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absoluten Quantifizierung von Proteinen

 in der Massenspektrometrie
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Proteomics 2007 (1)

Western blot
ELISA (Enzyme Linked Immumosorbent 

Assay)
RIA (Radio Immunosorbant Assay)
FACS analysis (cell based)
Luminex (bead based)

DIGE (2 Dimensional Gel Electrophoresis)
MALDI-TOF identification of proteins 

Proteomics 2007 – 
Analytical Lab



   

Proteomics 2007 (2)

Multidimensional Liquid Chromatography
ICAT - derivatisation of cysteine residues
ITRAQ-  Labeling of N-termini, multiplexing 

limited to six samples
SILAC
ICPL

Isotope labeled quantitation peptides –  
AQUA-peptides

Proteomics 2007 – 
Mass Spec Labs



   

Proteomics 2017 (1)

Multiplex parallel quantitation of proteins by 
MS 

- Used for diagnosis, prognosis and 
individual therapy control

- Wide applications in controlling   
processes in biotechnological production

- Important tool for systems biology (whole 
proteomes available)

- In scientific groups used to analyse 
changes in protein complexes, cell 
organelles and membrane molecules (e. 
g. lipid rafts)

Proteomics 2017 (1)



   

Proteomics 2017 (2)

Analyses will be possible using 

- Unmodified proteolytic peptides
- Natural peptides or protein fragments
- Phosphorylated peptides
- N- and O- glycosylated peptides
- Other modifications (ubiquitination, 

suomylation, acetylation etc.)

QconCAT used as routine method to verify 
effects of  RNAi therapy

Proteomics 2017 (2)



   

AQUA –  chemical synthesis (SIGMA-ALDRICH)

 enables absolute protein quantitation 
using stable isotope labeled peptides as 
an internal standard  and HPLC-MS

 Step 1: AQUA Peptide Selection
Select an optimal tryptic peptide and stable isotope 
amino acid from the sequence of your protein of 
interest , Order synthetic AQUA Peptide, Optimize 
LC-MS/MS

 Step 2: Implementation
Extract protein from biological samples and add 
known quantity of AQUA Peptide , 
Digest , Analyze by LC-MS/MS to quantitate protein 
of interest 
 
Gerber, Scott A, et al. Absolute quantification 
of proteins and phosphoproteins from cell 
lysates by tandem MS. PNAS. June 10, 2003. 
Vol 100. No 12. p 6940-6945 

AQUA



   

Problems

 Absolute quantification expensive

 Chemical synthesis of reference 
peptides not always feasible

 Sources of errors due to different 
treatment of reference peptide and 
target proteins

Problems



   

QconCAT –  biosynthesis of multiple 
peptides
 Absolute Quantification
 Based on mass tagged internal standards 

(Q-peptides)
 One Q-peptide per analyte protein
 Multiple Q-peptides conCATenated into a 

synthetic gene, expressed as a 
heterologous QconCAT protein

 Easy construction of large sets of mass 
tag peptides

 Tryptic digest of reference and target 
peptides in the same tube

 Separation of reference and target 
peptides in the same solution

QconCAT  a new 
approach



   

The method 1  selection of protein targets

MSderived peptides
DIGEderived proteins
Western blot
ELISA
DNAArray experiments
Genetic linkage analysis
SNP analysis(Small nucleic acid polymorphisms)
etc.

The method 1 – 
selection of targets



   

The method 2 - selection of Q-peptides (1)
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 One per analyte protein
 Propensity to ionise
 Uniqueness in set
 Useable mass
 Preferably arg-

terminated

The method 2  
selection of Q

peptides



   

The mehtod 2 – 
acceptable peptides

The method 2  selection of Qpeptides (2)



   

Isotope labeld amino 
acids



   

The method 3 - creation of the concatamer

The method 3  
creation of the 

concatamer



   

The method 4 - typical QconCAT gene
CATATGGCGG GTAAA GTTAT CCGTG GCTTCCTGATCGACGGTTACCCGCGTGTAGTTCTGGCTTAT GAACC GGTGT GGGCC ATCGGCACCGGTAAAAACCTGGCGCCATACTCCGATGAA
     M  A  G  K  V  I  R  G  F   L  I   D  G  Y  P  R  V  V  L  A  Y  E  P  V  W  A   I  G  T  G  K  N  L  A  P  Y  S  D   E

L  R  G  D  Q  L  T  T  A  T  E  G  R  S  Y  E  L  P  D  G  Q  V  I  T  I  G  N  E  R  Q  V  V  E  S  A  Y  E  V  I  R

L  I  I  G  E  Q  L  G  E  I  Y  R  A  I  D  A  E  S  E  V  A  S   L  N  R  S  L   E  D  Q  L  S  E  I  K  V  L  Y  P  N

L  N  F  F  E  G  K  G  I  L  A  A  D  E  S  V  G  I  M   G  N  R  A  I  D  A  E  A  E  V  A  S  L  N  R  L   Q  N  E  V

E  D  L  M  V  D  V  E  R  L  V  S  W  Y  D  N  E  F  G   Y  S  N  R  A  L  E  S  P  E  R  P  F  L  A  I  L   G  G  A  K

C  V  V  D  S  A  Y  E  V  I  K  A  A  V  P  S  G  A  S   T  G  I  Y  E  A  L  E  L  R  L  L  P  S  E  S  A   L  L  P  A

F  G  S  P  Y  G  R  F  G  V  E  Q  N  V  D  M  V  F  A   S  F  I  R  G  T  G  G  V  D  T  A  A  V  G  A  V   F  D  I  S

N  A  D  R  A  G  K  V  I    S  A  E  G  S  K  L  A  A   A  L  E  H  H  H  H  H  H  *C

CTGCGCGGCGATCAGCTGT TTACCGCGACTGAAGGTCGTAGCTATGAACTGCCGGATGGTCAGGTGATTACTATTGGTAACGAACGTCAGGTTGTGGAAAGCGCCTACGAAGTTATCCGT

CTGATTACCG GCGAA CAGCT GGGTG AAATTTATCGTGCTACCGACGCAGAATCTGAAGTTGCCAGC CTGAA CCGTT CCCTG GAAGATCAGCTGTCCGAAATCAAAGTGCTGTATCCAAAC

GATAACTTCTTTGAAGGCAAAGGCATCCTGGCAGCGGACGAATCCGTTGGCACCATGGGTAACCGCGCCACCGACGCTGAAGCTGAAGTTGCGTCCCTGAACCGTCTGCAGAACGAAGTT

GAAGACCTGA TGGTT GATGT TGAAC GCCTGGTTTCTTGGTACGACAACGAGTTCGGTTACTCCAAC CGTGC TCTGG AATCT CCGGAACGCCCGTTCCTGGCGATCCTGGGTGGCGCTAAA

CAGGTAGTGG ACTCT GCCTA CGAAG TTATCAAAGCAGCTGTACCGAGCGGCCCGTCTACCGGTATT TACGA AGCAC TGGAA CTGCGTCTGCTGCCGTCTGAATCTGCGCTGCTGCCGGCA

CCGGGTTCTC CGTAC GGCCG CTTTG GTGTGGAACAGAACGTTGATATGGTGTTCGCGTCTTTCATC CGTGG TACTG GTGGC GTTGATACCGCTGCAGTAGGTGCGGTATTCGACATCAGC

AACGCAGACC GTGCG GGTAA AGTTA TCTGCTCTGCGGAAGGATCCAAGCTTGCGGCCGCACTCGAG CACCA CCACC ACCAC CACTGA

Adenyla te kinase Triosephosphate isomerase Apolipoprotein AI

Myosin binding C

Beta enolase Tropomyosin A Embyronic myosin

Glycogen phosphorylase Aldolase B Tropomyosin B

Adult myosin HC GAPDH Phosphoglycerate kinase

Lactate dehydrogenase A Alpha enolase Actin polymerisation inhibitor

Pyruvate kinase Creatinine k inase

Quantification Purification

Alpha actin Lactate dehydrogenase B

The method 4  
typical QconCAT 

gene



   

MALDI-ToF of unlabelled QconCAT
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MALDIToF of 
unlabelled QconCAT



   

The method 5 - expression, labelling, digest

The method 5  
expression, labelling, 

digest



   

The method 6 - analysis

Mass spectrometry

The method 6  
analysis



   

The method 7 –  proof of principle

 15N-labelled and 
unlabelled QconCAT 
proteins

 Mixed in different ratios
 Proteolysed before MALDI-

ToF

The method 7  proof 
of principle



   

Advantages

 Chemically inaccessible peptides can 
be produced biosynthetically

 Absolute quantification at reasonable 
costs

 High fault tolerance, e.g. against 
preparation artifacts

 Low costs for isotope labelling
 Re-usability of the concatamer gene
 'Themed' peptide sets can be provided 

off the shelf as quantification kits
 Realistic approach to quantify whole 

proteomes

Advantages



   

Applications

 Highly accurate quantification of large sets 
of analyte proteins

 Quantitative analysis of proteomes
 Comparison of results between labs
 High-precision modelling in systems 

biology
 Quantification of phosphorylation states 

and other covalent modifications (in future)
 Diagnosis
 Food quality control, environmental 

research

Applications



   

Inventors
 Prof. Rob Beynon, 

University of Liverpool
 Prof. Simon Gaskell, 

University of Manchester
 Dr. Julie Pratt, independent 

consultant

Patent application
 Entelechon GmbH

Inventors – Nature 
Methods Publication



   

Nature Protocols 
Publication



   

More information

www.qconcat.com

Entelechon GmbH
www.entelechon.com

giegerich@entelechon.com

+49 (0)941 / 69 818 17

More information



   

Cooperations 2007

Rob Beynon, Julie Pratt, Liverpool
Simon Gaskell, Glasgow
Ruedi Aebersholt, Bernd Wollscheid, 
Vinzenz Lange, Zürich
Saleh Ibrahim, Martin Eggert, Gerhard 

Neeck, Rostock
Peter Öfner, Regensburg
Panatecs, Tübingen
OMX, München
Proteome Factory, Berlin



   



   



   

MS/MS spectrum



   

A new Method for the multiplexed

absolute Quantification of Proteins

Title



   

Protein quantification - existing approaches

 Switch from gel-based methods to 
isotope-labeled derivatisation methods

 DIGE (2D differential gel electrophoresis)
 ICAT - derivatisation of cysteine residues
 iTRAQ - derivatisation of N-terminus
 Comparable accuracy
 Specific drawbacks:

 DIGE: Complex procedure, different 
migration rates for isoforms

 ICAT: Requirement for cys residues
 iTRAQ: Multiplexing limited to four 

independent samples

Existing approaches



   



   



   



   

Web application for QconCAT design

Web application for 
QconCAT design

Based on the QconCAT design helper tool 
by

Prof. Rob Beynon



   

Web application for QconCAT design

Web application for 
QconCAT design



   

Frequently asked questions

 Efficiency of the tryptic digest
 How efficient is the digest?
 What if target proteins and QconCAT are 

digested at different rates?
 Quantification of the concatamer

 How accurate is it?
 Isotope-labelling

 Available options
 Accuracy

 Turnaround time
 Separation of peptides

Frequently asked 
questions



   

The method 4 - typical QconCAT gene
CATATGGCGG GTAAA GTTAT CCGTG GCTTCCTGATCGACGGTTACCCGCGTGTAGTTCTGGCTTAT GAACC GGTGT GGGCC ATCGGCACCGGTAAAAACCTGGCGCCATACTCCGATGAA
     M  A  G  K  V  I  R  G  F   L  I   D  G  Y  P  R  V  V  L  A  Y  E  P  V  W  A   I  G  T  G  K  N  L  A  P  Y  S  D   E

L  R  G  D  Q  L  T  T  A  T  E  G  R  S  Y  E  L  P  D  G  Q  V  I  T  I  G  N  E  R  Q  V  V  E  S  A  Y  E  V  I  R

L  I  I  G  E  Q  L  G  E  I  Y  R  A  I  D  A  E  S  E  V  A  S   L  N  R  S  L   E  D  Q  L  S  E  I  K  V  L  Y  P  N

L  N  F  F  E  G  K  G  I  L  A  A  D  E  S  V  G  I  M   G  N  R  A  I  D  A  E  A  E  V  A  S  L  N  R  L   Q  N  E  V

E  D  L  M  V  D  V  E  R  L  V  S  W  Y  D  N  E  F  G   Y  S  N  R  A  L  E  S  P  E  R  P  F  L  A  I  L   G  G  A  K

C  V  V  D  S  A  Y  E  V  I  K  A  A  V  P  S  G  A  S   T  G  I  Y  E  A  L  E  L  R  L  L  P  S  E  S  A   L  L  P  A

F  G  S  P  Y  G  R  F  G  V  E  Q  N  V  D  M  V  F  A   S  F  I  R  G  T  G  G  V  D  T  A  A  V  G  A  V   F  D  I  S

N  A  D  R  A  G  K  V  I    S  A  E  G  S  K  L  A  A   A  L  E  H  H  H  H  H  H  *C

CTGCGCGGCGATCAGCTGT TTACCGCGACTGAAGGTCGTAGCTATGAACTGCCGGATGGTCAGGTGATTACTATTGGTAACGAACGTCAGGTTGTGGAAAGCGCCTACGAAGTTATCCGT

CTGATTACCG GCGAA CAGCT GGGTG AAATTTATCGTGCTACCGACGCAGAATCTGAAGTTGCCAGC CTGAA CCGTT CCCTG GAAGATCAGCTGTCCGAAATCAAAGTGCTGTATCCAAAC

GATAACTTCTTTGAAGGCAAAGGCATCCTGGCAGCGGACGAATCCGTTGGCACCATGGGTAACCGCGCCACCGACGCTGAAGCTGAAGTTGCGTCCCTGAACCGTCTGCAGAACGAAGTT

GAAGACCTGA TGGTT GATGT TGAAC GCCTGGTTTCTTGGTACGACAACGAGTTCGGTTACTCCAAC CGTGC TCTGG AATCT CCGGAACGCCCGTTCCTGGCGATCCTGGGTGGCGCTAAA

CAGGTAGTGG ACTCT GCCTA CGAAG TTATCAAAGCAGCTGTACCGAGCGGCCCGTCTACCGGTATT TACGA AGCAC TGGAA CTGCGTCTGCTGCCGTCTGAATCTGCGCTGCTGCCGGCA

CCGGGTTCTC CGTAC GGCCG CTTTG GTGTGGAACAGAACGTTGATATGGTGTTCGCGTCTTTCATC CGTGG TACTG GTGGC GTTGATACCGCTGCAGTAGGTGCGGTATTCGACATCAGC

AACGCAGACC GTGCG GGTAA AGTTA TCTGCTCTGCGGAAGGATCCAAGCTTGCGGCCGCACTCGAG CACCA CCACC ACCAC CACTGA

Adenyla te kinase Triosephosphate isomerase Apolipoprotein AI

Myosin binding C

Beta enolase Tropomyosin A Embyronic myosin

Glycogen phosphorylase Aldolase B Tropomyosin B

Adult myosin HC GAPDH Phosphoglycerate kinase

Lactate dehydrogenase A Alpha enolase Actin polymerisation inhibitor

Pyruvate kinase Creatinine k inase

Quantification Purification

Alpha actin Lactate dehydrogenase B

The method 4  
typical QconCAT 

gene


