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Historic - Metabolomics
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Jeremy Nicholson from Imperial college, London, UK  pioneered the use of NMR to analyse 

metabolites in biological systems  

1H NMR spectrum of a urine extractOne of the first 

publications on 

metabolic profiling 

using  high-

resolution 1H NMR 

(1984)



Definition - Metabolomics
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4. Analyse/Model 

data/Identify

NMR = 50-70 metabolites 

(central metabolism)

2. Record 

chemical data
3. Process dataset

metabolomics = 14500

metabonomics = 15000

PubMed hits:

(Dec 2016)

Metabolomics = detection of many metabolite features then 

looking for differences in groups of samples

Metabolite= low  molecular  weight 

compound (< 1000 Daltons)

1.Samples

group1

group2

5. Interpret the 

results



Technical platforms
Nuclear Magnetic Resonance

(NMR)

Liquid Chromatography/ Mass Spectrometry 

(LC/MS)
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Gas Chromatography/ Mass Spectrometry (GC/MS) (not shown)

Capillary electrophoresis / Mass Spectrometry (CE/MS) (not shown)

LC/MS-TOFUPLC/MS-QTOF

Untargeted 

Metabolomics

LTQ Orbitrap

TOF: Time-of-Flight Linear Trap Quadrupole

QQQ
Targeted 

Metabolomics

QQQ: triple quadrupole
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Why metabolomics?

To profile 

bioflluids and 

correlate to 

phenotypes
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Why metabolomics?

Kerr et al, Mutant Kras copy number defines metabolic reprogramming and therapeutic susceptibilities, Nature (2016), 531, 110–113

To elucidate biological mechanisms



Scientific areas

disease/ 
personalized 
health care

new drug 
targets

molecular 
epidemiology

diet

• substantial 
equivalence
(comparison of 

genetically 
modified/new variety 
versus conventional 

foods)

• gene function 
(study of 
Knock-Out)

• taxonomy, species 
classification

• environment 
stimuli (stress, 
nutrients)

• characterising 
metabolism

• interaction 
with host

Microbes

Bacteroides

thetaiotaomicron

Rumminococcus gnavus

Clostridium botulinum

Plants / Food

green tea

Arabidopsis thanalia

broccoli

tomato

Mammalian/Animal Systems

mammalian model

In vitro modelHuman interventions
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Aqueous Metabolites
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NMR: detects any molecule containing 1H nuclei but not sensitive

Amino acids Organic acids

Sugars Amines

Osmolytes

Primary metabolites:

Nucleosides

(all living systems)

Secondary metabolites:    

Alkaloids

Steroids, Terpenoids 

Phenolic compounds, Flavonoids

(plants, fungi)

MS: low detection limit but some molecules not detected



Lipids
NMR detects the total content of abundant lipids

MS detects 100s of individual lipids

measures total TG, 

cholesterol, PC and SM 

screens neutral and phospholipids

Neutral lipids Phospholipids

phosphatidylcholines (PC)

phosphatidylethanolamines (PE)

phosphatidylserines (PS)

phosphatidylinositols (PI)

Phosphatidic acids (PA)
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Main radicals R:

10Other lipids such as free fatty acids, arachidonic acid, prostaglandins and inositols are  detected by targeted  GC and LC/MS lipidomics



NMR: quantitative
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1H spectrum of a faecal extract in Chenomx software

TSP 

(reference  

compound)

No need for standards with 1H NMR. The compound used as a reference to set the X axis, named trimethylsilyl 

propionate (TSP) is the unique standard used to quantify the compounds detected in the 1H NMR spectrum

butyrate

butyrate

butyrate

propionate

propionate ethanol

lactate
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MS: quantitative

J Vis Exp. 2016, 115, e54420, 1-7

J Vis Exp. 2016, 115, e54420, 1-7

R2 0.99



NMR: structural elucidation
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• Each compound can have one or several chemical groups or chemical shifts (location on the X axis) 

1H spectrum of a faecal extract

• For example butyric acid has 3 chemical shifts

butyric
0.88 ppm

1.55 ppm

2.14 ppm

butyric2H
2H

3H

butyric

butyric

X axis (ppm)

“sees” 2+1

= TRIPLET
0.88 ppm

• Interactions with neighbouring protons result in the splitting of NMR peaks. 

Multiplicity = number of neighbours  + 1

TRIPLET

1.55 ppm

“sees” 3 and 4= TRIPLET 

OF QUADRUPLETS

TRIPLET OF 

QUADRUPLETS

TRIPLET

“sees” 3 = TRIPLET
2.14 ppm

1.32

3H

lactate

1  1

1 lactate
3H

1H
(not shown)

DOUBLET

2H

3H

ethanol
1.17 ppm

1  2  1  
1  1

1

ethanol
3H

(not shown)

TRIPLET

3H

2H

2H

• The peak intensity distribution follows the pattern of  numbers in Pascal’s triangle

1  5 10 10 5 1 
1  4  6  4  1  

1  3  3  1

1  2  1  
1  1

1
1  2  1  

1  1

1

1  2  1  
1  1

1

3H
2H

propionic
1.04 ppm

2.17 

1  2  1  
1  1

11

1  3  3  1

1  2  1  
1  1

propionic2H
3H

propionic

TRIPLET

QUADRULET
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MS: structural elucidation

Fragment ions of reference myoglobins horse, beef, pork and lamb

• Analysis of fragment ions

• Ion accurate mass

horse
beef

pork lamb

Circles: ions specific to each species



NMR advantages
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• Quantitative
TSP (reference  compound)

• Can detect any metabolite of concentration 

above 50 μM, sometimes lower (5 μM)

Formate  5uM

• Structural elucidation of unknown 

compounds

1.46
2.63

unknown triplet at 1.46 ppm linked to 

unknown triplet at 2.63 ppm. 

Structure = Y-CH2-CH2-X                                                  

5 mm 
tube

• Simple sample preparation
3 mm 
tube

• Robust automated recording (repeatable)

• High-throughput (up to 100 samples /day)
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MS advantages

• Automation (needs checking)

• High-throughput (up to 100 samples /day if automation is ok)

• Sensitive ( down to 5 nM or lower)

2-Ketoglutaric acid C5H6O5 [MH]+ theoretical mass 145.0137

Glutamine C5H10N2O3 [MH]+ theoretical mass 145.0613

• Structural elucidation of unknown 

compounds (fragments, accurate mass)

145.0143

145.0619

m/z

145.014

145.050

Time-of-Flight Orbitrap

• Simple sample preparation

glass vials



Sample extraction
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plants, fruits, 

vegetables

Broccoli

Carrot Pepper

wine

+

meat 

+

liquid 

nitrogen

liquid nitrogenpestle and mortar

Lyophilise Homogenise

(dry)

Add (reconstitute in) 
deuterated solvent

nmr tubes

Example:

a set of Arabidopsis extracts in NMR tubes in a rack 

Adapted from "Metabonomics" in the series Methods in Molecular Biology, published by Humana Press, USA –2015, 15-28

mammalian tissue 

glass beads biphasic extraction with 

methanol, water &chloroform

Extract tissue with ice
cold solvents

Keep on ice Homogenise

weight tissue

Options:

+

urine plasma

Dilute

faeces

vortex mixer

+

Phosphate 

buffer

(dry)

Add (reconstitute in) 
solvent

MS glass vials



NMR, how does it work?
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Fourier transform

NMR spectrum

(Hz then ppm)

Resonance RelaxationExcitation

Electromagnetic 

radiation (pulse)FID NMR signal

(Free induction decay)

Spin states  - 1⁄2

Bo

Spin states  1⁄2

Nuclei placed in a 

magnetic field

� less stable state 

� more stable state Degenerate level for 

spin states 1⁄2 and - 1⁄2

Nuclei out of the 

magnetic field

Energy 



NMR equipment
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Cryoprobe

NMR probe
(inside the 
magnet)

NMR 

magnet

supply liquid helium at -269°C once a month

supply liquid nitrogen at -196°C once a week

60-holder autosampler

600 MHz Oxford Instrument NMR spectrometer with cryoprobe and 60-holder autosampler

compressed gas

PC with TOPSPIN 

Software for data 

recording and 

processing 

NMR console

lead to cryoprobe

transporting gas helium 

at -253°C (cooling 

electronics)



COMMAND FOR RECORDING  A 1H NMR SPECTRUM

Magnet, carrousel and samples in NMR tubes

Acquiring an NMR spectrum
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Commands to acquire an 1H NMR spectrum

Snapshot of TOPSPIN software

Workstation (PC with TOPSPIN software)

2. Copy an NMR experiment (set parameters + filename)

3. lock (choose D2O)

7. efp ;apkm (fourier transform, phasing)

8. wpar experiment name

4. atma (tuning)

5. myshim (shimming)

6. zg (acquisition)

9. iconnmr

Automation. List of samples can be updated during the run= continuum (~100 samples/24h)

1

1. sx 1 (arm moves sample in holder 1 into the magnet)

write in the 
white window 
the following 
commands

nmr tube



Processing of an NMR spectrum
Free induction decay (FID)

NMR spectrum after FT and phasing

apkm 21

ef

NMR spectrum after Fourier Transform (FT): not phased

NMR spectrum after FT, phasing, baseline correction and  

setting the reference to zero (final version)

reference  compound



22

ZOOM

bucketing

in AMIX software

1H NMR spectra of mouse faecal pellet samples

Data processing for NMR

High fat diet 

KO mice

High fat diet 

WT mice

bile acidssaturated long 

chain  fatty acids

0.87
0.73

0.67

High fat diet

ppm                   

Metabolic changes associated with high fat diet: 

• decrease of the levels of butyrate and propionate

• Signals from saturated lipids and bile acids appear 

Normal diet 

KO mice

Normal diet 

WT mice

butyrate

1.56

butyrate

0.90
valine

1.01
1.05

propionate
ethanol

1.18
Normal diet lactate

1.32

Black dots = variable buckets



Raw Data
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multivariate analysis

Data analysis

calculation

Principal Component Analysis (PCA)

PCA on 86 buckets x 17 samples

2 groups - KO vs WT mice 

High fat diet

In Metaboanalyst software

Loading plot

sample IDsample ID

group codinggroup coding

signal intensitysignal intensity

metabolitemetabolitebucketbucket

group 
coding
group 
coding

1

2samplesample

sample IDsample ID

samplesample

bucketbucket
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1H NMR spectra of mouse faecal extracts

univariate test

Metabolite plot

In GraphPrism software

p 0.0001

p 0.10

Bucket 3.09 ppm –

tauro-conjugated bile acid

Data analysis
univariate analysis

Normal diet 

KO mice

Normal diet 

WT mice

High fat diet 

KO mice

High fat diet 

WT mice
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Principle of LC/MS

Mass Analyser

3. Mass  Analyser

Ions sorted according to their 

mass over charge ratio (m/z)

mass spectrum

4. Detector

Adapted from Mass Spectrometry for Biotechnology, Gary Siuzdak , Academic Press 1996

NB: multiple chromatographic columns, ionisation methods, analysers (i.e. mass spectrometers, see slide 5), and 

detectors

2. ionisation

Molecules turn into ions

(M+ and fragments)

2. Electrospray ionisation

chromatographic 

column

1. Chromatography
samples

“Mass spectrometry has been described as the smallest scale in the world, not 
because of the mass spectrometer’s size but because of the size of what it weighs” 

Gary Siuzdak- Head of the Scripps centre  for metabolomics and mass spectrometry at La Jolla USA



LC/MS Total Ion Chromatogram (TIC) of mouse liver

Dimension 1 = retention time

in
te

n
s

it
y

D
im
e
ns
io
n 
2

Time (min)

300

200

400

100

m/z

Recording LC/MS data

LPL
CER, SM

DG

PL

TG CE

Lipidic fraction
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Data processing: from 3 to 2 dimensions

Data in 3 dimensions

Want et al, J proteome research, 2007, 6, 459-468

Selection of ions Signal alignment

INPUT

Data in 3 dimensions

OUPUT

multivariate 

analysis
univariate 

analysis

XCMS free download software



(contrary to transcriptomics and proteomics) 

Metabolite identification relies on the 

analyst’s expertise 
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RNA

protein

1. Type of chemical entity

Process dataset

2. Record data and processing

metabolite

Search algorithms  

match experimental 

sequences  to 

sequences from a pre-

defined database 

3. Identification

Automatic

Search spectral 

databases, build in-house 

metabolite library, use 

literature, etc.,

Not automatic
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Metabolite identification
• In-house built databases

• Literature

• 2D NMR spectra or MS/MS analysis followed 

by consultation of web-based databases

NMR
• Spectral database for Organic Compounds (SDBS) 

http://sdbs.db.aist.go.jp/sdbs/cgi-bin/cre_index.cgi

• Human metabolome database (HMDB) http://www.hmdb.ca/

• MZedDB the Aberystwyth University High Resolution 
Mass Spectrometry Laboratory database
http://maltese.dbs.aber.ac.uk:8888/hrmet/search/addsearch0.php

• METLIN MS/MS metabolite database 
https://metlin.scripps.edu/landing_page.php?pgcontent=mainPage#

MS
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Metabolite identification
• In-house built databases

?
???

??

?

?

??

1H NMR spectrum of an aqueous extract of mouse liver 

acetate

acetate std

glutamine std

glutamine
glutamine

acetate stdalanine std

alanine

lactate std

lactate

\

isoleucine std

isoleucine

\

leucine \
leucine

leucine std

\\

valine

valine std



30

Metabolite identification
• Literature

1H and 13C chemical shifts of metabolites identified by 2D NMR in faecal samples

Le Gall et al, Metabolomics of Fecal Extracts Detects Altered Metabolic Activity of Gut Microbiota in Ulcerative Colitis and Irritable Bowel Syndrome, 

J proteome Res 2011, 10, 4208-18

metabolites indexed in a table
metabolite identifiedmetabolite identified 1H chemical shift1H chemical shift 13C chemical shift13C chemical shift



Human Metabolome Database :Experimental : 2D NMR HSQC spectrum of a selected sample

filtrated blood plasma

31

Metabolite identification

1.46 ppm /19.0 ppm

doublet 
1.46 ppm

13C

1H

What is it?

= alanine

alanine 
1.46 ppm

List of candidate compounds with matching 1H and 13C 

chemical shifts (1.46-19ppm):

alaClick on L-alanine
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List of metabolites

//

Metabolites detected in 1H NMR spectra of faecal extracts

Key to metabolite class

index Compound

index 

(ppm) type/function chemical class multiplicity

average 

(mmol/kg)

1 Butyrate 0.89 product fatty acid t 2.23

2 Acetate 1.9 product fatty acid s 110.35

3 Propionate 1.05 product fatty acid t 10.30

4 Isobutyrate 1.05 product fatty acid d 1.10

5 Isocaproate 0.87 product fatty acid d 0.14

6 Isovalerate 0.9 product fatty acid d 0.40

7 Fatty acids C6 and over 0.85 product fatty acid t 2.57

8 Lactate 3.1 product fatty acid q 15.59

9 Lactaldehyde * 1.37 product aldehyde d 3.98

10 Acetaldehyde 9.67 product aldehyde q 0.07

11 Propylene glycol 1.13 product alcohol d 9.28

12 2,3-Butanediol 1.13 product alcohol dd 4.62

13 Ethanol 1.17 product alcohol t 90.99

14 Methanol 3.35 product alcohol s 0.64

15 Formate 8.46 product alcohol s 2.53

16 2-Hydroxyisovalerate 0.82 intermediate product of branched amino acid fatty acid dd 0.26

17 3-Methyl-2-oxovalerate 1.09 intermediate product of isoleucine fatty acid dd 0.20

18 Indole-3-lactate 7.5 intermediate product of tryptophan fatty acid d 0.18

62 Succinate 2.39 substrate energy related acid s 14.50

63 Pyruvate 2.36 substrate energy related acid s 0.72

64 Pyruvic acid hydrate 1.46 substrate energy related acid s 5.35

65 Adenine 8.18 substrate / product nucleobase,side,tide s 1.88

66 Adenosine monophosphate 8.6 substrate / product nucleobase,side,tide s 0.03

67 2'-Deoxyadenosine 6.47 substrate / product nucleobase,side,tide dd 0.18

68 2'-Deoxyguanosine 6.3 substrate / product nucleobase,side,tide dd 0.08

end-products

sugars

amino acids

osmolytes

energy related acid

nucleobase,side,tide

pyridine

78 Uridine 5.89 substrate / product nucleobase,side,tide dd 0.04

79 Uridine monophosphate * 5.98 substrate / product nucleobase,side,tide dd 0.04

80 Xanthine * 7.83-7.87 substrate / product nucleobase,side,tide s 1.80

81 Nicotinate 8.93 vitamin B3 pyridine bs 0.10

//
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metabolite profiling of 

obese mice

Case Study

KOWT
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Phenotype

KO obese KO morbidly obese

0

0.5

1

1.5

2

2.5

WT KO WT KO

F
a

t 
d

e
p

o
t 

w
e

ig
h

t 
(g

)

normal diet

high fat diet

Visceral depot
(epididymal)

Normal diet

High fat diet

faeces collection for 1H NMR analysis

WT KO

n=16 n=13 

WT KO

n=3 n=3 

WT KO

n=10 n=7 

WT KO

n=19 n=32 

time

week 6 week 11 week 30

1. Faecal profiling (NMR)

characterise  and compare the metabolic profiles of WT and obese mice (KO)

KOWT

KO: Knock-out

sample: Faecal pellets //

Study 

design



11 weeks

p 0.13

The same phenolic compound 

has low levels or is absent with 

high fat diet 35

Data analysis - normal diet
30 weeks old mice

PLS-DA- score plot PLS-DA- score plot

11 weeks old mice

KO n= 32

WT n= 19
KO n= 3
WT n= 3

PLS-DA- score plot

6 weeks old mice

KO n= 13
WT n= 16

S
e
le
c
ti
v
it
y
 R
a
ti
o
 f
o
r 
Y
 1

PLSDA- marker plotHigh fat diet

Results

Metabolite plot

In GraphPrism software

6 weeks 11 weeks 30 weeks
p 0.03 p 0.10 p <0.0001

A phenolic compound with higher levels in faeces of KO mice

1. Faecal profiling (NMR)



36

Normal diet, 30 weeks mice

S
e
le
c
ti
v
it
y
 R
a
ti
o
 f
o
r 
Y
 1

PLSA- marker plot

7.22

6.86

6.79

6.75

3-hydroxyphenylpropionic acid (3HPPA)

A common compound found in faeces of dietary origin (from plants)

Gavaghan et al., Directly coupled high-performance liquid chromatography and Nuclear Magnetic Resonance Spectroscopic with chemometric studies on metabolic 

variation in Sprague-Dawley rats Anal. Biochem. 2001, 291, 245-252

2.84

2.48

//

ppm                   

Raw data: 1H NMR spectra of faecal extracts

7.22

tyrosine

histidine

tyrosine

6.856 6.79
6.75

KO n= 32 // //

2.84 2.48

WT n= 19

1. Faecal profiling (NMR)
Results
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Data analysis - high fat diet

PLS-DA- score plot

11 weeks old mice

KO n= 7
WT n= 10

11 weeks

p 0.0001

Metabolite plot

S
e
le
c
ti
v
it
y
 R
a
ti
o
 f
o
r 
Y
 1

PLSDA- marker plot

6 weeks 30 weeks

p 0.18 p <0.0001
11 weeks

p 1.00

Metabolite plot

A tauro-conjugated bile acid with higher levels in faeces of KO mice at 30 weeks of age or with high fat diet

Normal diet

KO

WT
30 weeks

30 weeks
11 weeks

11 weeks

ppm                   ppm                   

6 weeks

6 weeks

Raw data: 1H NMR spectra

triplet at 3.07 ppm -

tauro-conjugated bile acid

triplet at 3.07 ppm -

tauro-conjugated bile acid

lipids

triplet at 3.07 ppm -

tauro-conjugated bile acid

KO

WT

11 weeks

11 weeks

tauro-conjugated bile acid

Raw data: 1H NMR spectra

ppm                   

tauro-conju

gated bile acid

1. Faecal profiling (NMR)
Results
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collection for LC/MS analysis

WT KO

n=5 n=5 

WT KO

n=5 n=7 

week 11
Study design:

Normal diet

High fat diet

time

week 6

diet starts

2. Lipidomics (MS)

characterise  and compare the metabolic profiles of WT and obese mice (KO)

KOWT

KO: Knock-out

sample: liver extracts //

Study 

design



Lipid composition in tissues

visceral fat

TG

PC

PE ethers

PE

SM

LPCs

liver

TG

PC

PE ethers

PE

SM

LPCs

serum

TG

PC

PE ethers

PE

SM

LPCs

3%

75%

18%

4%

61%

23%

4%

2%

2%

99.1%

in humans and mice

• Adipocytes = Triglycerides

• Serum = Triglycerides; Phospholipids, Shingomyelins

Part 1

39

• Liver = Triglycerides; Phospholipids, Phophoethanolamines
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2. Lipidomics (MS)
Results

• Analysis of blood plasma (not shown) revealed a depletion of TGs in KO mice under high fat diet
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 2
 (
1
6
.9
5
%
)

Data analysis
S
c
o
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s
 o
n
 P
C
 2
 (
1
6
.2
1
%
) High fat diet

PCA- score plot

KO n= 7
WT n= 5

Normal diet KO n= 5
WT n= 5

PCA- score plot

Lipids in the liver
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p value 

0.15

p value 

0.005

**

** p < 0.01

• Except for cholesterol esters which consistently had lower levels

• The levels of most lipid species were elevated in KO mice under high fat diet
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J Lipid Res. 2010 51:1101-1

Proposed model

KO mice may have 

microbiota that increases 

the triglycerides (TGs) 

clearance in blood 

resulting in enhanced TGs 

storage in the liver and the 

adipose tissue  
We see these 

trends with 

the KO mice
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• These results  and lipidomic analyses support the hypothesis that the 

microbiota is involved in generating the phenotype of KO mice (obesity)

• High fat diet appears to exacerbate the phenomenon

Acknowledgements

Simon Carding, Louise Wakenshaw, Magali Sarafian and Ian Colquhoun, Institute of Food Research  

KOWT

Summary

• The levels of 3-hydroxyphenylpropionic acid (3HPPA) and a tauro-

conjugated bile acid were higher in the faeces of KO mice



Microbes

Bacteroides

thetaiotaomicron

Rumminococcus gnavus

Clostridium botulinum

Plants / Food

green tea

Arabidopsis thanalia

broccoli

tomato

Mammalian/Animal Systems

mammalian model

In vitro modelHuman interventions

43

Other examples of studies at IFR

yeast screening for  added-

value compounds

Clostridium botulinum – phylogeny
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C botulinum spores

Characteristics

as little as 30 ng of neurotoxin sufficient 

to cause illness and even death

Botulinum



Clostridium botulinum at IFR
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Aim in paper: classify the strains in Group II 

Clostridium botulinum

Substrates (sugars)
C

lo
st

ri
d

iu
m

 b
o

tu
li

n
u

m
 s

tr
a

in
s

46

Orange = 

pH drops

1. Classification based on growth 

on substrates
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Samples:

• Strains type B, E and F

• Substrates were  the medium alone (control), medium + inositol, melizitose, amylopectin, amylose, 

glycogen, xylitol, levan, pullulan, chitosan, glucose, ribose and maltose 

Next: identify compounds that classify the 

strains in Group II Clostridium botulinum

Results:

• Metabolites detected: 

acetate, butyrate, propionate,   

formate, fumarate, propanediol,

trimethylamine, 5,6-dihydrouracil

and maltose

• 428 1H NMR spectra of spent 

medium were recorded

Glucose - control

Glucose – strain 31-30

0.90butyrate

1.56butyrate

1.95
acetate

2.17
butyrate

isoleucine, 

leucine, valine
ethanol

lactate

alanine

acetate lysinemethionineglutamate
glutamine

succinate

1 H NMR SPECTRA

ppm

Origin of trimethylamine: Stickland fermentation

(oxidation and reduction of amino acids to organic acids )

amino acid+ 2 betaine + 2 H20 acid + CO2 + NH3 + 2 trimethylamine + 2 acetate

APPLIED AND ENVIRONMENTAL MICROBIOLOGY, Feb. 1983, p. 474-483
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Orange = pH drops

butyrate and formate

acetate and propionate

acetate and butyrate

acetate and butyrate

acetate, butyrate and 

propionate

The acids responsible for the pH drop were acetate, butyrate, formate and propionate

Compounds that classify the strains in Group II 

Clostridium botulinum



-6 -4 -2 0 2 4 6 8 10

-4

-2

0

2

4

6

8

Scores on PC 1 (41.82%)

S
c
o
re

s
 o

n
 P

C
 2

 (
1
7
.9

1
%

)

 glycogen

 chitosan
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 amylopectin

 no sugar
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 no sugar  maltose
 maltose
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 inositol no sugar

 glucose
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 glycogen
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 inositol
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 no sugar

 no sugar
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 maltose

 chitosan

 pullulan

 pullulan

 no sugar
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 no sugar

 melizitose

 inositol
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 ribose maltose
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 chitosan

 glycogen inositol

 glucose
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 maltose

 amylopectin

 chitosan

 melizitose
 inositol
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 glucose
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 maltose
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 melizitose

 inositol
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 no sugar

 amylose

 xylitol
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 pullulan

 chitosan
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 glucose
 glucose

 ribose

 maltose

 maltose

 pullulan

 chitosan

 amylose
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 levan

 no sugar inositol

 melizitose
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 amylopectin

 glycogen

 levan

 levan pullulan

 chitosan

 ribose

 maltose

 inositol

 melizitose

 amylose
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 glycogen
 xylitol

 xylitol levan
 levan

 pullulan

 chitosan

 chitosan

 no sugar

 glucose
 ribose

 maltose

Samples/Scores Plot of data

PCA on 428 1H NMR spectra

Coloured coded 

according to 

substrates

PC1 reflects an increase fermentation (butyrate and acetate) on glucose, ribose, maltose

Multivariate analysis on 1H NMR data
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PCA on 428 1H NMR spectra

Multivariate analysis on 1H NMR data

PC2 reflects an increase in trimethylamine and dihydrouracil levels for clade 3



PC3 (not  shown): separation due to adenine levels

PC4: separation due to propionate levels
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Multivariate analysis on 1H NMR data
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PC6: separation due to methanol levels
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PC5 (not shown): separation due to maltose levels

PC7 (not shown): separation due to propanediol levels
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PCA on 428 1H NMR spectra
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The National Collection of Yeast Cultures 

(NCYC) at IFR

• One of the research projects at IFR is sequencing the genomes of a collection of yeast 

strains, to help unlock the great biodiversity within yeasts to produce biofuels and other 

chemicals more sustainably

The National Collection of Yeast Cultures (NCYC) is one of the largest yeast collections in 

the world, making it a valuable resource for academics as well as industry

• We also decided to screen metabolites produced by the yeast strains
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1H NMR spectra of spent medium

ethanol

lactate

lactate

glucose

acetate
succinate

glucose

glucose

Overview

• The spectra are dominated by signals from ethanol, glucose (substrate), lactate, succinate and acetate

ppm

• In total 61 metabolites were found in yeast spent medium

ethanol

ethanol

butanediol

isoamyl alcohol

isopropylmalate

valine valine

isoleucine

leucine
leucine

isobutyrate
2-oxoisobutyrate

isobutanol

propanol

2-methyl-1-butanol

2-hydroxyisovalerate

2-methyl-1-butanol

isobutanol

isoamyl alcohol

propanol

ppm

• But many low levels metabolites are also detected

Region 0.70-1.70 ppm   

• The entire NCYC collection was screened by 1H NMR (3552 spectra) 
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Aim1: detecting high value bio-based chemicals

http://www.biofuelsdigest.com/bdigest/2016/01/13/the-30-hottest-biobased-molecules-for-2016/31/in red: seen in the yeast spent medium 
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Aim 2: Producing biofuel and added value products 

from biomass 

• Biofuels

• high value products

Biorefinary at IFR:

Fundamental science and knowledge to 

process biomass conversion (including food 

waste) to produce fuels, power, heat, and 

value-added chemicals from biomass
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Metabolomics is

• Versatile:  any type of sample, only 400 μl or 20 mg of material 
needed

• Quick: NMR, a profile in 10 min for the main (60-100) 
compounds; MS, a profile in 30 min for 20-400 compounds 

• NMR, great for screening large cohorts of samples, high 
through-put automation; MS, very sensitive, and fairly 
automated

• The metabolite identification is expertise-based but once the list 
of IDs is there, some degree of routine analysis can be 
implemented

• Quantitative: easier to compare with the literature
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Last words
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