKNT LECHROQOOA FSDMSHVEE RITK
SAPNGFKVAI VLSELGFHYN' “TIFLDFNLGE HR_PALID HGMDNLSIWE

SGAILLHLVN KYYKEQENPL LWSDDLADQS*QINAWLFFQT SGHAPMIGQA LHFRYFHSQK
1ASAVEREIIMENEEN YGVVE MALAERREAL VMELDTENAA AYSAGTTPMS QSRFFDYPVW
LVGDKLTIAD LAFVPWNNVV DR TKH MMRRPAVIKA LRGE

» Need to adapt the analytical strategy to the biological question

What is THE biological question?

What are the characteristics of the sample?

V. Redeker
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1- Sample preparation

1- Experimental design 3- Sample recovery
. Collection,
[ ]
2. ° Preservation,
(
® ® Protein extraction,
solubilisation
2- Type of sample 4- Proteins separation

Enrichment, Fractionation

Cells 0
[ |

Body fluids ' 5- Proteins digestion

Tissue

LC separation

Proteins

V. Redeker
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1- Sample preparation

1- Experimental design 3- Sample recovery

"W

2- Type of sample

Tissue Q GD
Cells ®

Body fluids '

Collection,
Preservation,
Protein extraction,
solubilisation

4- Proteins separation
Enrichment, Fractionation

LC separation
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5- Proteins digestion

Proteins

1- Peptide separation

(nanolLC) r»'wV‘*WM”'W

2- MS technology and acquisition method

The science of ions

high pression

lon source Analyzer:
lonizationand Detector: Signal
=) transfer of the lmdll onssorting I3  lons - processing
sample into (m/z) counting Mass spectrum

the gaz phase

——

* Molecular mass
*Sequence information
* Quantification

V. Redeker
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1- Sample preparation
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3- Bioinformatic
data Analysis

1- Experimental design 3- Sample recovery

"W

2- Type of sample

Tissue Q GD
Cells

n
Body fluids '

Collection,
Preservation,
Protein extraction,
solubilisation

4- Proteins separation
Enrichment, Fractionation

LC separation
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Proteins

1- Peptide separation

(nanolLC) «’Hr‘MMWW

2- MS technology and acquisition method

The science of ions

high pression

lon source Analyzer:
lonizationand Detector: Signal
=) transfer of the lmdll onssorting I3  lons - processing
sample into (m/z) counting Mass spectrum

the gaz phase

——

* Molecular mass
*Sequence information
* Quantification

Database searches

. . ‘ ° o .
Protein identification

¥
Protein qu‘antification

Statistical analysis
A 4
Data interpretation &

integration:
Enrichment analysis
Protein interaction network

4- Data validation

¢ ‘:~)~k)\
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lon source:

Signal treatment , spectra

lonisation and Collision Detector: ; . T
Sample |;') Y Analyzer 1 Y Analyzer 2 vizualization & acquisition
2 transmission in cell (gas) Y lon q
gas phase el Data analysis

Hybrid analyzer

V. Redeker 6




lon source: F
sample || forisationand N anaiyzerq M Colision BREE D0 T Detector vinualization & acausition
2 transmission in cell (gas) o 5m
gas phase el Data analysis

Hybrid analyzer

MS mode MS1
....OOQK+).~.OK+.....K+O. . - mlz mass

- 100

-

R R R Transmission of ions» lon measurement of 2 .
Cﬂypsin within a m/z range transmission intacts ions (MS) E LL L,.
Cm@. .‘”‘ ® oo 660 miz 120 | 780
NanoLC separation 1Ms 00000000 COSOOCT® oeeee
of peptides  _| 00008000
- —> ES|
lonizationl

A A YN T e

C ncéropodle
{le-de-France

(3 ] ®

KKKKKKK QUE I [ ]
FRANCAISE

b

Institut National
du Cancer

V. Redeker 6



GidTe. .
7% Principle of nanoLC-MS/MS Mass spectrometry
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lon source:
lonisation and
Sample Analyzer 1
P E> transmission in -

gas phase

’ } MS mode
Ki K K Transmission of ions

R R R
G—rypsin within a m/z range
“088eCs 00000
NanoLC separation 1Ms 00000000

B R ESI MS/MS mode

* 10- 20 MS/MS in 1-2sec (LTQ-Orbitrap)
* 100 MS/MS i 1 sec (timsTOF Pro)
» Fragmentation of thousands of peptides

Analyzer 2

Hybrid analyzer

» lon
transmission
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Signal treatment , spectra

Detector: ; T Y
vizualization & acquisition

lon
counting

Data analysis

MS1 e

m/z mass
measurement of
intacts ions (MS)

COe0eC® ¢0e00

0 oo 660z 720 780

2+
(M+2H)4
756.9 N\

Relative Intensity (%)
a
=

o
&
]
<

g
g
g

—
]
8

2,3,..100s g -
WS/MS -“ E
y11 y10 y9 y8 y7 y6 y5 y4 y3 y2 yl

e ATE[LEJE T e

bl b2 b3 b4 b5 b6 b7 b8 b9 bl0 bll

....C).
o0 Ce
oeCe
*O®

Cm - - .
KR Identification
V. Redeker



*4;?:4 *@g/u;@& ® ° m
g% Principle of nanoLC-MS/MS Mass spectrometry
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Signal treatment , spectra
vizualization & acquisition

lon source:
I:> lonisation and

transmission in
gas phase

Detector:
lon
counting

Collision
cell (gas)

Analyzer 1 Y 3 Analyzer2 g}

)

Sample

Data analysis

Hybrid analyzer

MS1

MS mode MS1 . _

MWM — _ m/z mass § N g‘ E

R R R Transmission of |ons» lon measurement of £ § ‘ 2

G’ryps,’n within a m/z range transmission intact ions (MS) 3 £ m/|z - !“le
. CosoeCe ... R e AR
NanoLC separation 1 MS 00000000 Coe0eC® o000 MS?2

of peptides  _| — | 00008000 'hloo ~

B MS/MS mode R > -

£ c c

2,3,..100s - ;
WS/MS
400 gz 800 1200
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m/z
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e ATE[LEJE T e

- ....D. *b1 b2 b3 b4 bS b6 b7 bg b9 b10 bil *E

* 10- 20 MS/MS in 1-2sec (LTQ-Orbitrap) oo mrz g

* 100 MS/MSi 1 sec (timsTOF Pro) O® =

> Fragmentation of thousands of peptides R Identification Quantification m/z
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Entry: List of precursor masses and corresponding mass _ _
fragments

NCBI RefSeq SEQUEST

Parameters: UniProt Mascot
- Mass tolerances in MS1 and MS2 Ensembl OMSSA

- Enzyme digestion: specificity and number of miscleavages _
- Protein modifications: list of fixed or variable modifications UniRef Xltandem

- Type of instrument used OpenProt Andromeda
- Decoy database

6
Re s u I t s 100% 543,31 miz, 2+, 1084,60 Da, (Parent Error: -8,0 ppm)
3 t I t I t D t L t V t L t 0 t R

P05213 (100 %), 50 151,7 Da 5%
Tubulin alpha-1B chain 0S=Mus musculus 0X=10090 GN=Tuba1b PE=1 SV=2 2
2 ive unique peptides, 2 exclusive unique spectra, 5 total spectra, 290/451 amino acids (64 % coverage) g

3

4
MRECISIHVG QAGVQIGNAC WELYCLEHGI QPDGQMPSDK TIGGGDDSFN TFFSETGAGK HVPRAVFVDL EPTVIDEVRT 250% v
GTYRQLFHPE QLITGKEDAA NNYARGHYTI GKEIIDLVLD RIRKLADQCT GLQGFLVFHS FGGGTGSGFT SLLMERLSVD F ¥5
YGKKSKLEFS IYPAPQVSTA VVEPYNSILT THTTLEHSDC AFMVDNEAIY DICRRNLDIE RPTYTNLNRL 1SQIVSSITA % v
SLRFDGALNV DLTEFQTNLV PYPRIHFPLA TYAPVISAEK AYHEQLSVAE ITNACFEPAN Q.VKCDPRHG KY.ACCLLYR 4
GDVVPKDVNA AIATIKTKRS IQFVDWCPTG FKVGINYQPP TVVPGGDLAK VQRAVCMLSN TTAIAEAWAR LDHKFDLMYA 25%
KRAFVHWYVG EGMEEGEFSE AREDMAALEK DYEEVGVDSV EGEGEEEGEE Y

b b3 ‘bA b

FDR “ . |1‘| . L i Ll T Hlblsl ! m|\|1 ! Ll

0 100 200 300 400 500 600 700 800 900 1000
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Shotgun analysis of proteolytic peptides

T
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e Am PTM m\@T DT§ *’@%;;
1]

<>
Am, PTM

amino acid assignment

MS and MS/MS Data

> m/z

https://www.unimod.org/
modifications_list.php?

Larsen MR, BioTechniques, 2006

{le-de-France

Hr i n C ﬁ

REPUBLIQUE

AAAAAAAAA i Ll
i atio

Institut National
du Cancer

Modification specific enrichment strategies

@ O O oD ®

Phosphorylation  Methylation

Phosphorylation

specific strategi
b3

> m/z \

Database search
‘

€s

Apatylation  Fal-ubiguiinabon Paly-ADP Glyeosylation
ribosyation

Immuno-affinity (pS, pT, pY)
TiO2, IMAC Chromatography
Chemical Modification & capture

¥

MS and MS/MS Data

~

PTM assignment by bottom-up methods

ot

Proteoforms toechiometry by top-down MS

V. Redeker 8
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New C-terminal truncation of

tubulin
by 739.34
559.19 Ys Yo Y5 Ya VY3
Sodrdrdom
bZ b3 b5 bG b7 b8 b9
b
b 83537
706.31
Ysg b g b
f EEE, 9
b 3'733313 Ya 59226 Eot o0 93&2 1093.45
24811 Y3 407246320 54733 Ys
| 33422 l J \ H . 92551 o
AT i odd lHA h R VOO 2 SR | R
200 300 400 500 600 700/ 800 900 1000 1100 1200 1300
m/z

Aillaud et al, Mol Biol Cell, 2016

Example of post-translational modification
" identification
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Large scale N-terminomics:
from identification to quantification

NTA

| N-a-Acetylation (>80%)

CH3 Nat
’ Deformylation (>90%) lC.-.og ? NMT
; X=Gly “VWAAMW

R o
NME pu:.?}(h

I_A MetAP

N-Terminal Methionine-excision (60%)

N-Myristoylation (~2-4%)

RIBOSOME

Guesdes et al, Mol Cell Biol, 2024; Armbruster, Plant Physiol 2020.; Linster, New
Physiologist, 2020; Dian, Nat Comm, 2020; Bienvenut, Mol Syst Biol. 2020; Castrec,
Nat. Chem. Biol, 2018, Bienvenut, Meth Mol Biol. 2017 ;

V. Redeker 9



MS Acquisition methods

Data Data
Dependant Independant

7 pbA \/ DA N\

Ms*

—

LAl
| |
Ms? Ms?
:> *

| | HII" ||
MsSz2 # E}econvnluted HS;

o>
[ |
N A Y
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‘ozeel for global discovery proteomics
MS Acquisition methods Last generation MS instruments
timsTOF Astral
Data Data * TIMS lons separation  FAIMS lons fractionation
Dependant Independant ﬂ W23 4—E .
/" DDA \/ DIA N\ |wuqulH|HHHHHHHHHHH\HH\H||||||H|H\HHIHHIIIF”'IIII‘ .#—@.#
Ms' Ms! # u’@,’ | — ~ 29
— | Paraliel TIVS sc - L
| ‘ (& | | L HHHH\HHIIHHHHHH\HHHHHH‘HHHHHH|||Hlllh||||||| High-field asymmetric waveform ion mobility spectrometry
| Trapped lon Mobility Separation with PASEF
ms? Ms? * Analyzer 1 : Quadrupole * Analyzer 1: Quadrupole
*
= : i III" [l + Analyzer2: Time- |7 * Analyzer 2 : Orbitrap & Astral:
Ms2 * Deconvoluted MS? of- flight _JE jl-[ £ @' b
P L o
l 2. m/z QS &L 1. RT
N AN >/ 3. CCs | |2
4. MS/MS 1l e 4. MS/MS
':il.lll |_ I,"_ ,..,||I'.. (b | | .
4D prote Omi cs JEJJ",'IH.AMM.,‘]i]l-r,..],-.: ‘I"L. ""'ll‘f."“‘wm"lj"'*"“‘;'M‘J-\;'l,—_l 3D pr oteomics
— V. Redeker 10




=, Example of DIA-PASEF protein identifications
“pzee® with the timsTOF Ultra2 MS

Hela extract
(20 ng, 200 pg; 22 min nLC gradient)

228265 N§
\ N
150 000 1.9
100 000
100 000

5155

48548
50 000
1670
a4 |

Single cell
W 20 ng 200 pg | EEEp &

sensitivity
Y-
In DDA mode: ID of 998 phosphorylation peptide
Without any enrichment

V. Redeker
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Hela extract
(20 ng, 200 pg; 22 min nLC gradient)

228265 €§
\ N
150 000 1.9
100 000
100 000

5155

48548
50 000
1670
a4 |

20 ng 200 pg

-

In DDA mode: ID of 998 phosphorylation peptide
Without any enrichment

- Single cell

sensitivity

il Example of DIA-PASEF protein identifications
“u:2:¢" with the timsTOF Ultra2 MS

Mix of 3 proteomes
(20ng, 45 min nLC gradient)

T - .‘ ";“'.’ -
[le-de-France
En b4
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r

In total:
mix B m- Protein groups:
mica 0% 2% )

11 855to 11 936
Precursor ions:
E.coli ™ Yeast 139 988 to 143 343

H Human

Protein groups
Human: 8412

E.Coli: 1150
Yeast: 3450

Precursors
Human: 136 506
E. Coli: 33568
Yeast: 7 562

T T
& -a

K z
Welch's T-test Difference mixA_mixB

Volcanoplot (Label-free quantification)

V. Redeker
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£i7% MS-based relative quantification of proteins
“ezs” for global discovery proteomics

: R
- o e @
Protein

e
extraction Proteolysis
[/ o

Sample 2 . I

i
e

Jiang et al, ACS Meas. Sci. Au 2024

Data analysis [

Quantification

Intensity

Intensity
3
LN

MS1 intensity

lle-de-France

V. Redeker
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Streptomyces strains

Comparisonf of 3 strains and different culture
conditions using multivariable statistical analysis

Lejeune et al, Res Microbiol 2024

NITROGEN ASSIMILATION
| | SC02234
. | ] i SCO0213
‘ SC04%49
SCO0216

~ SCO0218
SC00215
SCO4947
SC02488
SCO2487
SC02486
SC02959
SCO2473
5005585
SC02958
SC05583
SCO5582
| SC02553
SCo0217

::::::::::::
oooooooooooo
¢¢¢¢¢¢¢¢¢¢¢¢

S.lividans pptA S. coelicolor

Example of proteome comparisons
using label-free quantification

iPSC cells

-4 -2 0 2

Log?2 (Fold Change)

Louca et al, Neurobiol Dis. 2024

shCTRL / shHTT CTRL_ASO/HTT_ASO
8_
z HIT "ol e
SRS T
9 DLG4" % “"BDNF
[ 3 3
T T | T 0 T §|' T T

2 0 2 4
Log2 Fold change

> Exploration of protein network changes and defects

LFQ normalized to CTRL

-
o

o
)

Component 2 (15%)
I o

=}
I

-20

' ncéropdle
{le-de-France

Effect of lowering the expression of one protein

c )
1 1

e
+

o
o
|

o
=}

N

o

|

T

=

. ‘_|
>

7]

(@]

CTRL_ASO, 5 */

i ) ﬁ
i

2 (L~

/i)

\!/ shCTRL

T T T T T |
20 -10 0 10 20 30 40
Component 1 (38.7%)
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“s:¥ comparison

[ Proteins interacting with
mitochondrial proteins
(cMyc tag)

Herbert et al, NAR, 2021

(d Chromatin bound protein
dynamics during replication

WT vs APlk1

Ciardo et al, NAR, 2021

N -\cg}o (p-vﬁalue) .

.
1 IP Mrh5-cMyc GSSU

4

I T 1 1
log2 (Fold Change)

>
FiS &
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13 H
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ins3 @ °
mi
R °
re11 1
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Meml0 @
Trrap °
Topla °
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Dsccl @ Y
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Pkl @ e o
S ]
Pold1 )
Prkp,
Primza L)
X °
Sspl @
Aldhisa
Fenl Y o
Atm o
suptish @ H
red .
PreL. .
Rnaseh2a @
Tubal3 1 3
Msh6

ct5
Msh2

A A
APIk1 Amock

(+/- crosslinking)

o, Example of interactome identification and

J Receptors of protein aggregates at
the surface of the cell membrane

Shrivastava, Redeker et al EMBO J.

Hsc70

2015; 2019

O Protein-protein surface interactions
(covalent cross-linking)
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Nury, Anal Chem. 2015; Bendifallah,
BBRC, 2020;
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Metabolic labeling

SILAC (Stable Isotope
Labeling of Amino
acids in cell Culture)

Isobaric tags

iTRAQ (Isobaric Tagging
Reagents for Accurate
Quantification)

TMT (Tandem Mass Tags)

; Ile- deFrnce

T |nCo‘\
for global dlscovery proteomics oo
Quantification
N = 5
= L r—
Protein v = . /' MS1
extraction N__ Proteolysis Data analysis [~ _ 3
Sample 2 e Q | & Ild
1 =
!‘ m/z
oo Quantification
Sample 1, Protein .
|- .-J H \:_. g> o
-~ |extraction Proteolysis | Data analysis | MS1
"Heavy" M ’ 2
Sample 2 | £ =
@ - Quantification
L MS
1 = @5 : %
le 2 | &
Sample - . !ﬁl - V C/ MS/MS MS2
Protein - b * =
extraction Proteuiyma . s:a;:c Mix LC-MS-MS !____ &% Dataanalysis | 2 Re po rter
Sample 3 ° AT = E— ———r ol S ———— | E ;
% Vv @ S - = on
' b = Labeled peptide :
- mix
Jiang et al, ACS Meas. Sci. Au 2024
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Discovery Proteomics

From discovery proteomics to clinical proteomics

Targeted Proteomics

C ncéropdle

{le-de-France

En b4
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b

it Institut National
""" du Cancer

Discovery of biomarkers
Cohort design

Sensitive Discovery | | Validation

cohort cohort

Targeted *t*

Discovery

Test
cohort

L

Proteomics

Proteomics | |

Y

Comprehensive Scalable

Discovery proteomics

|

Protein prioritization

|

Machine leaming

|

Model building and validation

|

Model test

Development of clinical assay

Priortized protein biomarker panel
+

Transfer into targeted MS assays

Endogenous peptide

Stable-isotope-labelled
spike-in peptides

|

Validation of the targeted MS assays
in clinical cohorts as LDTs or WDs

= Accuracy

» Lineanty

» |nterference

» Limit of detection (LOD)

» Limit of quantification (LOQ)

+ Calibrator and quality control

= Within-run and between-run
precision

Guo et al, Nature 2025

V. Redeker
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£i7'% MS-based absolute quantification of proteins

‘opasl for targeted proteomics
Mass Spectrometry acquisition Data
L Orbitrap Peak area
or TOE Scan cycle
Scan 1
o ﬁ\ v
Tl
Precursc?rlon Fragmentation Fragmen?lons .Fragr.nen.t Ratio
selection detection identification
Endogenous/
Heavy

G Endogeneous Light Peptide

0 Spiked Heavy Reference

l‘- . E

intensity

RT

Barkovits et al,
Meth Mol Biol,
2021
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s, IMIS-based absolute quantification of proteins
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“sz2=f for targeted proteomics
Mass Spectrometry acquisition Data Method
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and spatial proteomics

Huang et al BioRxiv, 2025

Tissue sections
Plasma

Laser Microdissection

200 ng 20ng—2ng

» Advances in DIA protein identifications ® AR
“wza<¥ wWith the latest generation instruments
High sensitivity High speed
3000 m timsTOF Ultra 2 [ Orbitrap Astral | 7000 | W timsTOF Ultra 2 mmm Orbitrap Astral  2ng protein input
" 7000- 20 min gradient m 6000 - Facs 6139 6678 geqs O748 s a821
6000+ =1
= 5000
© 5000- o
"2 4000- (p 4000
@ 3000 E 3000 -
2 2000- © 2000 1
1000- .
{]_
0.2 0.5 1 2 10 0% 10 20 30 40 60
Sample amounts (ng) Gradient length (min)
——
—_— . Towards limited run times per sample (5-10min)
Towards single cell proteomics . .
Coll lime and high throughput sample analysis

Single cell

200 pg
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» Laser microdissection (LMD) toward

g@i spatlal MS proteomics within tissues

Laser-capture

. ) Isolation Sample clean-up
microdissection of cells reduction/alkylation
(LCM) (distinct sub- digestion

populations) (SP3, S-trap)

FFPE tissue
treatment
* Deparaffinization
*Decrosslinking
(90°C, SDS>2%)
*Homogeneization

Buczak, Nature methods, 2020

» Formalin-fixed and paraffin-embedded FFPE tissues:
a gold mine for retrospective discovery and clinical proteomics studies . redeker 19
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s, Laser microdissection (LMD) toward
“opef” spatial MS proteomics within tissues

Last generation LC-MS proteomics and phosphoproteomics

<
-
A
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Application to clinical lung cancer FFPE
samples (Haines, MICP, 2025)

m
L.a ser;aptur € Isolation Sample clean-up !ﬁ
microdissection of cells reduction/alkylation
(LCM) (distinct sub- digestion

,‘ populations) (SP3, S-trap) :
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100004 120000 - :;lm ] KIF [L ] FD/‘ [ [ s 5

BEEEEEEeEeEs
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*Deparaffinization E - ™ Lom- T ne \\JU e
Buczak, Nature methods, 2020 -Decoross Imkmog - 1 =
-I(—|90 < SDS>.2/:.) I Proteins
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» Formalin-fixed and paraffin-embedded FFPE tissues:
a gold mine for retrospective discovery and clinical proteomics studies . redeker 19
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Single Cell Proteomics isolated by FACS or CellONE

Nanolitre 'il']' Dmnltﬁ_[:j?jﬂ ni) High-throughput label-free single cell proteomics

droplets :l,fh . H‘;:i . {H;_% _?I ",

Cell Proteins Peptides LC separation

T Y || _, High-throughput
Microfluidics : —— proteoGCHIP U %‘:’
0z 1 3 EVO 96
Y
y — e 0]
_ . w7

Guo et al, Nature 2025

» Exploration of cell heterogeneity
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Identification of alternative proteins

MS-based workflow to identify alternative proteins in pancreatic cancer cell lines

Hela
HEK293T

MIA PaCa-2
PATUBSEET

4

&?_/“1 PANC-1
_— AsPC-1
= 4 (3 for PATUEDEE)

Proteins Extraction and Fractionation

i Trypsin
Y Ey digestion =
oo Gy L
. .-"I ‘ .:ll'.] # ';_:"33- J
= £ sy High pH reverse phase
SDC buffer Proteins Peptides fractionation (5 fractions)

Data-Independent Acquisition Analysis

Cuantitative analysis

Analysis using the

N
!
Raw data analysis E\ \} curated spectral library

nanolC-MS M5 analysis uging DIA-NM

on an Exploris 430 in DA

DIA-NN

Data-Dependent Acquisition Analysis

f@_c:r&r.'Pr-:-' L

Raw data analysis using
Proline and OpenProt

% Proline

Microproteins identified

nanalC-MS/ 5 analysis
an an Exploris 480 in DDA

| 1% FDR PEM lewvel (5% FOR at the protein level) 1292

S <=

¥ or b ions covering at least 75% of the peptide sequence 187
Manwal validation of M5/MS spectra by two operators

| Blast against all prateomes in UniProt | 113

Generation of a curated spectral library

» Expression of RNAs coding for some of the alternative proteins identified here is
altered in Pancreatic tumors versus normal tissues and correlates with patient survival
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Fi ISE
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Guillon, Cells, 2024
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Al empowers MS-based proteomics -

FRANCAISE
Institut National
u Cancer
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Multi-omics
and multimodal
data integration
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Proteome Proteome
data mining Metabolome
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Guo et al, Nature 2025
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Label-free

Wl

Isobaric labelling

Affinily Enrichmenl p—
-

¥ : ,

e

Dep};l-inn Pre-fractivnation Mass Spectromelry

B. SomaScan

Biotinylated protein/SOMAmer
complex bind to new
streptavidin beads

Aptamer dissociation
and quantification
on DNA microarray

Protein capture by streptavidin
bound SOMAmer

Bound protein is tagged
with biotin and linker is cleaved

C. Olink

Nunmessenee

Cydes

Antibody pairs bind to
the same protein target

Correctly matched DNA tags
hybridee and generate
unique barcode

DNA amplification and
readout using gPCR

Bjgdstrup Palstrém, Biomedicines, 2022

EN
REPUBLIQUE
FRANCAISE

D- NULISA
(NUcleic acid-Linked Immuno-Sandwich Assay)

Bridging aligas anguns
spscifiG bgalicor

L
k
for sequential capture

pedvi-tailed abge S
grquenlial captume

Vrifkd antigen-opooit:
artizody pair

1- Immuno-complex formation

2- Capture of immun-complexes to dT beads

3- Release & recapture of immuno-complexes on Streptavidin beads
4- DNA strand ligation generates reporter DNA

5- Quantification of reporter DNA by gPCR / NGS

» Protein identification: 10 — 12 000 proteins : MS
» Dynamic range: 10-12 log (6-7 log )MS

» PTMs identification: MS
» Specificity: MS
» Required expertise: MS
» Proteome coverage in plasma: MS

V. Redeker
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Large scale MS-proteomics offers a powerful tool for

» in-depth analysis characterization and quantification
of proteins in highly complex samples

» deciphering the molecular composition and
functional heterogeneity of complex biological
systems such as the tumor microenvironment.

» Biologists: insights into cellular proteome
complexity, protein function, and signalling in tumor
progression.

» Physicians: biomarker discovery, understanding and
prediction of treatment response and resistance
mechanisms, and potential for personalized
medicine

Last generation technologies and methodologies
advances have enabled significant progress

-

@ensitivity Speed High-throughput Robustness)

Sample Preparation Spatial analysis
Integration of artificial intelligence
Innovative data acquisition )

Future developments

Spatial proteomics and single cell proteomics
Alternative proteins and immunopeptidomics
Protein interactions and proximities in cellulo
and in tissue

Multi-omics integration

Al-based bioinformatic processing of massive
MS and data integration

Combination with affinity-based proteomics
approaches

V. Redeker 25
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Mise en perspective de I'apport et des limites des techniques”

Quelle sont les techniques ou stratéegies analytiques disponibles? Méthodes biochimiques, chimiques ou spectroscopiques?
Comment identifier des biomarqueurs inconnus? Rechercher des biomarqueurs cibles? Quelle technique permet de
répondre a quelle question ? Spectrométrie de masse, techniques séparatives, spatialomique, séquencage, detection des
biomarqueurs, effets cocktails, analyse multiplex

Que peut-on faire a partir de quels echantillons ? (congeles / FFPE) Quelles sont les différences et les limitations de
['analyse d'eéchantillons cliniques vs les modeles cellulaires? Comment analyser une biopsie solide ou un prélevement
liguide? Comment traiter le souci de la complexité biologique?

Quelles contraintes ? Temps, débit d'analyse, colt, échantillonnage, délai, traitements, conservation...

Quelles consequences de l'accelération du developpement de nouvelles technologies ? Est-ce que a terme la spectrométrie
de masse va étre remplacée par ces nouvelles approches qui promettent des sensibilité au niveau de la molécule unique?

Que dire des avantages et inconvenient des approches single cell? Sont elles toujours adaptees?

Analyse / traitement des données : autonomie / spécialistes ? Collaborations ? Que decider? Complexité et rapidité des
développement bioinformatiques, complémentarité? Quand doit-on faire du top-down ou du bottom-up? Comment
traiter les indormations provenant d'organismes peu ou non séquencés comme dans le cas du microbiote?

Intéret de l'IA : ou est-ce que ca peut entrer, quelles sont ses limites ? Existe-t-il des solutions déja disponibles?

Ou les Omics se rejoignent-elles ? (protéeomique, peptidomique, métabolomique, points communs, différentes, corrélations
génomique / protéomique ...) Quel est l'intérét d'une approche multi-omique et est-elle toujours pertinente? Comment
intégrer des données multiomiques?



ApprocheTop-Down (fragmentation de protéines entieres)

Intact proteoforms
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Clear result
Upregulation of
proteoform with
simultaneous
methylation and
phosphorylation

Complex

disease
phenotypes

Ambiguous result
Upregulation of methylated and
phosphorylated peptides
(exact proteoforms unknown)

Savaryn JP,
Genome Med,

2013, 5:53

C ncéropdle

{le-de-France

KEPUIII.IQUE n C |
FRANCAISE l .

lnstltut Natlonal
du C




=KW
Vet
AMER

lle-de-France

Other spatial proteomics approaches
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