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What is behind these data?
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GENOMICS vs PROTEOMICS

• Static (no change with time)
• Can be amplified (PCR)
• Little sample complexity 
• (4 base pairs, very similar, same 

order of concentration)
• Good solubility

• Dynamic 
• (highly variable with time; 

many proteomes for one 
genome)

• Cannot be amplified
• High sample complexity (wide 

variety of physical and 
chemical properties; 
concentrations can differ by 9 
orders of magnitude)

• Various solubility; some 
proteins are insoluble in 
water

Genome (DNA) Proteome (proteins)



Alanine A, Ala 71.079

Arginine R, Arg 156.188

Asparagine N, Asn 114.104

Aspartic acid D, Asp 115.089

Cysteine C, Cys 103.145

Glutamine Q, Gln 128.131

Glutamic acid E, Glu 129.116

Glycine G, Gly 57.052

Histidine H, His 137.141

Isoleucine I, Ile 113.160

Leucine L, Leu 113.160

Lysine K, Lys 128.17

Methionine M, Met 131.199

Phenylalanine F, Phe 147.177

Proline P, Pro 97.117

Serine S, Ser 87.078

Threonine T, Thr 101.105

Tryptophan W, Trp 186.213

Tyrosine Y, Tyr 163.176

Valine V, Val 99.133



• Proteomics is the large-scale study of proteomes, it means all 

proteins from a cell, an organelle, a tissue, an organ or from an 

organism at a one point, under specific conditions.

• Proteomics is at the crossroads of biochemistry, analytical 

chemistry and bioinformatics. 
Proteins can be modified by different biological or chemical 

processes; The different variants of proteins are called now:
Proteoforms

Nat Methods. 2013 Mar;10(3):186-7. doi: 10.1038/nmeth.2369.
Proteoform: a single term describing protein complexity.
Smith LM, Kelleher NL; Consortium for Top Down Proteomics

Proteomics?



PROTEOMICS GOALS

• Identification of all proteins in a proteome
• Search for new, hypothetical or predicted proteins
• Analysis of differential expression between 2,3,... 

different conditions (protein up- or downregulation)
• Identification of post-translational modifications
• Characterization of proteins by function, pathway, cellular 

location, etc.
• Study of protein-protein interactions



Proteomics techniques





Problem of proteome complexity



Evolution of proteomics performances
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http://www.piercenet.com/method/quantitative-proteomics

Inherent dilemma linked to proteomics



Dynamic range in human plasma



14

Dynamic range of proteomes

Proteomics and proteome coverage

Zubarev et al. 2013



• What is the protein content of my biological sample? 
=> problem of identification 

• What is the abundance of my protein of interest? 
=> quantification

• Relative question: What are the protein abundance variations of 
the proteomes studied?

• What are the partners of my protein of interest?
• Are there any signature proteins related to a particular 

biological process?

=> biomarkers identifications and quantifications

Key questions in proteomics



Instrumentations



Proteins

Peptides HPLC

Top – Down

Bottom – Up

The strategy is dependent of the sample complexity

Identification
Quantification

Search engine (Mascot, Sequest, Peaks, 
Maxquant, OMSSA, Prosight, Byonik)

MS acquisition
• MALDI TOF/TOF
• Orbitrap

(< 4000 Da)

(< 50000 Da in particular conditions)

PROTEASES

Proteomics workflows



• Less sophisticated 
instrumentation and 
expertise

• High throughput
• More info about proteins 

with “extreme” phys.-chem. 
properties (hydrophobic, 
Hi/Low MW, acidic/basic)

• Confidence in protein ID 
strongly depends on 
restriction criteria 
(subjective; potential bias)

• Since protein ID is often 
done by 1-2 peptides, PTM 
and isoform information is 
often lost

Advantages Disadvantages

BOTTOM-UP PROTEOMICS: PRO’S AND CON’S



Enzyme or Reagent Cleaves where? Exceptions

Trypsin C-terminal side of K or R if P is C-term to K or R
Trypsin (C-term to K/R, even before P) C-terminal side of K or R
Trypsin (higher specificity) C-terminal side of K or R if P is C-term to K or R; 

after K in CKY, DKD, CKH, CKD, KKR;
after R in RRH, RRR, CRK, DRD, RRF, KRR

Lys C C-terminal side of K
CNBr C-terminal side of M
Arg C C-terminal side of R if P is C-term to R
Asp N N-terminal side of D
Asp N + N-terminal Glu N-terminal side of D or E
Glu C (bicarbonate) C-terminal side of E if P is C-term to E, or if E is C-term to E
Glu C (phosphate) C-terminal side of D or E if P is C-term to D or E, or if E is C-term to D or E

Chymotrypsin (C-term to F/Y/W/M/L, not before P, not after Y if P is C-term to Y) 
C-terminal side of F, L, M, W, Y if P is C-term to F, L, M, W, Y, if P is N-term to Y

Chymotrypsin (C-term to F/Y/W/, not before P, not after Y if P is C-term to Y)
C-terminal side of F, Y, W if P is C-term to F, Y, W, if P is N-term to Y

Trypsin/Chymotrypsin (C-term to K/R/F/Y/W, not before P, not after Y if P is C-term to Y)
C-terminal side of K, R, F, Y, W if P is C-term to K, R, F, Y, W, if P is N-term to Y

Pepsin (pH 1.3) C-terminal side of F, L 
Pepsin (pH > 2) C-terminal side of F, L, W, Y, A, E, Q 
Proteinase K C-terminal side of A, C, G, M, F, S, Y, W

Cleavage rules of proteases



PEPTIDE LENGTH AND NUMBER OF PEPTIDES GENERATED DEPENDING ON 
ENZYME USED FOR DIGESTION

Advantages of a new proteomic approach that uses accurate mass measurements, LC retention time, 
isoelectric point and dual enzymatic digestion. Petritis K. et. al., Biological Sciences Division, Pacific 
Northwest National Laboratory, Richland, WA 99352; ASMS'2007 poster presentation
http://www.chem.agilent.com/Library/posters/Public/Petritis_ASMS_2007.pdf

Other  enzymes with more or less specific cleavage:



m/z

What is MS?



MS and MS/MS
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hn

Laser

1. L’échantillon (A) est mélangé
avec un excès de matrice (M)
et séché sur la plaque MALDI

2. Le flash Laser ionise les 
molécules de matrice

3.  Les molécules d’échantillon
sont ionisées par transfert de 
protons de la matrice: 

MH+ + A   M + AH+.

AH+

+20 kV

Variable   Ground
Grid        Grid

Sample plate

MALDI ionization (Matrix Assisted Laser Desorption Ionization)



2,4,6-trihydroxy acetophenone (THAP)

-cyano-4-hydroxycinnamic acid

2,5-dihydroxybenzoic acid 
(2,5-DHB)

Dithranol

trans-3-indoleacrylic acid

Sinapinic acid (3,5-Dimethoxy-4-
hydroxy cinnamic acid)

2-(4-hydroxyphenylazo)-benzoic acid 
(HABA)

3-hydroxypicolinic acid (3-HPA)
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MALDI-TOF Matrix 



Sinapinic Acid Proteins >10kDa

-Cyano-4-hydroxy-
cinnamic acid (CHCA)

Peptides<10kDa

2,5-Dihydroxybenzoic 
acid (DHB)

Neutral carbohydrates,
Synthetic Polymers

“Super DHB” Proteins,
Glycosylated proteins
Oligonucleotides

HABA Proteins,
Oligosaccharides

3-Hydroxypicolinic acid

Matrix choices



Ionization by electrospray



Electrospray and nanospray sources

Electrospray nanospray

nanospray



Active beam guide 
(ABG)

• Bent flatapole with axial field

• Preventing neutrals and high-velocity clusters from entering the 
quadrupole

• Axial field along the rods improves robustness by elimination of local 
charging

• Same metal capillaries as Velos (also used on Q Exactive), has V 
stamped on outside

“Active Beam Guide” transmission



Different instrumental design



1.000    linear TOF w/o DE

5.000    reflector TOF w/o DE

25.000    reflector TOF with DE
125.000    FTMS wideband mode

1.000.000    FTMS high-res mode

Resolution

Importance of spectral resolution



Name Symbol Mass (Da) Abundance (%) 

Hydrogen H 1.007825 99.9885 

Deuterium H 2.014102 0.0115 

Carbon C 12.000000 98.9300 

 C 13.003355 1.0700 

Nitrogen N 14.003074 99.6320 

 N 15.000109 0.3680 

Oxygen O 15.994915 99.7570 

 O 16.999132 0.0380 

 O 17.999160 0.2050 

Phosphorus P 30.973762 100.0000 

Sulfur S 31.973762 94.9300 

 S 32.971458 0.7600 

 S 33.967867 4.2900 

 S 35.967081 0.0200 

Natural abundance of atoms isotopes in proteins

31

669.96991
z=3

670.30365
z=3

670.63580
z=3

670.97278
z=3

671.08551

670 671



Resolution and mass accuracy
2400.00616

2398 2400 2402 2404 2406 2408 m/z

2400.30616

2398 2400 2402 2404 2406 2408 m/z

2400.00616

2398 2400 2402 2404 2406 2408 m/z

Poor resolution
High mass accuracy

High resolution
High mass accuracy

High resolution
Poor mass accuracy

High resolution makes it easier to achieve high 
mass accuracy – but high mass accuracy does not 
necessarily require high resolution! High resolution 
is only mandatory to avoid overlapping peaks.



Quadrupole analysers

0= − .cos(2 ) = 0.  ( 2− 2)/ 02



Isolation Width: Full MS to 1 amu
(MRFA)

110511_Transmission_comp_all_1e5_01 #109
T: FTMS + p ESI SIM ms [521.30-527.20]
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T: FTMS + p ESI SIM ms [522.30-526.20]
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110511_Transmission_comp_all_1e5_01 #11 RT: 0.05 AV: 1 NL: 1.33E8
T: FTMS + p ESI Full ms [200.00-2000.00]
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Different instrumental design

Trappe linéaire (double pression)

Trappe tridimensionnelle (Paul)
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the orbitrap cell



LTQ Orbitrap Velos

LTQ Orbitrap Velos Pro
Orbitrap Elite

Orbitrap Fusion Tribrid

2009

2013

2007 LTQ Orbitrap XL and Discovery

LTQ Orbitrap XL ETD2008

2011

Developpement of the orbitrap family



Instrumentations



MALDI-TOF/TOF



Samples on MALDI plate



Is the detector
this way ?

Wait and see...

Starting line
(MALDI target)

Remember : Mass of an ion is measured in the Dalton units !

Time of flight – principles (TOF)



Laser

Start !



Increasing MW

Ions in the time of flight (TOF)



Joe

Jack

William

Averell

Ions in the detector



Detector

Linear TOF

Flight tube

Ground

Time of flight m/z

U1       U2

Electric field : Ec= qU = 1/2 mV² Identical for all ions

(V=L/t  L : tube lenght)

 Simple relation t²= mL²/2qU = Constante x m/z

Light Corrections :

t²= Am² + Bm + C (A : initial desorption Ec
C : Extraction Delay )

=> Simple Quadratic equation

Ions analysis in linear mode



1 2
m 1 =m 2
E 1 <E 2

2

2

2

2

1

1
1

1

2nd detector

Reflectron

Reflectron TOF

Flight tubeSource

m/z

Reflectron : 2 effects on resolution :

- Increasing flight path (better separation of 
particles of different masses) (equivalent 3m 
flight tube)

- Focusing effet for particles with same mass

Ions analysis in reflectron mode



• What is the protein content of my biological sample? 
=> problem of identification 

• What is the abundance of my protein of interest? 
=> quantification problem

• Relative question: What are the protein abundance variations of 
the proteomes studied?

• What are the partners of my protein of interest?
• Are there any signature proteins related to a particular 

biological process?

=> biomarkers identifications and quantifications

Key questions in proteomics
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NH2- C- -C- -N- -C- -C- -N- -C- -C- -N--C CO2H
H H H H H H H

R4R3 OOR2R1 O

z1

c3b3a3c2b2a2c1b1a1

y1x1z2y2x2z3y3x3

N-Terminal

C-Terminal

MS/MS fragmentation for peptides

a H (NH-CHR-CO)-NH=CHR
+

H (NH-CHR-CO)-NH=CHR-C=O
+b

y H (NH-CHR-CO)-OH

+H



MS/MS fragmentation for peptides

DISSOCIATION INDUITE PAR COLLISION (CID)
HIGHER ENERGY COLLISIONAL DISSOCIATION (HCD)
ELECTRON TRANSFER DISSOCIATION (ETD)
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MS/MS spectrum of the precursor 1362.44 m/z



Alanine A, Ala 71.079

Arginine R, Arg 156.188

Asparagine N, Asn 114.104

Aspartic acid D, Asp 115.089

Cysteine C, Cys 103.145

Glutamine Q, Gln 128.131

Glutamic acid E, Glu 129.116

Glycine G, Gly 57.052

Histidine H, His 137.141

Isoleucine I, Ile 113.160

Leucine L, Leu 113.160

Lysine K, Lys 128.17

Methionine M, Met 131.199

Phenylalanine F, Phe 147.177

Proline P, Pro 97.117

Serine S, Ser 87.078

Threonine T, Thr 101.105

Tryptophan W, Trp 186.213

Tyrosine Y, Tyr 163.176

Valine V, Val 99.133



http://www.sepscience.com/Information/Archive/MS-Solutions/246-

MYGAV
User AA Formula 1: C2 H3 N1 O1
Elemental Composition: C24 H38 N5 O7 S1
MH+1(av) MH+1(mono)
540.6627 540.2486
[–] Main Sequence Ions

b y

--- 1 M 5 ---
295.1111 2 Y 4 409.2082
352.1326 3 G 3 246.1448
423.1697 4 A 2 189.1234
--- 5 V 1 118.0863

MS/MS spectra interpretation



Acids & 
amides

(E/D/Q/N)

Pyroglutamic acid (Q) -17.0306 Deamidation (Q/N) +0.9847

Carboxylation (E/D) +44.0098

Hydroxyl
groups
(S/T/Y)

Phosphorylation +79.9799 Sulphation +80.0642

Carbohydrates
(S/T/N)

Pentoses +132.1161 Deoxyhexoses +146.1430

Hexosamines +161.1577 Hexoses +162.1424

N-acetylhexosamines +203.1950 Sialic acid +291.2579

Current post-translational modifications (PTMs)

Sulphydryls
(C)

Disulphide 
bond

-2.0159 Oxidation +15.9994

Cysteinylation +119.1442 Glutathionylation +305.3117



Orbitrap mass spectrometers



MS and MS/MS spectra generation

Ion Routing 
Multipole

C-Trap

Ion Trap

HPC

LPC

MP0
Q1

Full OT MS scan

1st parent ion isolation in Q1

1st MS2 scan: CID in the Ion Trap

2nd parent ion isolation in Q1

Orbitrap

2nd MS2 scan: CID in the Ion Trap

Full OT MS scan

m/z

Full FTMS Scan
m/z

1st MS2 CID Scan

m/z

2nd MS2 CID Scan

Data Dependant Experiment: OTMS> CID ITMS2



DDA versus DIA



Data Independent Acquisition: DIA



Contribution of nano-HPLC



Peptides separation by nano-LC



Separation method Separation by:

Reversed phase Hydrophobicity

Ion exchange, 
IsoElectroFocusing (IEF)

Net charge, Isoelectric point

Size exclusion,  
SDS Gel Electrophoresis

Size, molecular weight

Affinity chromatography Specific functional groups

 It is impossible to resolve all species in a proteomics sample 
using only one separation method

 Multidimensional separation - two or more independent 
(“orthogonal”) separation techniques coupled together for the 
analysis of a single sample.

Peptides separation nano-LC
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Company Extension File type 
Agilent
Bruker .D (folder) Agilent MassHunter, Agilent ChemStation, or 

Bruker BAF/YEP/TDF data format 
Agilent/Bruker .YEP instrument data format 
Bruker .BAF instrument data format 
Bruker .FID instrument data format 

Bruker .TDF timsTOF instrument data format 

ABI/Sciex .WIFF instrument data format 
ABI/Sciex .t2d 4700 and 4800 file format 
Waters .PKL MassLynx peak list format 
Thermo
PerkinElmer .RAW* Thermo Xcalibur

PerkinElmer TurboMass 
Micromass**/Waters .RAW* (folder) Waters MassLynx 
Chromtech
Finnigan***
VG 

.DAT 
Finnigan ITDS file format; MAT95 instrument 
data format
MassLab data format 

Finnigan*** .MS ITS40 instrument data format 
Shimadzu .QGD GCMSSolution format 
Shimadzu .qgd instrument data format 
Shimadzu .lcd QQQ/QTOF instrument data format 
Shimadzu .spc library data format 
Bruker/Varian .SMS instrument data format 
Bruker/Varian .XMS instrument data format 
ION-TOF .itm raw measurement data 
ION-TOF .ita analysis data 
Physical Electronics/ULVAC-PHI .raw* raw measurement data 

Physical Electronics/ULVAC-PHI .tdc spectrum data 

Proprietary MS data formats



JCAMP-DX
This format was one of the earliest attempts to supply a standardized file format for data exchange in mass spectrometry. 
JCAMP-DX was initially developed for infrared spectrometry. JCAMP was officially released in 1988. JCAMP was found 
impractical for today's large MS data sets, but it is still used for exchanging moderate numbers of spectra. 
ANDI-MS or netCDF
The Analytical Data Interchange Format for Mass Spectrometry is a format for exchanging data. ANDI was initially 
developed for chromatography-MS data and therefore was not used in the proteomics gold rush where new formats 
based on XML were developed. 
mzData
mzData was the first attempt by the Proteomics Standards Initiative (PSI) from the Human Proteome Organization (HUPO) 
to create a standardized format for Mass Spectrometry data. This format is now deprecated, and replaced by mzML.
mzXML
mzXML is a XML (eXtensible Markup Language) based common file format for proteomics mass spectrometric data. This 
format was developed at the Seattle Proteome Center/Institute for Systems Biology while the HUPO-PSI was trying to 
specify the standardized mzData format, and is still in use in the proteomics community. 
mzML
As two formats (mzData and mzXML) for representing the same information is an undesirable state, a joint effort was set 
by HUPO-PSI, the SPC/ISB and instrument vendors to create a unified standard borrowing the best aspects of both mzData
and mzXML, and intended to replace them. The first specification was published in June 2008. This format was officially 
released at the 2008 American Society for Mass Spectrometry Meeting, and is since then relatively stable with very few 
updates. On 1 June 2009, mzML 1.1.0 was released. There are no planned further changes as of 2013. 

Open MS data formats



Saving data and servers



Search engine



Search engines and validation of peptides and 
proteins identifications



Expressed as Da or as ppm (10 ppm = 0,001%1 ppm = 0,0001%)

Critical importance of mass accuracy for database searches



A database search engine : Mascot





File name File content

Processed peak lists Heavily processed form of mass spectrometry data, usually derived from raw data files via 
various
(semi-) automatic steps, e.g.: centroiding, deisotoping and charge deconvolution. These files 
are formatted in plain text, with typical formats like dta, pkl, ms2 or mgf.

Search engine output 
files

These files contain the data and metadata generated by the software (called search engines) 
used for performing the identification and quantification of peptides and proteins. Each 
search engine has its own specific output file format. The outputs are typically formatted in 
either plain text or XML.
mzIdentML - provides a common format for the export of identification results from any 
search engine.
mzQuantML - provides a common format for the export of quantification results from any 
search engine.
mzTab - represents both identification and basic quantification results.
To allow a full representation of the processed results in the PRIDE database and in the PX 
tool, the search engine output files need to be converted to PRIDE XML. PRIDE Converter and 
PRIDE Converter 2 are the two tools developed by the PRIDE team to make this conversion 
possible.

Protein/peptide 
identifications

Proteomics mass spectra can be matched to peptides or proteins, resulting in identifications 
for those spectra. Typically a spectrum is considered to have been identified if the score 
attributed to a peptide or protein match qualifies against an a priori or a posteriori defined 
threshold. In the case of fragmentation spectra, the initial identification will consist of a 
peptide sequence; subsequent steps will derive a list of proteins from the identified peptides. 
The protein assembly step can be a discernible process with its own input and output files, or 
it can be implicit in the overall identification software.

Search engine output formats
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     Extracted from: E:\PPSF_FUSION\2014\week45\Hela-0-5ug_141104091722.raw   #48756   RT: 63.18
     ITMS, HCD@35.00, z=+2, Mono m/z=825.90680 Da, MH+=1650.80632 Da, Match Tol.=0.5 Da

Sequence: VIELFSVCTNEDPK, C8-Carbamidomethyl (57.02146 Da)
Charge: +2,   Monoisotopic m/z: 825.90680 Da (+0.95 mmu/+1.15 ppm),   MH+: 1650.80632 Da,   RT: 63.18 min,
Identified with: Sequest HT (v1.3); XCorr:4.48, Ions matched by search engine: 0/0
Fragment match tolerance used for search: 0.5 Da
Fragments used for search: b; b-H₂O; b-NH₃; y; y-H₂O; y-NH₃

Protein references (1): 
- Lymphokine-activated killer T-cell-originated protein kinase OS=Homo sapiens GN=PBK PE=1 SV=3 - [TOPK_HUMAN]

31700 MS/MS spectra interpreted!!!!



5448 identified proteins



History of standard identifications

Mass Spectometer HPLC Gradient Time 
(min) Column Species Mascot 

(Protein/Peptide)
Sequest

(Protein/Peptide)

Velos

EasynLC Proxeon 75 10 Saccharomyces cerevisae 972/3912 1111/4884

RSLC
120

25
Saccharomyces cerevisae 1234/5245 1402/5948

240 Saccharomyces cerevisae 1198/4583 1422/6072

EasynLC 1000
120

50

Saccharomyces cerevisae 1505/8317 1638/8339
Candida glabrata 1598/7097

240
Saccharomyces cerevisae 2135/7337

Candida albicans 2049/7676 2135/7337

Fusion EasynLC 1000 120 50
Saccharomyces cerevisae 2202/16726 2350/11897

Candida albicans

0

500

1000

1500

2000

2500

Saccharomyces

2010 2011 2012 2013 2014

Fusion



• What is the protein content of my biological sample? 
=> problem of identification 

• What is the abundance of my protein of interest? 
=> quantification problem

• Relative question: What are the protein abundance variations of 
the proteomes studied?

• What are the partners of my protein of interest?
• Are there any signature proteins related to a particular 

biological process?

=> biomarkers identifications and quantifications

Key questions in proteomics



• Relative quantification 
• Stable isotopes labelling 
• Label-free
• Metabolic labeling

• Absolute quantification

Quantitative proteomics



Quantitative proteomics



Quantitative proteomics in bottom-up

SILAC

Label-free

Label-free

Advantages/Limitations:

 Label-free:

Metabolic Labeling (SILAC, 14N/15N – 13C
labeling)

 Chemical labeling (TMT,ITRAQ)



Advantages/Limitations:

 Label-free:
- Simplicity
- Number of identifications
- Reproductibility between runs
- Number of samples to run

Quantitative proteomics: label-free

SILAC

Label-free

Label-free

Review for Label-free and yeasts: 
Leger et al. Methods Mol Biol (2016)



Quantification label-free  basée sur les intensités MS

Quantitative proteomics without labeling



Quantitative proteomics without labeling : results



Quantitative proteomics with labeling



Advantages/Limitations:

 SILAC:
- Multiplexing
- Reproductibility

- 2 peaks instead of 1 to analyze by the MS (for 2
samples)

- Less identifications
- Partial labeling
- Arginine/proline conversion (use of mutants)
- Trypsin exclusively

 14N/15N – 13C labeling:
- Multiplexing
- Reproductibility

- 2 peaks instead of 1 to analyze by the MS (for 2
samples)

- Less identifications and quantifications
- Partial labeling
- Variable mass shift between heavy and light forms

Quantitative proteomics: metabolic labeling

SILAC

Label-free

Label-free



SILAC approaches



Advantages/Limitations:

 Chemical labeling (TMT, ITRAQ)
- Multiplexing (until 11plex)
- Reproductibility
- Quantification in MS2 or MS3
- 1 peak instead of N (for N samples) to

analyse in MS
- Amount of materials for the peptide

labeling
- Need of resolution in MS2 for

quantifications
- Incomplete labeling
- Less identifications and quantifications

Quantitative proteomics: chemical labeling



Peptides Labeled Peptides

Full MS

One Signal6 Reporter Ions
m/zm/z

MS/MS

LC-MS/MS

HCD FRAGMENTATION

1 2

3 4

5 6

TMT labeling : principles



Quantitative proteomics in bottom-up

SILAC

Label-free

Label-free
Advantages/Limitations:
 Label-free:

- Simplicity
- Number of identifications
- Reproductibility between runs
- Number of samples to run

 SILAC:
- Multiplexing
- Reproductibility

- 2 peaks instead of 1 to analyze by the MS (2 samples)
- Less identifications
- Partial labeling
- Arginine/proline conversion (use of mutants)
- Trypsin exclusively

 14N/15N – 13C labeling:
- Multiplexing
- Reproductibility

- 2 peaks instead of 1 to analyze by the MS (2 samples)
- Less identifications and quantifications
- Partial labeling
- Variable mass shift between heavy and light forms

 Chemical labeling (TMT,ITRAQ)
- Multiplexing
- Reproductibility
- 1 peak instead of N to analyse in MS (N samples)
- Amount of materials for the peptide labeling
- Need of resolution in MS2 for quantifications
- Incomplete labeling
- Less identifications and quantifications

Metabolic 
labeling



Quantitative proteomics without labeling : export



Quantitative proteomics without labeling : export



File name File content
Protein/peptide quantifica
tion

Protein/peptide expression values can also be obtained from an MS--
based proteomics experiment and then this data and metadata is used 
for performing the quantification analysis of peptides and proteins.

Metadata A term used to describe data that provides additional information 
about a particular data set. This information can include how, when 
and where the data set was generated and what standards were used. 
In the proteomics context the addition of metadata such as peptide 
and protein identifications and quantification of their expression 
values gives meaning to a simple collection of mass spectra output 
files.

Quantification output formats



Targeted proteomics : PRM mode



Absolute quantification

Peptides AQUA 

PSAQ

QconCAT



• What is the protein content of my biological sample? 
=> problem of identification 

• What is the abundance of my protein of interest? 
=> quantification problem

• Relative question: What are the protein abundance variations of 
the proteomes studied?

• What are the partners of my protein of interest?
• Are there any signature proteins related to a particular 

biological process?

=> biomarkers identifications and quantifications

Key questions in proteomics



Co-immunoprecipitation

Ilektra Kouranti (HEGP)



• What is the protein content of my biological sample? 
=> problem of identification 

• What is the abundance of my protein of interest? 
=> quantification problem

• Relative question: What are the protein abundance variations of 
the proteomes studied?

• What are the partners of my protein of interest?
• Are there any signature proteins related to a particular 

biological process?

=> biomarkers identifications and quantifications

Key questions in proteomics



Biomarkers: applications to Duchenne dystrophy

• Death of DMD patients usually occurs ~ 30’s



● Serum : Mixture of proteins with different ranges of proteins concentration 
(from mg/ml to pg/ml)

● 99% of serum 
proteome = 20 major 
proteins

● 1% remaining = more than 
one thousand proteins

- Albumin : ~40 mg/ml (60% of serum proteome)

- C-reactive protein: ~1 µg/ml (40 000 times less than albumin)

- FGF-9 : ~400 pg/ml (100 000 000 times less than albumin)

Serum: a “tricky” fluid for Mass Spectrometry



● Antibody based column raised against the 12 most 
abundant proteins in serum

● Reduction of albumin by > 90%

Depletion of high abundance proteins gave us the 
highest number of identifications: selected for further 

analysis  

R&D Systems
Before After

Albumin

Serum

Serum: Depletion of high abundance proteins



Biomarkers: applications to Duchenne dystrophy



Rouillon, J., Zocevic, A., Poupiot, J., Amor, F., Léger, T., Garcia, C., Camadro, 
J.M., Wong, B., Cosette, J., ML Coenen-Stass, A., McClorey, G., C Roberts, T., JA 
Wood, M., Servais, L., Voit, T., Richard, I., Svinartchouk, F. (2015). Serum 
proteomic profiling reveals specific MYOM3 fragments as biomarkers of Duchenne 
muscular dystrophy with applications for the follow-up of gene therapy treatment in a 
mouse model of muscular dystrophies. – Human Mol. Genetics

Biomarqueurs: applications à la dystrophie de Duchenne

Jeremy Rouillon; Aleksandar Zocevic; Thibaut Léger; Camille Garcia; 
Jean-Michel Camadro; Bjarne Udd; Laurent Servais; Thomas Voit; 
Fedor Svinartchouk. (2014). Proteomics profiling of urine reveals specific 
titin fragments as biomarkers of Duchenne muscular dystrophy. 
Neuromuscular disorders.
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Why study PTMS?
• Cells can rapidly respond to 

stimuli and perturbations
• Important cellular mechanisms 

are tightly controlled
• Often, diseases (e.g. cancer) are 

due to aberrantly activated 
proteins

• Protein expression is much too slow 
for quick adaption

• PTMs are crucial regulator
• MS-based proteomics allows to 

analyze complex networks of post-
translationally modified proteins

http://www.omicsonline.org/ArchiveJPB/2010/April/03/JPB-03-113.php
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PTMs in vivo
• Phosphorylation (Ser, Thr, Tyr; +80 Da)

• Phosphorylation is one of the most important PTMs
• A key event in signaling
• Catalyzed by kinases/phosphatases

• Glycosylation (Asn, Ser, Thr) 
• marks proteins for degradation
• s for degradation

• Glycation (Asn, Ser, Thr) 
• marks proteins for degradation
• s for degradation

• Ubiquitination (Lys; +114 Da) 
• marks proteins for degradation

• Proteolytic cleavage
• Acetylation (N-termini and Lys +42 Da)

• often combined with removal of protein initial Met
104

Others: oxidations, methylations, 
sumoylations, glutathionylations…



Proteomics. 2009 Oct; 9(20): 4632–4641. 

PTMs characterization: techniques



Proteomics. 2009 Oct; 9(20): 4632–4641. 

Workflow for PTMs characterization
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Quantitative proteomics and phosphorylations

CONDITION 1:
Mast cells inactivated

CO-IP PY20

LC-MS/MS

Differential phosphorylated peptide and protein identification

CONDITION 1:
Mast cells activated (BC4)

CO-IP PY20

1 Hour

Trypsin digestion overnight
(phosphate buffer)

SDS-PAGE

Immunoaffinity





Proteolytic cleavages as PTMs

- Enzymes hydrolysant des liaisons entre acides aminés
- Classification des protéases : aspartate-, cystéine-, glutamate-, métallo-, 
sérine-, thréonine-, et les asparagine- protéases)
- Autres classifications 

109



Biological functions of proteases

Caspases et apoptose

- Protein turnover
- Misfolded proteins degradation
- Cell addressing
- Protein activation

 Deregulations associated to 
pathologic states

110

 Biological process regulations

 Various proteases

Model organism to study proteases
Vachova et al. 2007



- Activée par de nombreuses 
molécules dont la molécule 
de quorum-sensing
farnésol

- Pas d’informations sur la 
spécificité de clivage de ces 
substrats (coupures 
suspectées au niveau des 
résidus K et R )

- Un seul substrat caractérisé 
in vitro pour la métacaspase 
de S. cerevisiae (Gapdhp).

Mca1p activation and apoptosis release

111

Mazzoni et al. 2008



Terminomics



Jeux de donnée

Acide aminé

Recherche de la spécificité de clivage de Mca1p

Etude de spécificité autre que K ou R Etude de spécificité autre que D ou E

Etude de toute spécificité

Trypsine
K/R K/R

Semi-trypsine

K/R ?

ou? K/R

Trypsine

GluC
D/E D/E

Semi-GluC

D/E ?

ou? D/E

GluC

??
No-enzyme

Peptidomique native
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77 substrats potentiels de Mca1p (pour 62 protéines), dont 13 validés dans des 
conditions de sélection les plus drastiques

Substrats potentiels de Mca1p et protéines de réponse aux stress

114



Proteins

Peptides HPLC

Top – Down

Bottom – Up

The strategy is dependent of the sample complexity

Identification
Quantification

Search engine (Mascot, Sequest, Peaks, 
Maxquant, OMSSA, Prosight, Byonik)

MS acquisition
• MALDI TOF/TOF
• Orbitrap

(< 4000 Da)

(< 50000 Da in particular conditions)

PROTEASES

Proteomics workflows



TOP DOWN proteomics for PTMs characterization



Challenges in TOP-DOWN proteomics



Analysis in intact protein mode: human brain glycogen
phosphorylase

bGP AMP in ammonium acetate
194444.984 Da
bGP dimer

194603.766 Da
Dimer of bGP and 2 phosphorylations

bGP Phos in ammonium acetate

Crystal structure of human brain glycogen phosphorylase. Cécile Mathieu, Ines de la Sierra-Gallay, Romain Duval, Ximing Xu, Angélique Cocaign, Thibault Léger, Jean-Michel Camadro, Catherine Etchebest, Ahmed Haouz, 
Jean-Marie Dupret, Fernando Rodrigues-Lima. Under review.
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Analysis in intact protein mode



Emerging MS 
technologies



MS identification in 
Bacteriology (Biotyper)



Mass spectrometry imaging



Mass spectrometry imaging



Immunohistochemical validation



SPIDERMASS



Thanks for your
attention!!!

https://leres.ehesp.fr/


