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Metabolomics - definition

• Scientific study of chemical processes involving metabolites

• Metabolites

– Intermediates and products of metabolic reactions

• Synthesis and breakdown of compounds

– Lipids, sugars, peptides, volatile compounds, ......

– Hormones and other signalling molecules

– Products of metabolism of foreign substances

– usually < 1500 Da in size

• The metabolome represents the collection of all metabolites 
in a biological cell, tissue, organ or organism, which are the 
end products of cellular processes

– Very diverse and complex



Metabolic pathways

http://biochemical-pathways.com



Why is Metabolomics Relevant?

• Generate metabolic “signatures”

• Monitor/measure metabolite flux

• Monitor enzyme/pathway kinetics

• Assess/identify phenotypes

• Monitor gene/environment interactions

• Track effects from toxins/drugs/surgery

• Identify functions of unknown genes



NMR vs MS

https://www.mdpi.com/2218-1989/9/7/123

https://www.mdpi.com/2218-1989/9/7/123


NMR vs MS

https://www.mdpi.com/2218-1989/9/7/123

https://www.mdpi.com/2218-1989/9/7/123


https://www.mdpi.com/2218-1989/9/7/123

https://www.mdpi.com/2218-1989/9/7/123


2 Routes to Metabolomics
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Targeted vs untargeted metabolomics

• Targeted: Pre-defined set of metabolites to quantify

– Typically carried out in diagnostics

– Pros: Cab be used for a wide range of samples, identifies and 

quantifies compounds

– Cons: Limited by database size, missing information

• Untargeted: Global analysis of metabolic changes in response 

to disease, environmental or genetic perturbations.

– typically carried out for hypothesis generation, followed by targeted 

profiling for more confident quantification of relevant metabolites.

– Pros: Unbiased (no selection of metabolites)

– Cons: Technically challenging (both the analysis and the 

bioinformatics), risk of getting too many unknowns, limited by training 

set



New methods

Discrimination between Secondary-Progressive and 
Relapsing-Remitting Mutiple sclerosis patients



Metabolomics methodology
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nmrprocflow.org



PCA of 22 wheat samples
inter-laboratory study

12

A: JEOL 400
B: Bruker 500
C: Bruker 600

Green: 5 days 
after flowering

Red: 14 days 
after flowering
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• twostages: 5 and 14 daysafter flowering
• twoculture conditions: control and stress

PCA of 22 wheat samples
inter-laboratory study



Metabolomics – Broccoli sprouts
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What is the difference between these spectra?

Acquired with ECZ-S 400 spectrometer with a ROYAL probe



Metabolomics – Broccoli sprouts
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OPLS-DA using 1H NMR

• Blue: Grown without light

• Red: grown with light

https://www.jeol.co.jp/en/applications/detail/
1634.html

https://www.jeol.co.jp/en/applications/detail/
1577.html

https://www.jeol.co.jp/en/applications/detail/
1575.html

https://www.jeol.co.jp/en/applications/detail/1634.html
https://www.jeol.co.jp/en/applications/detail/1577.html
https://www.jeol.co.jp/en/applications/detail/1575.html


Metabolomics courses

https://www.emsl.pnnl.gov/learn/summer-school/
https://bioinformaticsdotca.github.io/

https://www.emsl.pnnl.gov/learn/summer-school/
https://bioinformaticsdotca.github.io/


Natural products database
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JEOL CH-NMR-NP Database

• 30500 molecules published 
between 2002 and 2014

• 13C and 1H data

• Compiled by Prof. K. Hayamizu

• Search by mass, family, dC, mol
file …

https://www.j-resonance.com/en/nmrdb/

https://www.j-resonance.com/en/nmrdb/
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CH-NMR-NP: entry preview
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Natural extracts study

Algorithm for automated 

peak matching of spectra vs database, 

and scoring / ranking of results

Mangosteen extract
Pascal Richomme

Antoine Bruguiere

Severine Derbre

Joël Dietsch
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Natural extracts study

Some results from mangosteen extract using the 

CH-NMR-NP 
database 

HPLC confirmation:

Score Rank

Beta-mangostin 0.96 3

Cudraxanthone 0.84 27*

8-Desoxygartanine 0.96 1

Gartanine 0.96 2

*Cudraxanthone is described in the 
literature under different solvent



Other databases

• https://nmrshiftdb.nmr.uni-koeln.de/
• https://bmrb.io/
• https://hmdb.ca/

Lipoproteins
• https://doi.org/10.1194/jlr.M092643
• https://doi.org/10.1021/acs.analchem.7b04148

https://nmrshiftdb.nmr.uni-koeln.de/
https://bmrb.io/
https://hmdb.ca/
https://doi.org/10.1194/jlr.M092643
https://doi.org/10.1021/acs.analchem.7b04148


Metabolomics in Delta
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New chemometrics tool (delta 6.0)

PCA

HCA



CRAFT
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What is CRAFT? 

Spectrometer 
sphere

Spectroscopist
sphere

x-y representation of frequency vs intensity

Intensity = f(amplitude, linewidth, phase)

Transform

ANALYSIS

➢ Sum of several sinusoids
➢ Each represented by NMR properties

• Frequency
• Amplitude
• Decay rate constant
• Phase

Complete Reduction to Amplitude Frequency Table

Frequency
Amplitude
Linewidth

Phase

CPU sphere
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JEOL Delta with CRAFT

• Working with 

– Krish Krishnamurthy, Chempacker LLC

– Dan Iverson, OpenVNMRJ

• Direct access from Delta to CRAFT processing and back to Delta

• CRAFT Supports:

– 1D NMR Data

– High Dynamic Range Data

– 2D NMR Data

• CRAFT (complete reduction to amplitude frequency table) – robust and 

time-efficient Bayesian approach for quantitative mixture analysis by 

NMR, Krish Krishnamurthy, Magn. Reson. Chem., 51, p 821-829, (2013)
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CRAFT of Brucine, results
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2D CRAFT of estradiol

Linewidth is dominated by the 

apodization function

Linewidth should be dominated by 

the decay rate-constant

CRAFT needs no apodization
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2D CRAFT of estradiol  - Projections
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CRAFT and chemometrics

https://doi.org/10.1002/mrc.5092

https://doi.org/10.1002/mrc.5092
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CRAFT and chemometrics

https://doi.org/10.1002/mrc.5092

https://doi.org/10.1002/mrc.5092

