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Interpretation/Modeling: 
absolute component 

abundance, tertiary and 
quaternary protein 
structure, influence 

networks, interaction 
networks etc, etc.



Peptide-based MS workflows can 
identify proteins
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Isolated peptides are fragmented and 
measured in a second mass analyzer



High-intensity peptides are selected for 
fragmentation in Data Dependent 

Acquisition (DDA) MS

Peptide listProtein list



Redundancy in DDA MS data does not provide more 
information



Some peptides are shared between 
multiple proteins

= peptide

= protein



Some peptides are more easily detected 
by MS than others

• A Proteotypic peptide (PTP) is a peptide that can be detected with 
highest sensitivity and only match a single protein.

• A protein can produce many unique peptides when digested of 
which some are more easily detected in the MS. 

Preferred peptides

Mallick et al. 2007 Nat Biotech



Targeted proteomics have some 
advantages over DDA

• Only measure proteins of interest

• Only measure the best PTPs from these proteins

• Only measure the most “relevant” fragments

Minimize redundancy and maximize the fraction relevant 
data

• Optimize the analysis for each peptide (collision energy, dwell 
time etc)

 Can achieve higher sensitivity

No discovery – have to know what you’re looking for.



Selected reaction monitoring (SRM) 
in a QQQ is one technology capable 

of targeted proteomics

“MS1” “MS2”
Thermo TSQ 

Quantum used for all 

measurements



SRM assays have to be developed and 
optimized

• SRM assay = set of optimal Q1/Q3 mass pairs for one peptide

• DDA data can assist in the selection of peptides and candidate 
Q1/Q3 mass pairs



MS2 cluster (peptide
IQNIEGVEVTR)



Consensus spectra of a cluster guides Q3 
selection



Experimental design ensures that 
the ion chromatograms are time 

series

The QQQ cycles through the Q1/Q3 pairs 

resulting in ion chromatograms
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Concepts of targeted proteomics

Targeted proteomics:

Analyze the proteins of interest – blind out irrelevant data

Optimize the analysis for each protein of interest once 

Use the optimized settings for all subsequent experiments

Benefits:

Highest achievable sensitivity and dynamic range

Very accurate and reproducible measurements

No random element as e.g. in shotgun proteomics –
standardization, benchmarking possible
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Peptide selection

Protein pool Peptide pool
Trypsin

OGE LC-MS/MS

Seen
62%

Unseen
38%

0% 0%

Preferred peptides

Consensus spectra



Rapid generation of MRM assays with 
synthetic peptides

Picotti, Rinner…,Aebersold; Nat. Methods 2009



Finding the highflyers

Peptide Atlas

MRMbase

Predicted 
peptides

Empirically 
validated 

peptides/proteins

Recombinant 

expression (e.g. 

250 kinases)



Schedule SRM (Retention time 
calibration)

- multiplexed SRM



Retention time normalization – direct 
scheduled MRM across 

methods/machines

1.Synthetic peptides are run

with RT normalization peptides

(RT-kit)

2.Assay coordinates are 

recalculated in absolute

RT space (iRT)

3.Retention times are

normalized to analytical

runs for all assays together

-> direct scheduled MRM



Scheduled SRM



Transition list





Endogenous Spiked synthetic peptide
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4 5 6

A comprehensive scoring model for 
sensitive and accurate scoring of 

MRM data
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Separation power of the uncombined 
scores
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Training mQuest/mProphet with a 
standard data set
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Reiter, Rinner, {…}, Aebersold (2011)



Verification of endogenous peptides 
in unfractionated lysates
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Excellent separation of decoy signals 
and true identifications

Confidential 29

Decoy transitions are transitions for non-existing peptides –

serving as null hypothesis
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ATAQS and Skyline

• Designed to facilitate the experimentalist 
from design to data analysis

• Skyline is a windows-application

• ATAQS is a web-based application



SRM label-free relative quantification 
demonstrated by a dilution experiment

-Strep

-Human

Strep SRM assay measurements

Experimental design



Complete proteome attempted in a 
dose-response experiment

705 proteins measured 

in all plasma levels, < 1% 

FDR.



Identify regulated proteins using PCA and 
k-mean clustering

69 proteins down-regulated 84 proteins up-regulated



Regulated group

Blue = down

Red = up

Green = not regulated

Grey = not measured



Fatty Acid Biosynthesis FASII Blue = down

Red = up

Green = not regulated

Grey = not seen



Transcriptional regulator MarR family

Regulated proteins in FASII group reveal a potential repressor





Conclusions

• Possible to generate SRM assays for almost an 
entire proteome by using synthetic peptides

• SRM can be used for label-free relative 
quantification

• Verified that the FASII pathway is down-
regulated when the bacteria is presented fatty 
acids in the medium


