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Listeria monocytogenes

• Gram-positive bacterium

• Facultative intracellular human 
pathogen

• Capacity to overcome three cellular 
barriers: intestinal-, brain-blood- and 
the placental barrier

• Genome published, L. innocua & L. 
monocytogenes (Glaser et al.,2001)

Picture taken from: J. A. Vazquez-Boland et al., Clin Microbiol Rev 14 (3):584-640, 2001
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Host-Pathogen Interaction:
Listeria monocytogenes

Phagocytosis

Lysis of 
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PlcA, Hly Escape from
Phagosomes

ActA Intracellular motility

Mpl Activation of PlcB

PlcB, Hly Dissolution of 
double membrane
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Host-Pathogen Interaction Studies
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Comparison of HGF and InlB mediated
host cell signalling

Rosario et al., Trends Cell Biol. 2003 Jun;13(6):328-35, modified 
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HGF: Internalin B:

gC1q-R

glucosaminoglycans

Met

Uptake of Listeria monocytogenes by 
non-professionel phagozytic cells

cell growth, proliferation and
motility



Signal transduction of the infected host
upon interaction with pathogens

L. monocytogenes InlB cMet Invasion

L. monocytogenes InlA E-Cadherin Invasion

Y. enterolytica Invasin Integrin Invasion

H. pylorii CagA Src Persistence

P. aeruginosa ? EGFR Invasion

P. aeruginosa ExoS Ras/Raf Cyto-toxicity

Further bacterial effectors / receptors have to be identified

We still have severe limitations in our knowledge about 
fundamental cellular signaling pathways 

or
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Aim & Strategy (started 2003)
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HGF 
1.5nM

InlB36-321
1.5nM

control
Cell lysis

Igepal, Phosphatase-
/Protease-Inhibitors

„Proteomics“

Incubuation of 107 HeLa S3 cells

1) Define an experimental strategy for the functional analysis of receptor
mediated signalling

2) Compare HGF and Internalin B induced epithelial cells to understand
the level of „molecular mimicry“

Aim:

Strategy:



- Induction of HeLa S3 cells

- Lyse the cells after 30min 
(1% Igepal, Na3V04, NaF)

- RuBPS-stain (green) for 
expression analysis

MW

pI

- ProQ-stain (red) for     
detection of 
phosphorylated proteins

Several differentially   
phosphorylated proteins   
can be detected
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Host cell response analysis:
Expression and Phosphoproteome analysis

on traditional 2D-PAGE



2D-PAGE vs. LC-MS/MS

In Gel-digestion 
one vial / protein

M/Z

Intensity

M/Z

Intensity
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Intensity

M/Z

Intensity

MW

pI

2D-PAGE

MALDI-TOF-MS

Digestion of 
proteins in the 
same vial

M
ass fingerprinting

Nano-HPCL-ESI-Q-TOF-MS
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Peptide-Sequencing
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P

Frequency and suppressed ionization behavior of 
phosphorylated peptides in complex samples
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NGTDFGHSiPEYMHKGHDLHITRMFP....-COOHNH2-....JTGNVIPEER

DFGR

HTEEMGLK IVNQLASSWDQMK

LNNVRTSADCQWER

CDEPHLPASR
YREGVSPTQK

GWACVFLMASGTK

LMNGFTWDEK

HDEPLPANR

TSADCQWER

100 proteins generate about 40000 different typtic peptides



LC-MS/MS for the characterization
of phosphorylated peptides

Proteome Research Group

Prerequisites:

1. Specific enrichment of phosphorylated peptides. 

2. Systematic access on kinases.

Preferable:

3. Relative and absolute quantification of single peptides. 



1. Specific enrichment of phosphorylated peptides
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(1.) IMAC
(Immobilized Metall Affinity Purification)

• Binding of phosphorylated
peptides to immobilized
Ga2+

• Washing

• Elution

• Characterization by LC-MS/MS

Proteome Research Group

• Methylation of acidic amino
acids

Ficarro et al., 2002: Systematic identification of phosphorylated peptides from S. cereviseae.



1D-LC-MS/MS (2004): 

- Identification of 112 
phosphorylated proteins

Systematic identification of 
phosphorylated peptides

Proteome Research Group

1. Enrichment of phosphorylated peptides based on IMAC 
(Immobilized Metal Affinity Chromatographie, Ficarro et al., 2002) 

2. Protein identification and phosphosite determination by LC-MS/MS.

Purification efficiency of 
phosphopeptide

> 94 %

- 189 phosphosites

- known and unknown sites



Systematic evaluation of posttranslational 
modification: Phosphosite Report
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2. Systematic access on kinases
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Purvalanol 64
Pyridopyrimidine 61 
Iressa 25
Imidoimidazol 23
Bisindolylmaleimides 11
Tarceva 10
SU 6668                                     9

Affinity Purification of Protein Kinases

A total of:   127 Protein Kinases (25% of the human kinome)

Several small molecule kinase inhibitors exhibited a low substrate specificity

No. fished KinasesImmobilized inhibitor:
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Mapping of Protein Kinases by affinity chroma-
tography based on small kinase inhibitors
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3. Relative and absolute quantification of single peptides.
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Quantification of Peptides by iTRAQ™

combine
peptides

Proteins from
sample A

Proteins from
sample B

Digest and Label

A Peptid114 31 B Peptid117 28
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Every peptide is labeled 
at its amino end and K

(taken from Ross et al., MCP, 2004) 

Peptides with the same sequence
co-elute at the same time and 
were Analyses in the same 
MS/MS experiment



Quantification of Peptides by iTRAQ™

Proteome Research Group

TIC

Reporter region 
of MS/MS

MS/MS

ASDEGPEDFTR (e.g.)

Sequence of the Peptide:

MS

Different Peptides



Relative quantification of phosphorylated peptides
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Induced 
phosphorylations

Immobilized Metal Affinity 
Chromatography (IMAC)

*
** *

*
*

**

*
*

*

* **
*

HeLa cells

+HGF
-Cell-Lysis

-Protein extraction

-Proteolysis

-Methylation

Differential labeling of 
phosphopeptides with 
iTRAQ™

Nano-HPLC-Q-TOF MS/MS

+InlB

Manual inspection of MS/MS



iTRAQ link peptide sequencing (MS/MS) with the 
process of relative phosphopeptide quantification
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Reporter area
for relative 
quantification

T P               QP                AP      pS V       P       P      pT

� Identification area �

Phosphorylated aminoacids
(T401, S405), y-ion series

*

*

*

* * *

-Protein identification

-Phosphosite mapping

-Relative quantification



Cortactin: Regulation of a Erk1 dependent 
phosphosite after InlB and HGF induction

N-WASP

Arp2/3

Erk1 Src T401/S405 phosphorylation:

30`InlB 30`HGF

total phosphorylation:

Proteome Research Group

Martinez-Quiles et al., Molecular and Cellular Biology, 2004

S405Cortactin
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Dynamic of quantification signals 

Most intense reporters are:

- Tryptic peptides ending on K
(harboring two labels)

- Short peptides (due to ion sup-
pression in longer peptides)

- has to be specified...

Reporter intensities

has to be proved

Reporter intensities the iTRAQ channels 114.1 & 115.1 Da

[Da]



Deviation of regulatory data 
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Quantification of kinase fractions by iTRAQ
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Deviation of regulatory data (* 
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Characterization of quantification signals 

iTRAQ reagent 114:

Maximum mass delta of ± 0.01 Da has to be considered 

Mass delta of the reporter masses also depend on their intensities



PTM by Ornithyl:
Monoisotopic Mass Change:114.079 

AATPQPVTMFR Alanine a-ion = 115,09 Da

Proline at the C-terminus of the protein 
(Lmo1388) y-ion =116.063 Da

C-terminus Asparatic Acid
z-ion = 117.04 Da

Amide of Valine
y-ion = 117.09 Da

Specificity of the reporter channels 
114.1, 115.1, 116.1 and 117.1 Da

Proteome Research Group



Specificity of the reporter channels 
(only 117.1 Da reagent used)
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Expected reporter intensities close by 117.10 Da

Unexpected reporter intensities



Dynamic range of iTRAQ

11116

1400

2121

1111

117116115114
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11.422.1217.8

13.470.250.005

1.821.111.791

0.951.030.961

117116115114

A kinase fraction was splited in 4 equal ratios, labeled individually with iTRAQ reagents 
(114, 115, 116, 117), mixed in variable ratios and were analyzed by LC-MS/MS

Found ratios (sum of 338 peptides):Expected ratios:



Dynamic range of iTRAQ
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4.00.1iTRAQ™117

4.53.00.0iTRAQ™116

0.15.62.0iTRAQ™115

0.25.9iTRAQ™114

% of +2% of +1% of -1% of -2Reagent

Observed ratios were caused predominantly  by 
By-products of the iTRAQ reagents:

By-product certification taken from a typical product sheet 
(Applied Biosystems)



Specificity of the MS/MS analyses
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Quadrupol extraction window for MS/MS
2 to 4 Da

well separated peptides

overlapping peptide ions are
frequent in complex proteomes



Specificity of the MS/MS analyses
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Quadrupol extraction window for MS/MS
2 to 4 Da

Unassigned fragmentation 
ions indicate to co-extracted
peptides

Reporter intensities interfere
with peptide sequencing

MS/MS of the peptide
FDMELDDLPK

Fragment ion masses
that can be predicted
based on the peptide
sequence. 
Experimentally ob-
served masses are
assigned in bold red



Systematic quantification by iTRAQ (Outlook)
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1. Define the mass accuracy of the four reporter masses

2. Extract and delete the reporter intensities from the MS/MS spectra

Reject those sequences for 
quantitative analyses that…

- exhibit a high ratio of un-
assigned / assigned ions

- potentially produce contami-
nating fragmentation ions

remaining

Identify peptide sequences    
by MASCOT DB search

Recalculate reporter intensities 
according expected by-products

Annotate regulatory information
to individual peptides 

“Score” the reliability based on  
reporter intensities and 
mass accuracy
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