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1. Proteomics and mass spectrometry

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. Mass spectrometry-based proteomic strategy and workflows

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

Lab visit of the Proteomics Laboratory at Nestlé Research (EPFL Innovation Park)

3. Quantitative proteomic workflows

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

4. Proteomic bioinformatics

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

5. Applications to biology, clinical research, and beyond

What strategy?; Experimental design & randomization; 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

Additional support/information on Separations techniques in proteomics
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• 4. Proteomic bioinformatics

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



4.1. Databases
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Sequence database Web site

DDBJ http://www.ddbj.nig.ac.jp

GeneCards http://bioinfo.weizmann.ac.il/cards/

InterPro http://www.ebi.ac.uk/interpro/

NCBI http://www.ncbi.nlm.nih.gov

nr http://www.ncbi.nlm.nih.gov/BLAST/

OWL http://www.bioinf.man.ac.uk/dbbrowser/OWL

PIR http://pir.georgetown.edu

PRF http://www.genome.ad.jp/htbin/www_bfind?prf

UniProt http://www.uniprot.org

SYSTERS http://systers.molgen.mpg.de

DOI:  10.1002/0471142727.mb1904s68

http://www.ddbj.nig.ac.jp/
http://bioinfo.weizmann.ac.il/cards/
http://www.ebi.ac.uk/interpro/
http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/BLAST/
http://www.bioinf.man.ac.uk/dbbrowser/OWL
http://pir.georgetown.edu/
http://www.genome.ad.jp/htbin/www_bfind?prf
http://www.uniprot.org/
http://systers.molgen.mpg.de/
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UniProtKB
The UniProt Knowledgebase (UniProtKB) is the central hub for the collection of functional information on proteins, 
with accurate, consistent and rich annotation. In addition to capturing the core data mandatory for each UniProtKB 
entry (mainly, the amino acid sequence, protein name or description, taxonomic data and citation information), as 
much annotation information as possible is added.
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Information available at UniProtKB

http://www.uniprot.org/uniprot/Q99497

http://www.uniprot.org/uniprot/Q99497
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FASTA files (download from the database)
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Example of FASTA files

In bioinformatics, FASTA format is a text-based format for representing 
either nucleotide sequences or peptide sequences, in which 
nucleotides or amino acids are represented using single-letter codes.



4.2. Identification of protein
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Name Type Description
Andromeda 

(part of 
MaxQuant)

freeware
Andromeda is a peptide search engine based on probabilistic scoring. On proteome data, Andromeda performs as well as Mascot, a widely used commercial search engine, as judged by sensitivity and specificity 

analysis based on target decoy searches. It can handle data with arbitrarily high fragment mass accuracy, it is able to assign and score complex patterns of post-translational modifications, such as highly 
phosphorylated peptides, and accommodates extremely large databases.

Byonic proprietary Database search algorithm released in 2011 by Protein Metrics Inc. with original developments at PARC that searches MS/MS data from all types of instruments and internally employs the program Combyne,which 
combines peptide identifications to produce protein scores and identification probabilities.

Comet open source Database search algorithm developed at the University of Washington available for Windows and Linux. Note that Comet is just a single command line binary that does MS/MS database search. It takes in spectra in 
some supported input format and writes out .pep.xml, .pin.xml, .sqt and/or .out files. You will need some other support tool(s) to actually make use of Comet results (A GUI for Windows only is available).

Mascot proprietary Performs mass spectrometry data analysis through a statistical evaluation of matches between observed and projected peptide fragments.

OMSSA freeware The Open Mass Spectrometry Search Algorithm (OMSSA) is an efficient search engine for identifying MS/MS peptide spectra by searching libraries of known protein sequences. OMSSA scores significant hits with a 
probability score developed using classical hypothesis testing, the same statistical method used in BLAST. It is developed at the National Center for Biotechnology Information.

ProteinPilot 
Software

proprietary
Uses Paragon database search algorithm that combines the generation of short sequence tags (‘taglets’) for computation of sequence temperature values and estimates of feature probabilities to enable the 

peptide identification considering hundreds of modifications, non-tryptic cleavages and amino acid substitutions. Uses the Pro Group Algorithm for protein inference analysis to report the minimal set of proteins 
justified based on the peptide evidence. Supports quantification for label-based workflows (iTRAQ reagents, mTRAQ reagents and SILAC labeling). A translation layer translates user interface controls in the 

language of the proteomics experimental scientist to underlying complex informatics parameters.

Protein 
Prospector

open source Protein Prospector is a package of about twenty proteomic analysis tools developed at the University of California San Francisco. The tandem mass spectrometry searching software is Batch-Tag / Batch-Tag Web, 
with the results processed and displayed using Search Compare. It uses scoring systems tailored to instrument and fragmentation mode to optimize analysis of different types of fragmentation data.

SEQUEST proprietary Identifies collections of tandem mass spectra to peptide sequences that have been generated from databases of protein sequences.

X!Tandem open source Matches tandem mass spectra with peptide sequences.

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

Search Engine
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Conversion of mass spectra into peak lists (1)

MS raw files

Conversion tool
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Conversion of mass spectra into peak lists (2)
Conversion tool

… …

Peak list
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A common search software: Mascot

http://www.matrixscience.com/cgi/search
_form.pl?FORMVER=2&SEARCH=MIS

http://www.matrixscience.com/cgi/search_form.pl?FORMVER=2&SEARCH=MIS
http://www.matrixscience.com/cgi/search_form.pl?FORMVER=2&SEARCH=MIS
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Mascot search results (1)
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Mascot search results (2)
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Mascot search results (3)
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Validation and false discovery rate (FDR)

http://www.bioinfor.com/fdr-tutorial/

PSM refers to peptide-spectrum match

PSMs are sorted by their scores

FDR, is defined to be the ratio between the false PSMs 
and the total number of PSMs above the score 
threshold

Estimating FDR with the Target-Decoy Method

In this method, the software is used to search the 
concatenation of a target database and a decoy database 
with the same size. If the decoy is constructed properly, the 
software’s false identifications will be evenly distributed in 
the target and decoy databases. Since all the decoy 
identifications are false, FDR can be estimated by FDR = (# 
Decoy Hits) / (# target hits)



Q1: Exercise
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http://www.matrixscience.com/cgi/search_form.pl?FORMVER=2&SEARCH=MISHere you will find the search engine:

Here you have the peak list (i.e., mgf file) (also on the Moodle):

Let’s try a database search!

http://proteomecentral.proteomexchange.org/cgi/GetDatasetYou can try with more data available at:

http://www.matrixscience.com/cgi/search_form.pl?FORMVER=2&SEARCH=MIS
http://proteomecentral.proteomexchange.org/cgi/GetDataset


4.3. Quantification of proteins
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http://www.antarcticglaciers.org



Figures of merit and useful metrics
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Fold change (FC)

Standard deviation (SD)

Coefficient of variation (CV%)

Average

Median

Mode

http://herdingcats.typepad.com



An example of relative quantification from 
isobaric tagging data

20

NORM 
i126.1

NORM 
i127.1

NORM 
i128.1

NORM 
i129.1

NORM 
i130.1

NORM 
i131.1

Norm 
i126.1/SUM

Norm 
i127.1/SUM

Norm 
i128.1/SUM

Norm 
i129.1/SUM

Norm 
i130.1/SUM

Norm 
i131.1/SUMAC Description Score #valid pept % Cov sequence

Q16270
Insulin-like growth factor-binding 

protein 7 precursor 15.7 3 3% RGHYGVQR 8 695.13 9 675.97 6 606.49 8 740.77 9 448.77 9 806.96 0.16 0.18 0.12 0.17 0.18 0.19

Q16270 RGHYGVQR 7 792.05 8 225.70 5 312.67 7 928.39 7 951.24 8 620.03 0.17 0.18 0.12 0.17 0.17 0.19

Q16270 GHYGVQR 7 922.98 8 977.85 8 627.91 9 517.74 9 157.37 10 038.93 0.15 0.17 0.16 0.18 0.17 0.19

AVG 0.16 0.18 0.13 0.17 0.17 0.19

STD 0.01 0.01 0.02 0.01 0.00 0.00

% STD 7.80 5.19 17.11 3.20 2.75 0.93

DOI: 10.1021/ac702422x



Quantitative
protein report (FC)
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# peptides for 

quantificationAC ID Description Score #valid pept seq #valid pept #pept % Cov
Ratio 

PM/AM

P01024 CO3_HUMAN Complement C3 precursor 199.1 22 59 69 11% 58 1.48

P0C0L4 CO4A_HUMAN Complement C4-A precursor 133.0 15 44 49 9% 34 1.24

(or Complement C4-B precursor, CO4B_HUMAN, P0C0L5)

P02763 A1AG1_HUMAN Alpha-1-acid glycoprotein 1 precursor 117.1 13 43 53 23% 29 4.35

P41222 PTGDS_HUMAN Prostaglandin-H2 D-isomerase precursor 105.0 12 64 68 39% 51 0.34

P00450 CERU_HUMAN Ceruloplasmin precursor 81.0 9 21 23 7% 21 1.55

P02790 HEMO_HUMAN Hemopexin precursor 74.0 9 26 33 15% 24 1.05

P05067 A4_HUMAN Amyloid beta A4 protein precursor 67.9 8 25 30 9% 22 0.54

P19652 A1AG2_HUMAN Alpha-1-acid glycoprotein 2 precursor 65.8 8 24 30 20% 20 2.83

P02766 TTHY_HUMAN Transthyretin precursor 64.7 7 13 15 25% 9 0.74

P01023 A2MG_HUMAN Alpha-2-macroglobulin precursor 60.1 7 13 18 5% 13 1.02

Q14515 SPRL1_HUMAN SPARC-like protein 1 precursor 52.4 7 9 13 11% 8 0.60

P00918 CAH2_HUMAN Carbonic anhydrase 2 49.2 5 29 30 16% 29 17.80

Q13822 ENPP2_HUMAN Ectonucleotide pyrophosphatase/phosphodiesterase family member 2 precursor 47.5 6 10 13 6% 7 0.81

P01034 CYTC_HUMAN Cystatin-C precursor 42.3 5 10 11 38% 10 0.88

P15311 EZRI_HUMAN Ezrin 41.7 5 12 15 8% 11 5.08

P00751 CFAB_HUMAN Complement factor B precursor 41.4 5 9 13 7% 8 1.63

P02774 VTDB_HUMAN Vitamin D-binding protein precursor 41.0 5 11 15 8% 8 1.24

P02751 FINC_HUMAN Fibronectin precursor 40.6 5 7 9 2% 6 0.59

P51693 APLP1_HUMAN Amyloid-like protein 1 precursor 37.9 4 14 16 7% 14 0.85

P05060 SCG1_HUMAN Secretogranin-1 precursor 37.0 4 14 16 7% 14 0.24

P06396 GELS_HUMAN Gelsolin precursor 36.3 4 10 15 5% 10 1.11

P68032 ACTC_HUMAN Actin, alpha cardiac muscle 1 32.1 3 6 6 9% 5 10.41

(or Actin, alpha skeletal muscle, ACTS_HUMAN, P68133)

P02671 FIBA_HUMAN Fibrinogen alpha chain precursor 30.9 4 6 12 6% 6 7.02

Q6NR85 Q6NR85_HUMAN Superoxide dismutase [Cu-Zn] 30.2 3 30 32 12% 30 6.20

DOI: 10.1021/ac702422x



https://expasy.org/

4.4. Bioinformatics tools
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https://expasy.org/
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Q2: Let’s play with few bioinformatic tools 

https://www.uniprot.org/uniprot/Q99497

Give the pI and MW of protein/nucleic acid deglycase DJ-1

Give the peptide sequences and masses after digestion with trypsin 

https://www.uniprot.org/uniprot/Q99497


24https://www.uniprot.org/uploadlists/

Other useful tools: Retrieve/ID mapping



25

Other useful tools: Blast

https://www.uniprot.org/blast/



4.5. Practical examples 
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DOI: 10.1021/acs.jproteome.7b00788

Compare proteomes

Assess reproducibility

Evaluate technical performances

Decipher differences
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Summary

• In proteomics, bioinformatics is a key pillar to process the large MS datasets comprising tens of 
thousands of spectra and tandem mass spectra

• Bioinformatic tools enable to identify peptides/proteins and quantify them

• Additional bioinformatics will be needed to analyze data in-depth and interpret the results. 
Examples will be given in the next chapter

• Next, let’s see some examples of projects where we apply mass spectrometry and proteomics…
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