
Quantitative proteomics:
Principles & Strategies



2DE‐based approach



2DE‐based approach

“I see 1,000 spots, but identify 50 only.”

Why ??

Sensitivity of silver stained gel spot ~ 1 ng
(low digestion efficiency of in‐gel digestion, ~ < 5%)

Best sensitivity of LC‐MS ~ 1 attomole of protein = ~ 40 fg

Almost >10,000‐fold in sensitivity  



Chemical labeling
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Quantitative proteomics workflow (LC‐MS/MS based)
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LC‐MS/MS based quantification strategies

Label‐free (MS intensity)

Spectral counting (Semi label‐free)

Stable isotope labeling

 Metabolic labeling (SILAC)

 Chemical labeling

 Enzymatic labeling

Synthetic heavy peptides (AQUA) 

Fully heavy protein (PSAQ)
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Stable isotope labeling

 Light (12C, 16O, 14N) and heavy isotope (13C, 18O, 15N) labeled peptide 

pairs have exactly identical chemical properties

Pass together through LC, ESI, 
In all ion transmission spaces

Sample A

Sample B
Heavy

Light 
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m/z

HL

L/H ratio

 Metabolic labeling (SILAC)
 Chemical labeling (TMT/iTRAQ, Dimethylation)
 Enzymatic labeling (18O-labeling)



LC‐MS/MS based quantification

 Heavy reference (stable isotope labeled peptide) is necessary for accurate 

quantification

 Relative quantification within a single peptide with same sequence

 Why ???

Different ionization efficiency 

‐ basicity (# of charge state)

‐ hydrophobicity (desolvation)

‐ solvent composition in eluent



MS‐based quantitation at MS1 level
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 Double or triple sample complexity, i.e. decrease in identification rate
 Better quantification dynamic range and accuracy 
 Low multiplexing power

Stable Isotope Labeling by Amino acids in Cell culture, SILAC

Ion Intensity = Ion abundance



Stable Isotope Labeling by Amino acids in Cell culture, SILAC
(A sort of history of SILAC)



Isotopically depleted (∼99.95% 12C, 
∼99.99% 14N, and >99.995% 1 H)
13C: 1.07 %  0.05 %
15N: 0.368 %  0.01 %
2H: 0.0115 %  0.005 %



Leu‐d10



Leucine (Leu-D10), isoleucine (Ile-D10), phenylalanine (Phe-D8), 
arginine (Arg-13C6), histidine (His- 13C6) or lysine (Lys- 13C6)



Leu‐d10



Leu‐d3



Deuterated leucine (Leu‐d3)

 Complete incorporation after five cell doublings
 No differences in cell morphology, doubling times, and ability of the cells to differentiate



Importance of Dialyzed Serum

• non-dialzed serum contains free (unlabeled) amino acids!





*

m/zm/z

Passage cells to allow incorporation 
of labelled AA

By 5 cell doublings cells have 
incorporated

*

m/zm/z

Grow SILAC labelled cells to desired 
number of cells for experiment

*

m/zm/z

Start SILAC labelling by growing 
cells in labelling media

(labelled AA / dialized serum)
m/zm/z

Media with 
Normal AA ()

Media with 
Labelled AA (*)

X 3 X 3

Cells in normal culture media



No alterations to cell phenotype

C2C12 myoblast cell line

Labeled cells behaved as expected under differentiation protocols 


