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Request for MS Proteomic Analysis 



Biomolecules 
Soft ionization techniques necessary 

MALDI 
ESI 

Proteins 
• Identification – follow this presentation 

• Characterisation - different presentation 

• Quantification - different presentation 



Identification of proteins by Tandem MS 
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Sample preparation 

First question to be asked: 
 Is my Sample Buffer compatible with 

• Enzymatic digestion ? 
• LC separation ? 
• nanospray (the most intolerant step – no detergent, very low salt 

concentration) ? 

 
Answer: YES Answer: NO 

Proceed with general digestion procedure Can we find a way how to make it work? 



• Disolve in basic pH buffer (ammonium bicarbonate pH 8) 
• Reduction of SS by Dithiothreitol 
• Alkylation by Iodoacetamide 
• Add Trypsin in 1:50 – 1:200 ratio (enzyme:protein) 
• 10 hours digestion (overnight) 
• evaporation 
•Disolve peptides in 0,1% Formic acid in water 
•Ready to be analysed by LC-MS/MS 
 

  

General Digestion Procedure 

Similar procedure applied to gel band with the exception of destaining the gel, working 
with limited volume of buffer and extraction of the peptides after digestion   



• My sample contains too much salt 
• desalt the sample prior or after digestion by C18 (C4) SPE column 

• My sample contains detergent 
• do not bring it! 

or we can try to apply 
• detergent removal spin column 
• on-filter digestion with the washing steps before – eFASP 

• I am interested not only in soluble proteins – e.g. membrane proteome, 
deep coverage of proteins 

•  consider on filter digestion with adding of detegent on purpose - eFASP 
 

 
  

When modification needed? 



I need higher coverage of my protein 
or 

tryptic peptides does not work for me 

• Digest with different protease than trypsin 
 
• Chymotrypsin, AspN, GluC, LysC, Pepsin, ArgC 

 

• Or chemicaly 
• CNBr – cleave at Met 

 

 

  

 

  



Different digestion conditions 
• Digestion in presence of detergent 

– Rapigest – acid labile detergent 
– deoxycholic acid, sodium deoxycholate – can be removed by extraction by ethyl 

acetate after digestion 
• FASP - Filter Aided Sample Preparation procedure 

– Start with 4% SDS buffer, disolve your proteins and place it on 10kDa filter unit 
– Wash 3 times with 8M Urea, 3 times with Ammonium bicarbonate, filter 

• eFASP – enhanced Filter Aided Sample Preparation procedure 
– Similar to FASP with addition of deoxycholic acid for digest and removal by ethyl 

acetate  



Ideal digestion conditions of proteins 

• Unfold the protein/proteins of interest 
• Completely denatured protein to be digested yet do not affect 

the proease itself  
• Use the minimum amount of protease to protein to prevent 

partial digestion - autoproteolysis 
• Specific cleavage - cleave the proteins after every lysine and 

arginine (valid for trypsin only) – if not miscleavages occur 



Identification of protein by Tandem MS 
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Data Dependent Analysis 

DDA 



Peptide fragmentation during CID 

• Preferential breakage  



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 

FraTu  ACN vz.3

m/z
100 200 300 400 500 600 700 800 900 1000 1100 1200

%

0

100

Q07-12111 140 (28.750) 2: TOF MSMS 677.33ES+ 
381173.1297

173.1404

201.1263

316.1614

777.3981
462.2640

662.4057
530.2639

876.4710 990.5370
1153.5664



MSMS scoring function 

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

– MASCOT, TANDEM, OMSSA, MaxQuant 
• 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 
       False discovery rate (FDR) analysis 



Modifications  

• Fixed modification 
– Cystein alkylation by Iodoacetamide - +57mu 

• Variable 
– Met oxidation  
– Pyroglutamate (Nterminal Q,E) 
– Deamidation (N,Q) 
– Phophorylation (STY) 
– etc. 

 

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



(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 



How to understand the results? 

Protein ID from gel band  
1D ELFO 



Color Peptide Confidence Included in Percent Coverage 

Gray No match   

Red > 0 and < 50 
% Cov, % Cov (50), and % Cov 

(95) 

Yellow >= 50 and < 95 % Cov (50), and % Cov (95) 

Green >= 95 % Cov (95) 



Protein summary 

Peptide summary 

To understand the meaning of the values in each column – see file „Understanding ProteilPilot results“ 


