
Quantitation Tools

Introduction to some 

differential proteomics analysis



Hacia una “Proteómica de Segunda Generación” (II):

ICAT (isotope-coded affinity tags) (Aebersold y cols.)
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iTRAQTM reagents
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iTRAQ™ Reagent Design

 Amine specific

PRG

Peptide Reactive 

Group

Charged Neutral loss

Isobaric Tag
(Total mass = 145)

Reporter Balance PRG

 Gives characteristic signature 

ion in MS/MS

 Gives good b- and y-ion series

 Maintains charge state 

 Maintains ionization efficiency 

of peptide

Signature ion masses lie in quiet 

region

Reporter
(Mass = 114 thru 117)

 Balance changes  

in concert with 

reporter mass to 

maintain total mass 

of 145

Neutral loss in 

MS/MS

Balance
(Mass = 31 thru 28)

Isobaric Tag
(Total mass = 145)

Multiplexed protein quantitation in saccharomyces cerevisiae using amine-
reactive isobaric tagging reagents Ross, PL., et al, Mol Cell Proteomics, 
2004. 3(12): p. 1154-69



Isobaric Tagging - General Method 
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itraq_CID_PQD#5857 RT:31.32 AV:1 NL:9.75E2

T: ITMS + c NSI sid=70.00  d Full ms2 704.96@45.00 [ 50.00-2000.00]
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Mass cutoff typically observed with ion 

traps for MS2 spectra (1/3rd rule)
MS2_1581 #1 RT: 0.00 AV: 1 NL: 1.76E3

T: ITMS + p ESI Full ms2 1581.00@35.00 [ 435.00-2000.00]
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VEGF

HUVEC cells

Protein extract A

digestion

digestion

labeling

labeling

H2H2

H2 H2H2H2 H2H2

H2H2

(+4 Da)

mix

Ramos, López-Ferrer and Vázquez Proteomics 2006; Molecular and Cellular Proteomics (2007)
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High-throughput identification

Protein extract B

High-throughput quantification

Differential Proteomics study using 
18O stable isotope labeling

HPLC-SCX

separation



Bantscheff et al. Rapid Comm. Mass Spectrom. 2004

Enzymatic post-digestion incorporation of 18O in peptides
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Towards a kinetic correction algorithm: the rationale:

The kinetic model

The kinetic equations

An universal diff. equation!

Solution of eq.6 for trypsin exchange

(=0.5)
An universal relation!

Note that this eq. does not

depend on k nor t!

Ramos, López-Ferrer and Vázquez, CSIC, Patent filed 2006
Ramos, López-Ferrer and Vázquez, Molecular and Cellular Proteomics (2007)

18O



Fitting of A, B1, B2 Fitting of A, B, f

Old algorithm New algorithm

The kinetic

correction

algorithm

Ramos, López-Ferrer and Vázquez, CSIC, Patent filed 2006
Ramos, López-Ferrer and Vázquez, Molecular and Cellular Proteomics (2007)

-degrees of 

freedom of the 

fitting are 

maintained

18O



Results before and after correction for incomplete 18O labeling

Control experiment:

Proteome vs itself
Expression changes after T-cell activation

1.

5

N
o

rm
. 
F

re
q

. A

- 4 - 2 0 2 4

Log2(A / B)

- 4 - 2 0 2 4
0

0.5

1

1.

5

0

0.

5

1

B

1 2 1 2

Log2(A / B)

- 4 - 2 0 2 4 - 4 - 2 0 2 4

0

0.2

0.4

0.6

0.8

1

0

0.2

0.4

0.6

0.8

1
E

s
ti

m
a
te

d
 L

a
b

e
l.
 

E
ff

.
C D

Log2(
16O/18O)

0 1 2-

1

- 2

1

2

N
o

rm
. 
F

re
q

.

0

3

N
o

rm
. 
F

re
q

.

A

1

2

3

0

B

Ramos, López-Ferrer and Vázquez, CSIC, Patent filed 2006
Ramos, López-Ferrer and Vázquez, Molecular and Cellular Proteomics (2007)

18O



D’Ascenzo et al., 

BFGenomics & 

Proteomics (2008)

Graumann… Mann 

MCP (2008)

SILAC labeling eff.:

Aliquot from the labeled sample

iTRAQ labeling eff.

Calculated from the pool of data

Labeling is not complete:

Labeling efficiency must be controlled!!



A comment on labeling efficiency 

on SIL experiments

• Both SILAC and iTRAQ are assumed to have a 
100% labeling efficiency… This is not true in the 
practice!

• Labeling efficiency has to be controlled in both 
cases by analyzing an aliquot of the labeled 
sample or analyzing the data as a whole, but is 
not controlled at the individual peptide level

• 18O labeling allows a precise (and automated) 
control of labeling efficiency of each one of the 
quantified peptides and obviates the need of 
“external” testing



QuiXoT Windows Thermo ion traps raw file 18O iTRAQ?? http://www.cbm.uam.es/jvazquez/bioinformatics.htm

Müller et al. JPR 2008


