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Non-targeted metabolic profiling

Goals, data format, software

Met. profiling projects in our laboratory

Brassica-Verticillium pathosystem

Xylem sap analysis
Data processing
Interpretation

TopicsTopics
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NonNon--targetedtargeted analysisanalysis: : 
a a newnew paradigmaparadigma in in analyticalanalytical chemistrychemistry

Traditional
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chemistry

Comparative
metabolic
profiling
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Metabolomics

Metabolic fingerprinting

Differencial/comparative profiling

Metabonomics

MetaboliteMetabolite analysisanalysis
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Fundamental requirement: Detect many chemically
diverse, uncharacterized substances

Suitability of MS detectors: 
Compare QQQ, IT, TOF, FT-ICRMS

Varian 500-MS and triple resonance scanning

Basic technology: Basic technology: fullfull--scanscan MSMS
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Open standard is a must!

XML: Universal - open - extensible
BUT biased towards proteomics,
+ not widely implemented yet

ANDI/NetCDF: open and compatible
BUT unsuitable for parsing (binary) 
+ not good for higher-order MS data

DataData formatformat
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Open Source dominant in metab. profiling

XCMS
MzMINE

ACD/MS Manager (ScienceServe)

Custom-written Perl scripts

SoftwareSoftware



Sesame
(Sesamum indicum L.)

ApplicationsApplications of of metabolicmetabolic profilingprofiling



Sterile hydroponic cultures

ApplicationsApplications of of metabolicmetabolic profilingprofiling
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Verticillium longisporumVerticillium longisporum



Brassica napus Brassica napus –– VerticilliumVerticillium pathosystempathosystem

Synthesis

Effect

Effect

Synthesis

Brassica
napus

Verticillium
longisporum

XYLEM
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Secondary
metabolites

Secondary
metabolites

XYLEM
(vascular
system)



ChemicalChemical interactionsinteractions in in xylemxylem

Verticillium
longisporum
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Brassica
napus

Metabolites
affected by
infection: 

Origin
Identity
Function

XYLEM



Control plants Infected plants

Xylem sap 
20 - 60 µl/plant

Rapid cycling rape
7 days old seedlings infected 
14 to 35 dpi harvest

ExtractionExtraction of of xylemxylem sapsap

Pressure chamber
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1. Find metabolites specific for or affected by infection
2. Elucidate their origin
3. Identify metabolic transformations

HPLC-ESI-MS 

Infected
plant Fungal

culture
Healthy

plant
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ComparativeComparative profilingprofiling



HPLCHPLC--MSMS

HPLC Polar-modified C18, 3 µm, 2x100 mm, 
MeOH/water 10 - 90%, 40ºC, 0.2 ml/min

Ionization ESI
Mass selection m/z from 50 to 1000
Sampling Once per second

Full-scan on IT Fast triple-resonance scanning

Data reduction CODA
Data processing ACD/MS Manager

XCMS (+R)
Custom Perl scripts
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HPLC-ESI-MS: 
500-MS full scan

Data processing

Normalization

Comparative analysis

Candidate metabolites

Confirmation
on single plants

MetabolicMetabolic profilesprofiles of of xylemxylem sapsap
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Normalization
is crucial
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Controls V.l. C     V.l.

GreenhouseClimatic chamber

m/z =299m/z =299
(negative)(negative) Signal suppressed

by infection
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TIC

EIC 299

A

B

C

Full-scan 50 – 1000
(500-MS)
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SIM 299
(1200L)
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SIM 299
(1200L)

A B

C

A B C

Control

InfectedB
B

= 0.28 

Relative Relative 
normalized normalized 
intensitiesintensities
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SIM 299
(1200L)

A B
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C

= 1.0

Relative Relative 
normalized normalized 
intensitiesintensities
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SIM 299
(1200L)
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Controls V.l. C      V.l.

GreenhouseClimatic chamber

m/z =611m/z =611
(negative)(negative)

Infection-specific
signal
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TIC

EIC 611

ESI negative



TurboDDSTurboDDS

AutoDDS: 611 neg.

MS2

MS3
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TIC

EIC 613

ESI positive



TurboDDSTurboDDS

AutoDDS: 613 (pos.)

MS2

MS3

MS4
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Climatic chamber Greenhouse

Controls V.l. C     V.l.

m/z = 187m/z = 187
(negative)(negative) Signal enhanced

by infection



Goettingen University
Molecular Phytopathology & Mycotoxin Research Lab
ASMS 2007, User Meeting Varian www.gwdg.de/~instphyt/karlovsky

Confirmation:
Single plant
analysis

m/z = 617m/z = 617
(negative)(negative)
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Metabolite signal vs. disease symptomsMetabolite signal vs. disease symptoms

no correlationm/z = 396
(negative)
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Metabolite signal vs. fungal DNAMetabolite signal vs. fungal DNA

m/z = 396
(negative)
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Xylem sap metabolites Xylem sap metabolites 
affected by infectionaffected by infection

Suppressed metabolites
Degradation of phytoanticipins

Intensified metabolites
Phytoalexins, signal transduction

Infection-specific metabolites
Virulence factors?



AcknowledgmentAcknowledgment

PhD students

Astrid Ratzinger
Arne Weiberg
Nadine Riediger

Funding
DFG (Research Group
FOR546 Verticillium)

Technical assistence
Monika Boßmann
Nadine Reimann
Ines Kunze

Goettingen University
Molecular Phytopathology & Mycotoxin Research Lab
ASMS 2007, User Meeting Varian www.gwdg.de/~instphyt/karlovsky

Special thanks
Dr. Susanne Sölter
(Varian Germany)


	Brassica napus – Verticillium pathosystem
	Chemical interactions in xylem
	Comparative profiling
	Xylem sap metabolites �affected by infection



