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Quantitative proteomics
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in-vitro stable isotope labeling
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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

 Chemical labeling (TMT/iTRAQ, Dimethylation, etc)
 Enzymatic labeling (18O-labeling)
 Metabolic labeling (SILAC)
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Chemical labeling
 Isotopic labeling (quantitation at MS1 level)

• Cysteine

• Amine (N-terminal, lysine)

 Isobaric labeling (quantitation at MS2 level)

• iTRAQ (isobaric Tag for Relative and Absolute Quantitation)

• TMT (Tandem Mass Tag)



Isotopic labeling: quantitation at MS1 level

m/z

In
te

ns
ity

 Double or triple sample complexity, i.e. decrease in identification rate
 Better quantification dynamic range and accuracy 
 Low multiplexing power



 Cysteine -ICAT

 Reductive dimethylation

 ICPL (isotopic chemical protein labeling)

 mTRAQ labeling

 Others

Isotopic labeling: quantitation at MS1 level



Isotopic labeling: quantitation at MS1 level



ICAT (Isotope-Coded Affinity Tag)

Biotin Biotin 
tagtag

Linker Linker 
(heavy or light)(heavy or light)

Thiol specific Thiol specific 
reactive groupreactive group

ICAT Reagents:ICAT Reagents: Heavy reagent: d8Heavy reagent: d8--ICAT (ICAT (XX=deuterium)=deuterium)
Light reagent: d0Light reagent: d0--ICAT (ICAT (XX=hydrogen)=hydrogen)
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ICAT (Isotope-Coded Affinity Tag)
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Reductive dimethylation

4 Da

4 Da
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Reductive dimethylation

8 Da
8 Da
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Reductive dimethylation
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(isotope-coded protein label)
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ALNEINQFYQK

BMC Bioinformatics. 2011 Feb 15;12

mTRAQ labeling



18

Enzymatic 18O-labeling

Dry

Peptides

Resuspend
in H2

18O 
1:50 Trypsin:Peptide (w/w)

Boil for 10 minutes

STOP

18O-Labeling
37 oC, 450 rpm

5hr

Efficient for all tryptic digests
Petritis, et al. J. Proteome Res. 2009.
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A: two different peptide pairs from C-reactive protein.
B: three different peptide pairs from von Willebrand factor.

Qian W et al. Mol Cell Proteomics 2005;4:700-709
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Ezymatic 18O-labeling
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Proteome reference: 18O-labeling



Petyuk V A et al. Genome Res. 2007;17:328-336
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Accurate relative quantification

R² = 0.9999
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Kim JS et al. Mol Cell Proteomics. 2011 



Quantitation based on MS1 level : pros & cons

 Chemical labeling (ICAT, Dimethylation…), Enzymatic labeling (18O-

labeling), Metabolic labeling (SILAC)

 Pros: better quantification accuracy and dynamic range

 Cons: double or triple sample complexity 
 decrease in identification rate, and low multiplexing power (3-plex)



Isobaric labeling: quantitation at MS2 level

Sample prep

Total mass of label
= 145 Da ALWAYS

N-terminal amine
Lys amine



iTRAQ 4-plex



iTRAQ 8-plex
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TMT 10-plex Reagents

126.1277261

127.1310809127.1247610

128.1344357128.1281158

129.1377905129.1314706

130.1411453130.1348254

131.1381802

TMT10-126

TMT10-127N TMT10-127C

TMT10-128N TMT10-128C

TMT10-129N TMT10-129C

TMT10-130N TMT10-130C

TMT10-131

HCD cleavage site

ETD cleavage site
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TMT 10-plex Reagents
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TMT 10-plex Reagents
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TMT 10-plex labeled peptides were 
mixed 16:8:4:2:1:1:2:4:8:16


