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Some Definitions

metabolome
/mɪˈtabələʊm/
noun
BIOCHEMISTRY
noun:metabolome; plural noun: metabolomes

the total number of metabolites present within an organism, cell, or tissue.

metabolomics
mɪˈtabəlɒmɪks/
Noun
BIOCHEMISTRY
noun:metabolomics

the scientific study of the set of metabolites present within an organism, cell, or tissue, often by measuring 
simultaneously (100s -10000s), many of which are not identified (features or  analyts, )



Central dogma in Biology

• The system (cell) is more than the sum of its parts
• To understand the system we must study the system not the 

parts

• e.g. Silkworm metamorphosis

Reductionist

Integrative
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Complex Nature of biology
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Uroscopy – Early metabolomics

Nicholson, J. K. & Lindon, J. C. Nature 455, 1054–1056 (2008).

• It dates back to 
ancient Egypt, Babylon, 
and India. It was particularly 
emphasized in Byzantine 
medicine.

• The wheel describes the 
possible colors, smells and 
tastes of urine, and uses them 
to diagnose disease. 

The Urine Wheel for diagnosing metabolic diseases, from Epiphanie Medicorum by Ullrich Pinder in 1506



Bio Marker Diagnosis and Monitoring

Images from Google



Metabolomics on a chip

J. H. Sung, Shuler lab, Cornell University.



Omics by numbers

‘Omics’ results Number
Genomics DNA sequence 100,000-1,000,000
Transcriptomics Gene expression 10,000-100,000
Proteomics Protein expression 1,000-50,000
Metabolomics Compounds 100-10,000*

*It is estimated that all plant species contain 90,000 - 200,000 compounds. Each individual plant 
species contains about 5,000 – 30,000 compounds

• Metabolites have a vast range of chemical structures and properties. Their molecular 

weights span two orders of magnitude 

• No single extraction or analysis method works for all metabolites

• Many metabolite levels change with half times of minutes or seconds – far faster than 

nucleic acids or proteins



Cell size vs Metabolite – by Lane et al,

• Human cells range from 0.2-20 pL in volume
• Biomass accounts for ca. 30 % of total mass (ash is very low)
• Cells are ca. 20% w/v protein.
• Human cells have 6 pg DNA
• Variable RNA

• <10% “metabolites”
• 1 million cells of 1 pL volume make about 1 mm 3
• Biomass of 1 million cells: 60-6000 pg biomass or 20-2000 pg metabolites
• Effective metabolite concentrations:

• 1-10 mM (very abundant) =1-10 fmol/ cell
• 1-100 μM (typical) = 1-100 amol/cell 
• 1-100 nmol (rare) = 1-100 zmol/cell

• Concentrations depend on pool sizes and compartmentation: lymphocytes 
cell nucleus occupies >50% of internal volume, epithelial cells <10%.

• Mitochondria numbers vary from 1-1000 each ca. 1 fL, occupying a 
substantial fraction of the cell volume



Dynamic range of metabolome

10

Polarity
Log -6 
to 14

Mass < 1500 amu

Conc. 
Range 109

NMR
GC-MS
LC-MS
Custom 
assays

Global 
profiles

q Size varies “only” 2 orders of 
magnitude (~150 to 1500 Da)

q Abundance varies hugely (many 
orders of magnitude)

q Large number of structural isomers
q i.e Lipids (TAG)

q 40 common fatty acids
q 3 fatty acids per TAG à

64000 species

q Hugely different chemical properties
Ø Hydrophobicity
Ø Polarity
Ø Volatility
Ø pKa



Snapshot metabolomics
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Diurnal Rhythm 

Tissue-Specific Diurnal Rhythm of PPARs and Target Gene Expression. From Yang et 
al. (2006) Cell 126:801-810.

DOI: 10.1371/journal.pgen.1002143



Why is it important

Jan van der Greef, Paul Stroobant, Rob van der Heijden, The role of analytical sciences in medical systems biology, Current Opinion in 
Chemical Biology, Volume 8, Issue 5, October 2004, Pages 559-565, ISSN 1367-5931, http://dx.doi.org/10.1016/j.cbpa.2004.08.013.



Global profiling tool
n NMR spectroscopy

n Solution state

n Solid state (HR-MAS)

n GC- MS Spectrometry

n LC-MS spectrometry

n TOF

n QQQ

n ESI

n Imaging-MS

n MADLI -MS

n DESI-MS



Instrument progress



Exploiting	High	Mass	Accuracy	to	ID	Compounds

50-200 ppmLinear IonTrap
3 - 5 ppmTriple Quad
3 - 5 ppmQ-TOF
3 - 5 ppmTOF-MS
1 - 2 ppmMagnetic Sector
0.5 - 1 ppmOrbitrap
0.1 - 1 ppmFT-ICR-MS

Mass AccuracyType

(10 ppm in Ultra-Zoom)
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NMR pro and cons

• NMR is the only detection 
technique which does not rely 
on separation of the analytes. 
This means that the sample is 
not destroyed. 

• All kinds of small molecule 
metabolite can be measured 
simultaneously. 

• Sample analysis is fast (~7 
minutes) and robust, enabling 
high throughput.

• It is not as sensitive as MS 
techniques.

• As a consequence high-
resolution NMR of intact 
biofluids does not yet 
identify all the metabolites.

• Cannot analyse the organic 
layer from cell/tissue 
extracts very easily.

Disadvantages of NMRAdvantages of NMR



Mass spectrometry pro and cons

• It is much more sensitive than NMR. 
This mean we can study more 
metabolites.

• 30-100 metabolites can be identified 
from NMR data whilst GC-MS 
allowed the identification of >300 
metabolites in the aqueous and > 
1000 for LC-MS. 

• Not limited to samples type/ 
potentially more global

• Takes up much less space than an 
NMR machine and cheaper to buy

• Similarity of isomers can make 
identification difficult. For LC-MS 
libraries and not complete

• Samples must be derivatised before 
analysis which increases the 
preparation time.

• Sample analysis time is longer than 
NMR and are less reproducible

• Some large molecules cannot be 
measured by this technique.

Advantages of MS Disadvantages of MS



Imaging Mass spectrometry 

METASPACE EMBL



Applications of metabolomics is growing



MetaboLights – metabolomics data sharing 



Large scale computing for medical 
metabolomics

All libraries in the App Library 
run Within the CRE on the 
cloud. This simplifies  running 
and maintaining applications 

Access to the Virtual Research 
Environments is through Galaxy
Workflow or Jupyter iPython 
coding web environment  

An easy to use, cloud based
scalable software infrastructure
for metabolomics

The open-source App Library

PhenoMeNal Cloud 
Research Environment 

(CRE)
All your favourite 

metabolomics applications 
under one hood.
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Possible	other	 interesting	resources

http://metabolomicssociety.org/resources/tutorials
http://www.metabolomics-forum.com/
https://masspec.scripps.edu/mshistory/whatisms_toc.php
http://www.ebi.ac.uk/training/online/course/introduction-metabolomics/what-metabolomics
http://www.metabonews.ca/archive.html



Online course

http://www.ebi.ac.uk/training/online/course/introduction-metabolomics



Upcoming webinars
See the full list of upcoming webinars at
http://www.ebi.ac.uk/training/webinars

Feedback
Tell us what you think


