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Why quantification by mass spectrometry?

� Which proteins are present?

� How much of a protein is present?

� How are the amount of proteins changing 
over time or condition?over time or condition?

� Mass spectrometry can address this for 
many proteins in parallel

� There are many choices to do this � chose 
the right approach to fit your needs

� BUT: be critical yet optimistic with your data!

Curtesy of http://nobelprize.org/nobel_prizes/medic ine/laureates/2001/press.html
http://content.answers.com/main/content/wp/en-commo ns/f/f1/Cyclinexpression_waehrend_Zellzyklus.png



Quantification – Challenges

� Challenges
• ~15,000 proteins expressed ?
• Cellular protein expression spans 6-8 

logs (>10 for serum)
• Biological variation and complexity
• Biological plasticity
• Biological response amplitude
• Technical variation and complexity
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� Analytical state of the art
• ~5,000 proteins
• ~300-3,000 proteins
• 2-4 logs dyn range for sample 

preparation
• 2-4 logs dyn range for MS
• 50-90% technical reproducibility
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Quantitative mass spectrometry: Choices

Peptide profiling
(Label-free)

Peptide ion intensity
Peptide counting
Spectrum counting
Sequence coverage
Protein ID score

Adapted from figure provided by Ole Jensen

Protein ID score



Label free quantification – direct MS signal

� MS signal intensity of an analyte molecule is proportional to ist amount 
� For bottom-up proteomics, the analyte is a peptide, not a protein !
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Old et al Mol Cell Proteomics, 2005: Comparison of label free methods for quantifying human proteins b y shotgun proteomics



Label-free quantification – direct MS signal

� The direct MS response is different for each peptide
� comparing the same peptide between experiments is ok

� Need to determine m/z, intensity and retention time of each peptide in each exp.

4h LC chromatogram

Mass spectrum at 114 min



Label-free quantification – direct MS signal

� Comparing many samples is 
possible

� Requirements
• High reproducibility in wet lab 

experiments
• Short overall workflow
• High reproducibility in LC
• High reproducibility in MS• High reproducibility in MS
• Software

Old et al Mol Cell Proteomics, 2005: Comparison of label free methods for quantifying human proteins b y shotgun proteomics



Quantification by MS signal intensity

Old et al Mol Cell Proteomics, 2005: Comparison of label free methods for quantifying human proteins b y shotgun proteomics

� Quantification accuracy increases with increasing number of peptides

� Arbritray thresholds of significance should be avoi ded!



Label-free quantification – spectrum counting

� Idea: the more protein there is, the 
more matching MS/MS spectra I 
expect

� The reponse differes between 
proteins
• Comparing the same protein 

between samples is ok

� No direct response measurement!

� Protein level – not peptide level

Old et al Mol Cell Proteomics, 2005: Comparison of label free methods for quantifying human proteins b y shotgun proteomics



Label-free quantification – spectrum counting

� Comparing many samples is possible

� Requirements
• High reproducibility in wet lab experiments
• Short overall workflow
• High number of MS/MS spectra for each protein

Old et al Mol Cell Proteomics, 2005: Comparison of label free methods for quantifying human proteins b y shotgun proteomics



Direct MS signal vs specrum counting

� Direct MS signal: needs few spectra to be accurate
� Spectrum counting: needs many spectra to be accurate

Log2 protein ratios determined 
by peak area (PA) or spectrum 
counting (SC)
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The spectrum counting approach is limited by 
the maximum achievable sequence coverage 
using a protease

Old et al Mol Cell Proteomics, 2005
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Stable isotope labeling - Isotope dilution theory

� Stable isotope-labeled peptides are chemically identical to native peptides �
both exhibit identical mass spectrometric response (and often also during LC).

� MS can recognize the mass difference between the labeled and unlabeled 
forms of a peptide � quantification by comparing signal intensities.

amu % abundance
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amu % abundance
1H: 1.007825037 99.985
2H: 2.014101787 0.015
12C: 12.000000000 98.892
13C: 13.003354839 1.108
14N: 14.003074008 99.635
15N: 15.000108978 0.365
16O: 15.99491464 99.759
17O: 16.9991306 0.037
18O: 17.99915939 0.204
31P: 30.9737634 100
32S: 31.9720718 95.018
33S: 32.9714591 0.750
34S: 33.96786774 4.215
36S: 35.9670790 0.107



Choices – stable isotope labeling

A B

Technical accuracy of quantificationBantscheff et al Anal Bioanal Chem 2007



Metabolic labeling

� Types:
• 15N labeling: Oda et al PNAS 1999
• SILAC: Ong et al MCP 2002

Ong and Mann, Nat Chem Biol 2005



Stable isotope labeling – metabolic labeling

� Comparison of 2-3 samples possible, good for quantifying PTMs

� Requirements
• Cell culture system
• Software
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Choices – stable isotope labeling

Technical accuracy of quantification

A B

Bantscheff et al Anal Bioanal Chem 2007



Stable isotope labeling - protein and peptide labeling

� Chemical
• Any functional group in a peptide/protein

� Enzymatic
• Trypsin or Glu-C catalysed incorporation of 18-O into peptides

Leitner and Lindner, J Chromat B 2004



Stable isotope labeling – peptide labeling

� TMT: Tandem mass tags � Thermo/Proteome Sciences
� iTRAQ: isobaric tags for relative and absolute quantification � Applied 

Biosystems 
� Idea: label samples with tags that can be differentiated in the same MS/MS



Stable isotope labeling – peptide labeling

� 2-8 samples can be compared; good for time courses and dose 
responses

� Requirements
• Very high reproducibility in wet lab
• High sensitivity in MS/MS ���������
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Choices – stable isotope labeling

Technical accuracy of quantification

A R

Bantscheff et al Anal Bioanal Chem 2007



Stable isotope labeling – spiking reference standards

� Absolute quantification of one sample possible (AQUA)

� Requirements
• One or many isotope labelled synthetic reference standards
• Short overall workflows

Chromatogramm

Adapted from figure provided by Ole Jensen

Mass Spectrum



Multiple reaction monitoring

� Typically measured on triple quandrupole mass spectrometers

Courtesy of Proteome Sciences

LC-MS chromatogramm 
of plasma



Two slides on data analysis…

� Yes, you will need some statistics

� Choose the appropriate statistics based on the 
nature of the data

� Do not use simple thresholds or cut offs

1:2:4:8 dilution of an identical sample measured by  iTRAQ1:2:4:8 dilution of an identical sample measured by  iTRAQ



Data visualisation

� Useful and not so useful plots � Density plots can visualise protein 
distribution

� Ratio vs Intensity plots can visualise 
data distribution

� p-value vs ratio plots can visualise 
significance at each ratio
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Recommendations

� Label-free by spectrum counting
• Good for measuring global effects in complex samples

� Label-free by MS signal intensity: 
• Good for comparing many similar samples

� Metabolic labeling
• Good for complex workflows
•
•
• Good for small biological responses and quantifying PTMs

� Peptide labeling
• Good for multiplexing (time courses, dose responses)
• Good for primary protein sources

� Spiked reference standards
• Good for assaying few proteins in many samples over wide concentration range


