


Brief introduction to proteomics ideology 

Combination protein and MS 

MS data interpretation 

Applications 



Protein is a complex organic molecule that contain 

carbon, hydrogen, oxygen and nitrogen, is 
composed of one or more chains of amino acids.  

Proteins are fundamental components of all living 

cells are necessary for the proper functioning of an 

organism. 

Proteome is the set of expressed proteins at a given time under defined condition. 

Proteomics is field of study encompassing the identification and quantification of 

proteins, and the effect of their modifications, interactions, activities, and function, 
during disease states, and treatment.  

Charting the protein composition of a cell/organism, and its change as a response 

to internal/external cues. 



Complexity of the proteome 

Dynamic range of protein abundance 



15 modifications on the N-terminal tail of histone 3 

215 = 32,000 combinations (at least in theory) 

This alone exceeds the number of genes in the genome 







‘I want a camera that can capture 

continents and single cells’ 

Albumin                              Interleukin 6 



Mallick& Kuster, Nature Biotechnology 28, 695–709 (2010)  



How can we identify a protein by MS? 

Why do we need to digest protein? 

How can we identify 1000 proteins by MS? 

How do we know they are correct? 

How do we quantify identified protein by MS? 





How to calculate its molecular weight? 
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How can we identify a protein by MS? 

Why do we need to digest protein? 

How can we identify 1000 proteins by MS? 

How do we know they are correct? 

How do we quantify identified protein by MS? 



Bottom Up approach 

Gel based methods (SDS-PAGE, 2DE) 

Gel-free based methods (1-D LC, MuDPIT, Shotgun proteomics) 

Protein Identification and differential proteomics 
CID or ECD  

Top Down approach 

Separation of simple mixtures of proteins 
Potential acces to complete protein sequence 

Ability to localize and characterize PTMs 

ECD 
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Purpose is to fragment ions from parent ion to provide 

structural information about a molecule 

Uses two or more mass analyzers/filters separated by 
a gass-filled collision cell (Nitrogen, Argon or Xenon)  





Low energy fragmentation: break weakest bond = peptide bond 
Yields primarily b and y ions        











Searching a protein database 

Matching fragmantation spectra to masses that can be formed 
from tryptic peptides in a particulat protein database (e.g. Swiss-
Prot, Human Proteome, Ensemble...) 

Examples: Sequest, Macot, X!tandem, Phenyx, etc. 



How can we identify a protein by MS? 

Why do we need to digest protein? 

How can we identify 1000 proteins by MS? 

How do we know they are correct? 

How do we quantify identified protein by MS? 





separation technique to deliver peptides at 

the MS one by one 

Mass spectrometer filled with smaller diversity of 

peptides 

Less ion suppression (in electrospray) 

With proper separation, lower abundant peptides 
might be separated from higher abundant ones 

Often used methods: reverse-phase 
chromatography in combination with ion 

exchange chromatography 





Cycling through 1 x MS and N x MS/MS 

In LTQ-Orbitrap and Triple-TOF: MS and 
MS/MS in parallel 

Aiming for time-efficiency 

Dynamic exclusion: fragment every 

peptide only once (ideally) 



How can we identify a protein by MS? 

Why do we need to digest protein? 

How can we identify 1000 proteins by MS? 

How do we know they are correct? 

How do we quantify identified protein by MS? 







Estimate rate of false identifications by searching a 

randomized databased composed of forward and 

reversed protein sequences 



How can we identify a protein by MS? 
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Quantification Methods 

Label-free Quantification 

› Automated peak alignment and integration 

Stable Isotope Dilution Quantification 

› General workflow 

› Principles of the popular SILAC, iTRAQ and 
AQUA methods 





Relative Quantification 
Measure relative intensity of signals of peptides and 
compare between samples 
This can be employed to determine quantitative 
differences of the same peptide/protein between 
samples 

Absolute Quantification 
Each peptide has a characteristic response factor (F) 
F x relative intensity = peptide concentration 

Usually, a isotopically labeled peptides (internal 
standard) that is spike it into the sample is used 
This can be used to determine quantitative differences 
of different peptides/proteins within the same or 
different sample(s) 



Aebersold R. et al., 

Nature reviews Genetics 2009 



Ong SE. et al., MCP 2002 



Aebersold R. et al., Nature reviews 2007 



Stage 1 Stage 2 

Gygi SP. et al., Mass Spec. Prot 2005 



Always think what you want to do and 

what do you looking for 

A complex sample need a complex 
solution 

There is not a uniform method 



To the leader of the MS group 

Dr. Cvacka  

and members 



any questions? 


