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In-vitro stable isotope labeling



Stable isotope labeling

v" Light (*C, 10, *N) and heavy isotope (*3C, 80, **°N) labeled

peptide pairs have exactly identical chemical properties
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In all ion transmission spaces

= Chemical labeling (TMT/iTRAQ, Dimethylation, etc)
= Enzymatic labeling (*3O-labeling)
= Metabolic labeling (SILAC)




Chemical labeling

O Isotopic labeling (quantitation at MS1 level)

e Cysteine

 Amine (N-terminal, lysine)

O Isobaric labeling (quantitation at MS2 level)
e ITRAQ (isobaric Tag for Relative and Absolute Quantitation)

e TMT (Tandem Mass Tag)



Isotopic labeling: quantitation at MS1 level

Intensity

m/z

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



Isotopic labeling: quantitation at MS1 level

= Cysteine -ICAT

= Reductive dimethylation

= |CPL (isotopic chemical protein labeling)
= mMTRAQ labeling

= QOthers



Isotopic labeling: quantitation at MS1 level
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ICAT (Isotope-Coded Affinity Tag)

ICAT Reagents: Héavy reagent: d8-ICAT (X=deuterium)
Light reagent: dO-ICAT (X=hydrogen)
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Cleavable ICAT® Reagents

Heavy and Light cleavable ICAT reagents consist of four moieties as
shown in Figure 1:

Affinity|  15cavable Isotope-Coded Tag
Tag L 1 . 13
mker Heavy: 9 x ¥C (236 amu)
(Biotin) (C1oH1NsOs) Light: 9 x 12C (227 amu)

Protein-Reactive Group|

=

/

Protein

Figure 1 Cleavable ICAT Reagent Structure

ICAT Reagent Specifications

peptide after cleaving

Light ICAT Heavy ICAT

Specification Reagent Reagent
Composition C43H79N7012SI 130903.4H;.v00123|
Average molecular weight 1,036.1 1,045.1
Monoisotopic MH* 1,036.39 1,045.42
Monoisotopic MH* added to 907.47 916.50
peptide before cleaving
Composition of tag after cleaving CqgH17N303 13CQCH17N303
Monoisotopic MH* added to 22713 236.16
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ICAT (Isotope-Coded Affinity Tag)
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PROTOCOL |

Monitoring in vivo reversible cysteine oxidation
in proteins using ICAT and mass spectrometry

Sarela Garcia-Santamarina!, Susanna Boronat!, Alba Doménech!, José Ayté!, Henrik Molina? & Elena Hidalgo!
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Reductive dimethylation
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Reductive dimethylation
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Reductive dimethylation

F
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RESOURCE

nature
structural &
molecular biology

The RNA-binding protein repertoire of embryonic
stem cells

S Chul Kwon!?2, Hyerim Yil2, Katrin Eichelbaum3, Sophia Fohr3, Bernd Fischer?, Kwon Tae Youl2,
Alfredo Castello?, Jeroen Krijgsveld3, Matthias W Hentze** & V Narry Kim!2
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ICPL Scheme (isotope-coded protein label)

Reagent Reaction
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MTRAQ labeling

Peptide Reactive
Group (PRG)

B “CH, A "N' @ "CH, @ "N
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BMC Bioinformatics. 2011 Feb 15;12



Enzymatic 180-labeling
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A: two different peptide pairs from C-reactive protein.
B: three different peptide pairs from von Willebrand factor.
A
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Qian W et al. Mol Cell Proteomics 2005;4:700-709
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Ezymatic 80O-labeling
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Proteome reference: 180-labeling

Patient Samples

GroupA: © OSSO OS
GroupB: 0 00000 O®

Individual processing &
digestion

Patient peptide samples Pooled reference sample

Identical processing,
digestion, and 80 labeling

180-labeled reference
peptide sample

./

Patient peptide samples mixed
with 180 labeled reference

B R
LC-MS analysis
!

Feature identification and quantitation based on
both 180/180 ratios and label-free 1*0-abundances




l voxelation tryptic digest,

3 1865 labeling
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Accurate relative quantification

T Haptoglobin B chain s B2-Glycoprotein |
(1] =
Q o
o o
Ec.) R? = 0.9999 ood R? = 0.9999
3 S8
5 49 5 48
1.1 % error 3.3 % error
0.8 % CV 1.4 % CV
0 Known concentration ratio 0 Known concentration ratio

0 5 10 0 5 10
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Quantitation based on MS1 level : pros & cons

= Chemical labeling (ICAT, Dimethylation...), Enzymatic labeling (180-
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

MSIMS
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Intensity (counts)

Intensity (counts)
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ITRAQ 8-plex
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Total Mass=305
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TMT- Tandem Mass Tags

« A family of amine reactive isobaric MS/MS tags based on an identical chemical structure

C()L/\)k ;j
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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

Relative Abundance
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