
Introduction to Proteomics



Proteomics vs 
Genomics

Same genome
but different 
proteome



Proteomics: definition

άtǊƻǘŜƻƳƛŎǎ ƛǎ ǘƘŜ ǎŎƛŜƴŎŜ ǘƘŀǘ ŀƴŀƭȅȊŜǎ ǘƘŜ ŜƴǘƛǊŜ ǇǊƻǘŜƛƴ 
complement in a given cell, tissue or organism. Proteomics also 
assesses activities, structure, orientation, modifications, localization 
ŀƴŘ ƛƴǘŜǊŀŎǘƛƻƴ ƻŦ ǇǊƻǘŜƛƴǎ ƛƴ ŎƻƳǇƭŜȄŜǎΦέ 



Omics techniques

Genomics

DNA RNA

Transcriptomics Proteomics Metabolomics

Proteins Metabolites

Grade of complexity

Mostly unknown                                                                        Mostly known



Omics techniques

Proteomicsand Metabolomicsare 
important in disease diagnostics and in 

characterization and screening of 
organisms. Moreover, both are 

connected in many aspects of cell 
biology, especially in cell signalling, 

protein degradation and generation and 
post-translational modification



Proteomics vs Genomics. Why proteomics?
ÅGenomics is the study of the entire set of genes in the genome of a cell, and proteomics is the 

study of the entire set of proteins produced by the cell. Genomics has been instrumental in 
helping scientists and researchers understand the link between diseases and genes, while 
Proteomics can do the same, but at the level of the protein

ÅProteomics can reveal how genes are expressed

ÅProteomics allows a researcher to study protein modifications due to toxic treatment and more 
importantly allows identification of toxicant-protein adducts

ÅResearchers can detect more protein targets than Genomics, which leads to highly effective 
clinical trials and biomarker studies. 

ÅProteomics identifies novel biomarkers to help diagnose and fight diseases. These biomarker 
studies provide deeper insights into the biological characteristics that drive the clinical 
behavior of diseases such as cancer.
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Top-down vs Bottom-up proteomics

Top-down proteomics
Analysis of intact proteins by Mass 

Spectrometry 

V Simpler sample preparation (no digestion is 
required)

V Comprehensive sequence information for the 
whole protein by detecting all types of PTMs 
(e.g. phosphorylation, proteolysis, acetylation) 
and sequence variants (e.g. mutations, 
polymorphisms, alternatively spliced isoforms) 
simultaneously in one spectrum (a "bird's eye 
ǾƛŜǿέύ ǿƛǘƘƻǳǘ ŀ ǇǊƛƻǊƛ ƪƴƻǿƭŜŘƎŜ

Bottom-up (Shotgun) 
proteomics

Intact proteins are digested into peptides 
prior to introduction into the mass 

spectrometer where they are then detected 
and fragmented

V Protein digestion into peptides
V Peptides are more easily separated by reversed-phase 

liquid chromatography (RPLC)
V Peptides ionize well, and fragment in a more predictable 

manner
X   The information about the intact size of

proteins is lost because of the digestion
process.

X  The potential modifications of proteins can be hard to
detect and often require specific sample preparation and
analysis



Challenges of Top-down proteomics



Targeted and untargeted proteomics

Targeted 
proteomics

×Determination of the presence and
quantity of a particularprotein or peptide
in complexmixtureof proteins.

Untargeted 
proteomics

×Quantitative and qualitative study of
proteins present in a sampleor samples
without targetinga particularprotein



Example of a shotgun untargeted proteomics workflow

Sample(s)
Proteins 

extraction

Proteins
Reduction, 
alkylation & 
digestion

Peptides

Purification

Injection in the LC-MS platform

MS/MS 
analysis

Bioinformatic 
analysis



Sample preparation

Fresh/Frozen 
samples (FF) 

Formalin Fixed 
Paraffin Embedded 
samples (FFPE)

VEasier extraction process (no antigen 
retrieval step needed)
VHigher number of extracted proteins
X   Expensive to store and to transport
X   Less practical and versatile
X   Always in ice and with a protease inhibitor

VEasier to store and to transport (RT)
VMore versatile (retrospective and 

multiple analysis from archive material)
X  Less proteins available (cross linking)
X  Deparaffinization and AR steps needed
X  High temperature needed

Å Always work under a fume hood (protein contamination)
Å Never (ever)touch anything without gloves



Sample preparation 

Proteins Extraction 

VUrea buffer
VDetergents (Zwittergent, NP40, SDS, 

Triton-X)
VRIPA buffer
VRapigest

Buffer to help protein denaturationand
solubilizationduringcellandtissuelysis

BCA or Bradford Assay 
(careful with the compatibility to the 

buffers!!!)



Sample preparation 

ÅReduction (DTT, TCEP)

Å Alkylation (IAA)

Å Digestion

Trypsin
R2

Alternatives to trypsin: chymotrypsin, LysC, 
LysN, AspN, GluC, ArgCΧ

Purification &
Concentration

Injection in the LC-
MS/MS system



Mass Spectrometers 



MS/MS analysis (Q-Orbitrap) 

Liquid chromatography

Ionization 
source (SOFT) 
usually ESI or 

APCI

+
+

+

+

+

+
++

+
+

++

+

+

+

+

+

+
+

MS1 (Precursor ions)

Quadrupole (m/z separation)

MS2 (Product ions)

++
+

+

+

+
++
++

++

+

+
+

+

+
+

+
++
+

+

+

+
++
++

++

+

+
+

+

+
+

+

++
+

+

+

+
++
++

++

+

+
+

+

+
+

+

++
+

+

+

+
++
++

++

+

+
+

+

+
+

+
++
+

+

+

+
++
++

++

+

+
+

+

+
+

+

Collision cell. 
HCD 

fragmentation

Detector

MS/MS spectra



Bioinformatic analysis (1)

Software 

Max Quant + Perseus

Proteome Discoverer 
(ThermoFisher)

Analysis according 
the match with a 
spectral library

Initial Protein List

VRemoving contaminants, proteins identified by site, matching the reverse database
VNormalization and Log 2 transformation (for ion intensities)
VFiltering columns and rows according to valid values (+ or ςstringent)
VStatistical analysis to compare proteins expression between 2 or more groups (p value)
VMultiple test correction to keep the overall error rate (or false positive rate) to less than or equal to the user-

specified p-value cutoff or error rate.

Final Protein List!!
TyanovaS, Cox J. Perseus: a bioinformatics platform for 
integrative analysis
of proteomics data in cancer research. Methods Mol Biol. 
(2018) 1711:133ς
48. doi: 10.1007/978-1-4939-7493-1_7

- Volcano plot

- PCA

- Heatmap



Bioinformatic analysis (2)
Classification system http://www.pantherdb.org/



Bioinformatic analysis (2)
Classification system http://www.pantherdb.org/

You can also classify by 
molecular function, protein 
ŎƭŀǎǎΣ ŎŜƭƭǳƭŀǊ ŎƻƳǇƻƴŜƴǘΧ



Bioinformatic analysis (3)
Functional protein association (known 

and predicted)

https://string-db.org/



Bioinformatic analysis (3)
Functional protein association (known 

and predicted)

https://string-db.org/
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