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Overview

ÅPlant metabolome analysis
ïUPLC-TOF-MS

ïCapNMR

ÅSearch for mycoalexins
ïChemical and biological characterization at the 

microgram level 

ÅSeach for wound biomarkers
ïUPLC-TOF-MS metabolomics

ïLC-MS triggered micro-isolation

ïIdentification of biomarkers by CapNMR 

ÅGlobal spatial and temporal 

expression of wound induced cpds
ïJasmonate synthesis dynamics

ÅConclusion



The size of a plant 

metabolome is unknown 

it is estimated at a few 

thousand constituents

Plant metabolomics

LC-NMR 10-6 mol

LC-UV 10-9 mol

GC-MS 10-12 mol

LC-MS 10-15 mol

LC-LIF 10-19 mol

CE-LIF 10-22 mol

Sumner et al. Phytochemistry 2003, 62, 817-836.
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LC-MS: problem in RT 
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MS Metabolomics A) direct

B) + LC or GC



Plant metabolomics

Rapid, Selective and 

Non-Destructive

Low Sensitivity

High Sensitivity

Instrumentation 

variability

LC-MS: problem in RT 

repeatability

MS Metabolomics

NMR Metabolomics
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UPLC TOF MS and CapNMR technological platform

m/z < 5 ppmparticles

1.7 ɛm

HIGH RESOLUTION LC

HIGH RESOLUTION MS

UPLC TOF-MS

sample limited 

applications

HIGHLY SENSITIVE NMR

Capillary NMR



Ultra Performance Liquid Chromatography (UPLC)

5 ɛm 

Analytical Particles

60 ɛm Human Hair     

(very fine hair)
1.7 ɛm 

ACQUITY UPLC Particles

Optimal Particle Size distribution 

for Maximum Efficiency at a 

given Pressure

High pressure : ca 1000 bar

HPLC UPLC

Influence on separation ?



UPLC: Effect of particle size reduction

5 µm 3.5 µm 1.7µm

Hopt (µm) 12.3 8.8 3.9

uopt (mm/s) 0.6 0.9 2.0 D. Nguyen et al., J. Chrom. A, 2006, 1128, 105-113
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Mobile Phase: H2O/MeCN (60:40 v/v), Sample: butylparaben 25 ppm

in H2O, UV detection: 254nm, Columns : XTerra RP18 4.6 x 150mm,

5µm; XTerra RP 18 4.6 x 50mm, 3.5µm; AcquityShield BEH C18 2.1 x

50mm, 1.7µm
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UPLC increase in resolution
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7ô000 Plates

30ô000 Plates

Geometrical 
transfer

Long gradient 93 min

short gradient 7 min

High resolution

High throughput

short gradient 7 min
m

/z

1.7 ɛm

m/z < 5 ppm
RT < 0.3%

TOF-MS UPLC

UPLC increase in speed



UPLC-TOF MS for revealing metabolome complexity

UPLC-ES-TOF-MS NI

> 250 peaks

detected

Enriched isopropanol extract of A. thaliana

BPI traces

N= ca 70000
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CapNMR

LC-NMR 10-6 mol

LC-UV 10-9 mol

GC-MS 10-12 mol

LC-MS 10-15 mol

LC-LIF 10-19 mol

CE-LIF 10-23 mol

sensitivities

Sumner et al. 

Phytochemistry 2003, 62, 817-836.

deeper 

metabolome

studies



LC peak identification : on-line vs at-line

ÅRapid

ÅSingle analysis

ÅLow spectral 

quality

ÅLimited by the most 

demanding method 

on-line 

hypernated systems

ÅNo compromise 

needed 

Åhigh spectral 

quality

ÅImportant sample 

handling

automated 

at-line methods



5 mm std. 

NMR tube

270 mlit.
(~17 mm)

5 mm Rf Coil

Cap-NMR microcoil flow probe

1.5 mlit.
(~1 mm)

5 mlit.

Solenoidal flow probe

50-200 µl

A) Saddle-type rf coil 

A

flow

cell

Conventional

LC/NMR flow probe

Sample volume:

150 x smaller than standard NMR tubes

10-40 x smaller than LC/NMR



On-flow NMR vs Cap-NMR

Time scale

Ppm scale

MeCN

On-flow NMR contour plot of an 

enriched extract of A. thaliana

Flow rate 0.1 ml/min

512 scans/increment 

A
CAP-NMR
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on-flow versus CAP 1H-NMR spectra 



LC-MS microfractionation setup
Microfractionation in 96 well plates

Micro-

fractionation

Column

250 x 9mm i.d.

CAP-NMR

Low sensitivity

1D & 2D NMR

HPLC

Bioassays

Complementary 

targeted MS 

experiments

Semi-prep

Column 
MSsplit DAD UV

Microfractionation

Triggered by MS

High sensitivity

Split 1:100

Large injection

5-50 mg



LC-MS triggered micro-fractionation
for CapNMR

Injection 50 mg

Column Xbridde

(250 x 9 mm i.d.)

Flow 2 ml/min

Fractions 1 ml/min
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C44C45C46C47C48

Samples drying 

by speed-vac

Samples drying 

by speed-vac

Dissolution with 6.5 

µl of deuterated 

solvent

Injection

5 µl

CapNMR



1H CapNMR of adjacent microfractions 

C44

C45

C46

C47

Each fraction 1ml = 30 sec of peak elution

RT:21,21 - 25,16SM:3B
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1D & 2D spectra of fraction C47

NT=1 NI=512 Time=12 min

NT=2 NI=512 Time=24 min
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Study mycoalexins in zone lines 
of grapevine fungal pathogens 

Pure strain of 

Botryosphaeria obtusa

Confrontation

zone

Pure strain of

Eutypa lata

Å Extraction : chloroforme/methanol/water(64/36/8, v/v/v)

Slice of  a vine stock  

having the ESCA 

apoplectic disease



Differential analysis by UPLC-TOF-MS

Botryosphaeria obtusa

Eutypa lata

Confrontation  



Up scaling of the LC 

separation to 40 Petri 

dishes 

é.

LC-MS microfractionation of the barrage zone

0 10 20 30 40 50 60 70 Time (min)

100

0

%

A

142-3

ppm1234567

2+3

m/z 209

1234567 ppm

1

m/z 193

b
la

n
k

c
o

n
fr

o
n

ta
ti

o
n

phytotoxicity

12+3

Diff: 16 Da

Barrage

zone  

Semi-prep LC-MS

ESI NI

2 3
O-methylmellein

1



Metabolomic study of wound response

COOH

O

jasmonic acid

JA [M-H]- 209

response

Åinduced compounds

Ådynamic of response

Åspatial distribution



Precise biomarker localization by HR UPLC-TOF-MS

Wounded

Control

BIP

BIP
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Differences ?


