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Course outline

• 1. Introduction

Introduction to protein analysis and proteomics; Reminders in mass spectrometry; Why proteomics and mass spectrometry?; Ionization 
sources, analysers, and detectors used in proteomics; Latest generation of mass spectrometers used in proteomics

• 2. Proteomic strategy and workflows

Bottom-up versus top-down strategies; Data-dependent acquisition (DDA) and data-independent acquisition (DIA) approaches; Sample
preparation

• 3. Separations techniques in proteomics

Gel electrophoresis; Isoelectric focusing; Liquid chromatography (RP, IEX)

• 4. Quantitative proteomic workflows

Label-free methods; Labelling-based techniques; Other quantitative techniques

• 5. Proteomic bioinformatics

Databases; Identification of protein; Quantification of proteins; Bioinformatics tools; Practical examples

• 6. Applications to biology and clinical research

What strategy?; Experimental design; Biomarker discovery; Industrialized and population proteomics; Forensics; Targeted mass 
spectrometry-based approaches; Other biological applications of mass spectrometry; Advanced innovations (single-cells, 4D 
proteomics, multi-omics) and emerging technologies; Limitations and ethical consideration; Lab visit
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Course outline
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• 6. Applications to biology and clinical research

What strategy?; Experimental design; Biomarker discovery; 
Industrialized and population proteomics; Forensics; Targeted mass 
spectrometry-based approaches; Other biological applications of mass 
spectrometry; Advanced innovations (single-cells, 4D proteomics, multi-
omics) and emerging technologies; Limitations and ethical 
consideration; Lab visit



6.1. What strategy?; Experimental design
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The path to the results

PreparationSample MS/MSData 

Acquisition

Database 
Search

Data 

Processing

QCs
Normalization

Data 
Treatment

StatisticsData Analysis

Biology

Validation
Data 

Interpretation

Wet Lab Dry Lab

- Plasma
- Other biofluids
- Tissues
- Cells
- Organelles
- …
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What do you want to get from your analysis?

“Ideal” 
samples 

Complex samples
(cells, tissues…)

Bio-fluids 
(plasma, CSF)

e.g., 400-600 proteins/plasma 
sample

3 hours/multiplexed sample 

Analysis time

3 hours

P
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o

m
e 
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100 
proteins

10’000 
proteins

1’000 
proteins

3 days 1 week

e.g., > 3’000 proteins/plasma sample
7 days/multiplexed sample

Bio-fluids 
(plasma, 

CSF)

e.g., > 2’000 proteins/plasma sample
3 days/multiplexed sample 

Bio-fluids 
(plasma, 

CSF)
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Number of proteins

Option 1: Large number of proteins (deep 
proteome coverage) 
 Long analysis time
 Low number of samples
 Discovery mode

Option 2: Large number of samples
(large sample-size)
 Short analysis time
 Low number of proteins
 Targeted mode

Our vision
 Controlled analysis time
 Controlled number of proteins
 Controlled number of samples
 Discovery mode

Large-Scale Proteome Profiling with MS
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A practical example: Plasma proteomics

Proteome Coverage

Low Sample Consumption

Quantitative Performance

Throughput

Low Cost

In body-fluids 
such as plasma

Classical workflows

Proposed workflow
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Experimental design: Important considerations

- What is the nature of the sample(s) you will analyze?

- Do you expect important protein changes between samples?

- Do you expect important variability between biological or technical replicates?

- How many replications will you performed?

- Do you need a standard or a sample for quality control?

- What workflow will be the more appropriate to answer your scientific questions?

- How will you analyze the data?

- ...
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Some sources of variability

To minimize biological variance, you need:

- Standardized collection protocols
- Appropriate samples (matched controls)
- Time of harvest/collection
- To consider potential batch effect (e.g., 

collection center, gender) and cope with it 
using proper randomization for instance

- …

Cominetti et al., J. Proteome Res., 2016, 15 (2), 389–399
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Some sources of variability

To minimize experimental variance, you need:

- To well choose your proteomic workflow
- To consider the influence of a change of 

operator
- To introduce standard and quality control 

checks
- To randomize your analyses (e.g., random 

labeling and MS sequence of analysis)
- …

TMT labels

1     2    3     4      5     6     7     8    9    10



6.2. Biomarker discovery; Population 
proteomics 

12DOI: 10.1186/gm364
Cominetti et al., J. Proteome Res., 2016, 15 (2), 389–399



https://obamawhitehouse.archives.gov

Clinical Proteomic Tumor Analysis Consortium (CPTAC)
https://proteomics.cancer.gov

Biomarkers and proteins (1)



• “Biological marker, medical sign that can be measured accurately and reproducibly.”

• “Any substance, structure, or process that can be measured in the body or its products and influence or 
predict the incidence of outcome or disease.”

• “A characteristic that is objectively measured and evaluated as an indicator of normal biological processes, 
pathogenic processes, or pharmacologic responses to a therapeutic intervention.”

• “Almost any measurement reflecting an interaction between a biological system and a potential hazard.” 
(WHO).

• “Objective, quantifiable characteristics of biological processes.”

Prognostic: clinical or biological characteristic that 
provides information on the likely course of the 
disease. Outcome of the patient. 

Therapeutic: generally a protein that could be used 

as target for a therapy. 
Diagnostic: allows (early) detection of a disease in a 
(non-invasive) way. Secondary prevention.

Predictive: allows predicting the response of the patient 
to a targeted therapy and so defining subpopulations of 
patients that are likely to benefit from a specific 
therapy.

Courtesy of O. Cominetti

Biomarkers and proteins (2)
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Biomarker discovery

Initial discovery

Proximal fluids, cell lines, 
tissues

Shotgun LC MS/MS 
proteomic profiling

Verification
Human plasma

Targeted LC MS/MS

Validation
Human plasma
Immunoassays

Phase Number of samplesNumber of analytes Samples and process

1000s

100s

10s

10s

100s

1000s

Adapted from Rifai et al., Nat. Biotechnol., 2006, 24, 971–983 
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Need of robust and automated workflows

Dayon et al., Methods Mol. Biol., 2017,1619, 433–449

- Reduction/alkylation/digestion
- TMT labeling
- Purification

Dayon et al., J. Proteome Res., 2014, 13 (8), 3837–45
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Analysis of plasma and cerebrospinal fluid

Dayon et al., J. Proteome Res., 2014, 13 (8), 3837–45

Núñez Galindo et al., Anal. Chem., 2015, 87(21), 10755–61

Lan et al., J. Proteome Res., 2018, 17 (4), 1426–1435

EDTA-plasma
100 

Heparin-plasma
92

Serum
85 

45 

38

357 

30 

Dayon et al., Methods Mol. Biol., 2017, 1619, 433–449
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Interested? A recent review you can have a look at



Nature Outlook, 26 July 
2018

https://www.gatesnotes.com/

Alzheimer disease and biomarker needs



• Clinical evaluation (cognitive testing by specialists)

• Imaging 

- MRI (brain atrophy)

- PET (Aβ load)

• CSF detection of Aβ peptide, tau and phosphorylated tau 

proteins

- ELISA

- Luminex

Jack et al., Lancet Neurol., 2013, 12 (2), 207–
216

The underlying pathology of AD seems to initiate 10 years or more prior to 
the diagnosis

Alzheimer disease and diagnostics 



• Identify novel biomarker profiles (diagnostic, prognostic and some with therapeutic potential) and 
nutritional concepts 

• Develop new “profiles” that identify high-risk populations and improve clinical trial design

Early detection in the preclinical stage of dementia is essential to identify 
those at risk and intervene with preventive therapies

• Still no drug can slow down the progression of AD

• Preventive therapies 

• Changes in lifestyle:
- Physical exercise
- Intellectual stimulation
- Healthy eating (e.g., Mediterranean diet)

AD and Nutrition 
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An example of a study in brain health research

 

 

P-tau181/Aβ1-42 

≤ 0.0779 (n = 78) 

P-tau181/Aβ1-42 

> 0.0779 (n = 42) 

[Aβ1-42] ≥ 

724 pg/mL 

(n = 73) 

[Aβ1-42] < 

724 pg/mL 

(n = 47) 

Age (years), mean (SD) 68.4 (8.3) 74.1 (5.6)* 68.1 (8.2) 73.9 (6.1)* 

Gender, No. (%) of Males 25 (32.05%) 18 (42.86%) 26 (35.62%) 17 (36.17%) 

Education years, mean (SD) 12.5 (2.7) 12.1 (2.4) 12.6 (2.7) 12.0 (2.5) 

MMSE scale, mean (SD) 27.8 (2.3) 25.2 (3.7)* 27.8 (2.2) 25.6 (3.8)* 

APOE ε4 carriers, No. (%) 
13 (16.67%) 24 (57.14%)* 10 (13.70%) 27 

(57.45%)* 

 
Dayon et al., J. Alzheimers Dis., 2017, 60(4);1641–1652

Popp et al., Brain Behav. Immun., 2017, 62, 203–211
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Dayon et al.,, 2018, DOI: 10.1021/acs.jproteome.8b00809

Study design
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Rationale and methodology

Lasso Logistic Regression 

ID clinical variables that 
best classify each outcome 

of interest 

(Reference model)

Lasso Logistic Regression 

ID clinical + candidate 
biomarkers that best classify 

each outcome of interest 

(Best model)

Compare Reference and Best
model 

ROC curves

Prediction accuracy

Sampling of blood is easily available, minimally invasive and repeatable

Endophenotype approach to define preclinical AD and cerebral amyloidosis based on well-accepted CSF
P-tau 181 and Aβ1-42

Identification of plasma-based protein biomarker candidates



https://en.wikipedia.org/wiki/Receiver_operating_characteristic

ROC curves Cases Controls

Sensitivity = TP/(TP+FN)
Specificity = TN/(TN+FP)

FPR = 1-specficity
FPR = FP/(TN+FP)

Controls

Cases

Percentage of FP

Percentage of TP

Test 1: 
measurement 
of protein A

Test 2: 
measurement 
of protein B

Test 3: 
measurement 

of protein C

Controls
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Plasma proteomic profiles of AD

P-tau 181/Aβ1-42 > 0.0779 (positive AD profile)

All subjects Cognitive impairment 

Dayon et al., J. Alzheimers Dis., 2017, 60(4);1641–1652
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All subjects

[Aβ1-42] < 724 pg/ml 
(positive profile of amyloid pathology)

[Aβ1-42] ≥ 724 pg/ml

Dayon et al., J. Alzheimers Dis., 2017, 60(4);1641–1652

Plasma proteomic profiles of amyloid pathology
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Summary

Dayon et al., J. Alzheimers Dis., 2017, 60(4);1641–1652

Replication using the same approach before further translation to 
clinical use…



Another example we can discuss…

29



6.3. Forensics

30

DOI: 10.1021/bk-2019-1339



Proteins are more stable than DNA 

31

Schroeter et al., J. Proteome Res. 2022, 21, 1, 9–19



Some specific examples 
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Identification of body fluids (specific combination of proteins; DNA do not reveal the type of tissue or 
fluid; biochemical tests or immunoassays can suffer limitations such as cross-reactivity, specificity, 
degradation) 
–> demonstrate the source of DNA (e.g., snake proteins in the blood (2-year-old Aleka Gonzales’ case))
–> Several tested at a time (blood, saliva, semen…) with characteristic peptides (MS-based multiplexed 
assays – e.g., predict path of a bullet)

“Temporal & environmental aspect” (changes over time) 
–> aging or life events such as pregnancy
–> age at death (e.g., fetuin A amount in buried bones)
–> after death, protein or their modifications may serve as “molecular timers”

When DNA is not in sufficient amount (e.g., hair shafts) or degraded (bone samples)
–> genetic information in the amino acid sequences of proteins
–> sex determination (e.g., amelogenin in teeth in archaeological context)
–> species determination

ACS Cent. Sci. 2021, 7, 10, 1595–1598
Forensic Science International: Genetics 54 (2021) 102529

N.B: in MS-based proteomics, often the 
lack of detection cannot be taken as 
evidence of absence



6.4. Targeted mass spectrometry-based 
approaches

33DOI:10.1038/nmeth.2285



Why targeted MS?

34



Selected reaction monitoring (SRM) and parallel 
reaction monitoring (PRM)

35DOI: 10.1074/mcp.M116.061143
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Enrichment strategies to increase sensitivity and 
specificity of analyte detection in SID-MRM-MS

DOI:10.1038/nmeth.2309



37

Untargeted MS approaches with targeted data 
analysis

doi:10.1038/nprot.2017.040
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Targeted sample preparation with untargeted 
MS approaches 

Phosphorylation Acetylation

Wang, Mauvoisin et al., Cell Metab.
2017, 25(1), 102–117. 

Mauvoisin et al., Cell Reports
2017, 20 (7), 1729–1743

Courtesy of A. Núñez Galindo 
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An example of study about circadian clock

Courtesy of A. Núñez Galindo 

• Perturbation of the circadian clock can 
lead to diverse pathologies:

• Sleep disorders
• Depressive disorders
• Cardiovascular diseases
• Metabolic syndrome – Type 2 Diabetes
• Increase tumour progression
• Aging

Shift work (15-20% of the working 
population) has been recently selected as a 
risk factor for the development of cancer by 
the WHO.
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Full circadian proteome

Courtesy of A. Núñez Galindo 

Phospho-proteins 

Secreted proteins 

Acetylated proteins 

Glycoproteins
Mostly➔

4016 proteins quantified (in at least 8/16 HL ratios)

Day1 Day2

p
ro

te
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s 
   

   
   

   

time

2
4
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s

5827 proteins identified

▪ Most work done uses genomic approaches 

▪ Proteome-wide study of rhythmicity

DOI: 10.1073/pnas.1314066111
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Circadian phosphoproteome

Courtesy of A. Núñez Galindo 41

Almost 5000 phosphopeptides identified

1448 quantified (in at least 8/16 HL ratios)

113 phosphoproteins presented rhythmicity

41

Corresponding rhythmicity Non Corresponding rhythmicity

DOI: https://doi.org/10.1016/j.cmet.2016.10.003



6.5. Other biological applications of mass 
spectrometry

42

DOI:10.4172/jcsb.1000082
https://doi.org/10.1161/CIRCGENETICS.114.000550



Mass spectrometry-based metabolomics (1)

43https://doi.org/10.1080/19440049.2015.1084539



Mass spectrometry-based metabolomics (2)

44DOI: 10.1373/clinchem.2007.089011
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https://doi.org/10.1016/j.bbalip.2017.02.008

Mass spectrometry-based lipidomics (1)

https://doi.org/10.1161/CIRCGENETICS.114.000550



https://doi.org/10.1161/CIRCGENETICS.114.000550 46

Mass spectrometry-based lipidomics (2)



6.6. Advanced innovations (single-cells, 4D 
proteomics, multi-omics) and emerging 
technologies

47

https://web.northeastern.edu/slavovlab/blog/single-cell-proteomics/

Molecular & Cellular Proteomics 2018 172534-2545DOI: (10.1074/mcp.TIR118.000900) 

https://doi.org/10.1016/j.mcpro.2023.100561
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https://web.northeastern.edu/slavovlab/blog/singl
e-cell-proteomics/

Single-cell proteomics

https://doi.org/10.1038/s41592-025-02620-7 ▪ Sensitivity challenge

▪ Sample preparation

▪ Use of isobaric labelling
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Molecular & Cellular Proteomics 2018 172534-
2545DOI: (10.1074/mcp.TIR118.000900) 

Ion-mobility separation (IMS)… another dimension 
to proteome analysis

▪ 4D proteomics

https://www.bruker.com/fr/applications/academ
ia-life-science/proteomics/4d-proteomics.html
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https://doi.org/10.1080/14789450.2025.2491357
https://doi.org/10.1016/j.mcpro.2023.100561

Multi-omics



6.7. Opportunities, limitations and ethical 
consideration

51

Unbiased nature and increasing power of 
MS-based proteomics has increased not 
only the overall amount but also the
proportion of particularly ethically sensitive 
data

Individuals can be identified by protein 
levels in blood plasma; Individuals can be 
Identified by allelic Information

Untargeted plasma proteomics delivers 
incidental diagnostic findings; Untargeted 
plasma proteomics delivers personally 
sensitive findings

Numerous opportunities, but also 
responsibilities, including data privacy, 
consent, and sharing, that must be fulfilledhttps://doi.org/10.1016/j.mcpro.2

021.100046

https://doi.org/10.1074/mcp.RA120.002359

This Photo by Unknown Author is licensed under CC BY-NC-
ND

https://rebelem.com/lessons-learned-and-take-home-messages-from-dassmacc-day-2/
https://creativecommons.org/licenses/by-nc-nd/3.0/
https://creativecommons.org/licenses/by-nc-nd/3.0/
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Summary

• Wide ranges of biological and clinical applications as shown here!

• Proteomics is also used for quality control and safety (e.g., biosimilars, food matrices…) 

Finished! Well done!

Any Remaining Questions?
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