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Mass Spectrometry of Proteins (Biomolecules) 



Biomolecules 

 Proteins, glycoproteins, phospoproteins, 
other PTM 

 
 Polysacharides, glycans 

 
 Nucleic Acids, Oligonucleotides 

 

Soft ionization techniques: 

MALDI 
ESI 



Proteins 
 What can MS tell about proteins? 

 
 Intact mass - MS 
 Confirmation of right molecular weight 

 Quality control of purified proteins, recombinant proteins, synthetic peptides 
 Analysis of modification 

 

 Fragmentation of ions – MS/MS 
 Identification of proteins  

 Intact protein molecule – N-term and C-term sequencing 
o In source decay – MALDI-TOF 

 Protein digestion – separation of peptides on NanoLC – tandem MS of peptides – search 
against selected database 

 Quantitation 
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Identification of protein by Tandem MS 
 
 

 Gel  
 
 
 
 
 

 Protein(s) 
   in solution 



 Sample preparation 
 Compatible with enzymatic digestion, LC separation and ESI (the most intolerant 

step – no detergent, very low salt concentration) 
 Reduction and alkylation of -S-S- 
 Basic buffer - generaly 

 Digestion 
 Enzymatic – Trypsin, Chymotrypsin, AspN, GluC, LysC 
 Desalting off-line and on-line 
 Optimal final buffer – 0,1 % Formic acid  

 LC-MS/MS 
 Nano LC – 300 nl/min, gradient 20 min – 3 hours (depends on sample complexity) 
 MS/MS – data dependent acquisition 

 Database search 
 Appropriate search engine and right database! 
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MSMS scoring function 
The comparison of theoretical and experimental MS/MS spectra is performed by 
scoring function and the score (ideally complemented by p-value) is used to 
recognize the correct peptide from the database. Reliable peptide identification 
can be then considered for protein identification.  

Match of an experimental spectrum with a 
peptide sequence 
 

•Intense peaks should match 
•As many as possible peaks should 
match 
•Series of contiguous matches 
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MSMS scoring function 

 Correlation function – Sequest 
 Shared fragment count and dot blot 

 MASCOT, TANDEM, OMSSA 
 Empirically observed rules – SpectrumMill 
 Statistically derived fragmentation frequencies – Phenyx 
 sequence tag algorithm, allowing the degree of implication by an MS/MS spectrum 

of each region of a database to be determined on a continuum – Paragon (Protein 
Pilot) 
 

Score  - dependent on the search engine 
E-value  - statistical expectation value  
•expected number of peptides with score better or equal than observed score undre the 
assumption that peptides are matching the experimental spectrum by random chance 
•Invariant under different scoring methods, clearer interpretation of goodness of match 
 

Neither the best match nor a high search score (or low E-value) are reliable indicators of 
true match – discriminating true from false is critical step 



Modification  
 Fixed modification 
 Cystein alkylation by Iodoacetamide - +57mu 

 Variable 
 Met oxidation  
 Pyroglutamate 
 Phophorylation 

The more modification allowed the more time and space taken to for search 



Statistical assessment of peptide assignments 
in large-scale datasets 

 discriminating true from false 
 Probabilistic approaches that provide statistical measure of 

confidences and estimates of error rates 



2. Empirical bayes approach 
Peptide prophet 
• Two component mixture of 

distributions representing 
correct and incorrect 
identification  

1. Target-decoy searching 
 Spectra searched against 

decoy database (database 
augmented with reverse, or 
randomized or shuffled 
sequence of the same db) 

 FDR cut off 
 False discovery rate – e.g. 5% 

- 
 double the searching time, 
 is the random sequence really 

random? 

Can be combined together 





Protein identification  

 Combination of peptide ID 
 Score = sum of the highest score for each peptide 

(standard) 
 Sources of errors 
 peptides shared by several proteins 
 Homologous proteins 
 Splice variants 
 Redundant entries in the db 

 correct peptides tend to group into a relatively small 
number of proteins – e.g. human serum 
 Dominant peptides from few proteins only 
 Incorrect spectral identification match randomly to the much larger 

number of proteins – increase in FDR on protein level 
 



Parsimony principle (Occam’s razor) 
 Determining the smallest number of proteins that can account 

for all observed peptides 

• Scoring functions 
– Bayes rule-based – Protein Prophet 

• Concept of number of sibling peptides 
– Poisson distribution-based statistics 

• Protein length, model of protein abundance etc. 



(Jensen O.N., Curr. Opin. Chem. Biol., 2004, 8, 33-41, PMID: 15036154).  

Proteome complexity 
Example: human 

Not predictable at the 
genome level ! 

may be 21’000 



UniProt databases 



TrEMBL 

EMBL DNAdb 

Automated extraction 
of  protein sequence 

(translated CDS), gene 
name and references.+ 
Automated annotation 

Manual annotation of 
the sequence and 

associated  biological 
information  

Swiss-Prot 



How to understand the results? 

Protein ID from gel band  
1D ELFO 





 



Protein ID from complex protein mixture – human tissue 





Request for MS Proteomic Analysis 
Request for MS Proteomic Analysis 
Date accepted   
From 
e-mail or phone # 

  

Team code   

    

Sample description 
Sample name(s) 
  

  

Sample type                        Liquid    ☐                     Gel   ☐ Solid     ☐ 

buffer   stai
nin
g 

    

volume (µl)   

Estimated total amount of 
proteins (µg and/or pmol) 

  Based on 
eg. BCA, Lowry, Bradford 

  

Biological source (organism)   

Other relevant information 
eg. handling, storage 

  

    

Analysis    

Request specification 
eg. identification of one or all 
protein(s) 

  

Protein sequence  
(if known)  

  

Database requested   
Additional information 
eg. return or storage request, 
proposed digestion enzyme, 
proposed measurement queue 

  

    



Proteomic team  
 Jana Horáková 
 Karel Rucker 



10.1074/mcp.M600068-MCP200  



Mass Accuracy and peptide frequency 
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APLDNDIGVSEATR (Beta-galaktosidáza) 
MS 
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