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Historic - Metabolomics

One of the first
publications on
metabolic profiling
using high-
resolution *H NMR
(1984)

TH NMR spectrum of a urine extract

L
4 a 1 5/ppm
Fig. 1. 400 MHz 'H NMR spectrum of normal human urine containing 100 mL 2H.O per liter

Upper: aromatic region; Lower, aliphatic region. Thesa spectra are the result of 232 accumulations at 24 °C, using a 60 * puise, 9.7-s Interval between pulses, and 16 384

data points. The water rescnance was by 1o a 1-Hz line broadening was appiied. Abbreviations
for peak assignments are given in Table 1; N-Me peaks are probably methyl from such as ioneine, betaine, camitine, and choline; u =
unassigned resonances

CLINICAL CHEMISTRY, Vol. 30, No. 3, 1984 427

Jeremy Nicholson from Imperial college, London, UK pioneered the use of NMR to analyse
metabolites in biological systems
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Definition - Metabolomics

Metabolomics = detection of many metabolite features then
looking for differences in groups of samples

1.Samples 2. Record 3. Process dataset 4. Analyse/Model 5. Interpret the

chemical data data/ldentify results
Group 1

groupl ' SRS = —— == ial
e - =_@® o - u Ear 0%

=m
=m
=

group2

Scares on LV 3{3.11%)
=1

Group 2
h - .lf
= hn 035 : - :
= i E Yol BScresonL‘JHﬂ‘l?‘iL} 3
=1
NMR = 50-70 metabolites
(central metabolism)
Metabolite= low molecular weight PubMed hits:
compound (< 1000 Daltons) metabolomics = 14500
metabonomics = 15000

(Dec 2016)
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Technical platforms

Nuclear Magnetic Resonance Liquid Chromatography/ Mass Spectrometry
(NMR) (LC/MS)

UPLC/MS-QTOF LC/MS-TOF LTQ Orbitrap

| \ " l : ; . ';. "“'
o ! e 31

Untargeted
Metabolomics

TOF: Time-of-Flight

Targeted
Metabolomics

oL LApL

T ——
1 H0E

I
| B

QQQ: triple quadrupole

Gas Chromatography/ Mass Spectrometry (GC/MS) (not shown)
Capillary electrophoresis / Mass Spectrometry (CE/MS) (not shown)
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Why metabolomics?

wellbeing

Frankie Mullin

Sunday 24 August 2014
17.30 BST

jobs dating more~ UK edition -

Mapping our lives: the importance of
lifelong health studies

theguardian

website of the year

Longitudinal health studies follow subjects from *‘womb to tomb’ to create a
fingerprint of a healthy human. And there is one thing that has a huge impact on
our wellbeing

To profile
bioflluids and
correlate to
phenotypes

@ Written on the bady: genetic and molecular data is collected from thousands of individuals. Photograph: Alamy

“Metabolomics [the study of cellular-level chemical processes] now allows us to

get 300 measures from a sample, whereas we once got two ot three. We’re hoping

this will allow us to better understand the biological pathways to illness.

However, we still have to ask the right sort of questions.” 6
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Wh tabol i
y metabolomics?
Medical
LCLLLIEl | eading science for better health
MRC Council

Metabolism 'rewiring’ can lead
to aggressive lung cancer

24 Feb 2018

Scientists have discovered that lung cancers with extra copies of a
cancer causing gene-defect ‘rewire’ their energy supply, helping
them to survive and making them more likely to spread.

To elucidate biological mechanisms

Researchers at the MRC Cancer Unit at the University of Cambridge studied
lung cancers with mutations in their Kras genes, which are found in around
30 per cent of adenocarcinomas - the most common type of primary lung
cancer. They found that the number of copies of Kras mutations had a
profound impact on the disease, as those with extra copies undergo a

change in their metabolism.

Lung cancer cells with extra copies of Kras mutations increase their uptake
of glucose - the major energy source in the body - and show alterations in
the way this sugar is processed. Changes in glucose metabolism are a well-
known cancer trait but this study revealed that cells with extra copies of
mutant Kras utilise glucose differently from those either with a single

mutation or normal lungs.

This metabolic “rewiring” enables these cells to cope better with certain
cellular stresses but also means that they have unique metabolic needs that
can be exploited therapeutically. Since an increase in the number of copies
of Kras mutations were associated with more aggressive tumour features,

such as the ability to spread, the therapeutic implications of the study are

particularly appealing.

Kerr et al, Mutant Kras copy number defines metabolic reprogramming and therapeutic susceptibilities, Nature (2016), 531, 110-113 7
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Mammalian/Animal Systems

Scientific areas
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Human interventions

-

In vitro model
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Plants / Food

ﬁQuadram
Institute

Science 4 Health ¢ Food ¢ Innovation

Microbes

/

1K

tomato

o

broccoli

b '.|"‘ I1|: i

(4

.

Arabidopsis thanalia

I L""_' -‘" ,l
‘3%, S,
"-\-.-..--"

green tea

Iy ;i;
-

Bacteroides
thetaiotaomicron

2N

Clostridium botulinum

s

4 A

Rumminococcus gnavus

/

|\ diet ! . V/ !
disease/ _ ' .
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health epidemiology  equivalence  (StUdY © metabolism
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targets versusfcozvc;ntional classification with host
oodas
* environment
stimuli (stress,
8

nutrients)
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Aqueous Metabolites

NMR: detects any molecule containing *H nuclei but not sensitive
MS: low detection limit but some molecules not detected

Primary metabolites: Secondary metabolites:
(all living systems) (plants, fungi)
Amino acids Organic acids Osmolytes Alkaloids
I|_| A /ﬁ\ \N/+ (lFl)’
T AN ~~-T"0H
N on R™ “OH O oH
R
Sugars Amines Nucleosides
OH 0
e 0 @ New,, NH
"Ro ~, R N\ fi&
*  OH H oV ©

OH

Phenolic compounds, Flavonoids
OH OH
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Lipids
measures total TG,
cholesterol, PC and SM

MS detects 100s of individual lipids — screens neutral and phospholipids

Neutral lipids

(0]
Monoglycerides (MG) Rl)LO/Y\OH
0 OH 0
Rl)l\o/\l/\)'L

D
Triacylglycerols (TG) R: OAJ)/\OJL
D@

o

Diglycerides (DG)

Cholesteryl esters (CE) o

Main radicals R:
palmitic (C16:0) —» Ho/l\/\/\/\/\/\/\/\
stearic (C18:0)
oleic(C18:1) —— HO
linoleic (C18:2)

linolenic (C18:3) —» HOMM/M

—QO

T

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

Phospholipids
0
Glycerophospholipids (PL) & Rl)L
phosphatidylcholines (PC)
phosphatidylethanolamines (PE)
phosphatidylserines (PS) i (LPC)
phosphatidylino'sitols (PI) o I
Phosphatidic acids (PA) O__r
1

phospho
group

o Y o~
O\n/Rz
Lysophospholipids

(0]

Ceramides (CER)

O=<R1 v
NH
HO\/H/\\/\/\/\/W\/

Sphingomyelins (SM)

v R

ol

NH
phOSphO/O\/erV\/\/\/\/\/\/

group OH
OH
Phosphogroups: o ,/P\/O
/O\/\ 7/ /O\/\ / / 5 f H -
y inositol O O
//P\ /N\ //F\ /N{"3+ //P\ /Ni O/KO- phosphate
phosphochollne phosphoethanolamlne phosphoserme phosphoinositol ~ group in PA
10
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NMR: quantitative

1H spectrum of a faecal extract in Chenomx software

butyrate
TSP
(reference
compound)
butyrate [
|
butyrate "
propionate I
lactate ,“\
|
. |
propio ethapol |
i
@ \ i
s ) J A o 3 w s e ol
T T T T T T T T
2.2 2.0 1.8 1.6 1.4 1.2 1.0 0.8 0.0
Compou;d Tame Concentration {mi) Maximum {m) i &
Butyrate 2.3008 2.2342 ]
Ethanol 0.4304 0.4248 [ ]
Lactate 0.4091 0.3921 [ ]
Propionate 0.7498 0.7538 [ ]

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 *H NMR spectrum

11
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MS: quantitative

Meat Authentication via Multiple Reaction Monitoring Mass
Spectrometry of Myoglobin Peptides

Andrew D. Watson, Yvonne Gunning, Neil M. Rigby, Mark Philo, and E. Kate Kemsley*

Analytical Sciences Unit, Institute of Food Research, Norwich Research Park, Norwich NR4 7UA, United Kingdom

752 - 1269

25000 e 5% 10% 20% 50% 80% 90%
—752 248 o i e i e i i
20000 Tt il 5
—752 > 1366
O 15000 B z
— 752 = 1269 (0% horse) 23
Q
2z —» ¢
7} 2
C 10000
[} "
E 1
= LA U
5000 15 12 125 13 115 12 125 13 115 12 125 13 115 12 125 13 115 12 125 13 115 12 125 13
Figure 4. MRM transition intensities versus retention time for different mixtures of horse in beef, ranging
0 — from 5% to 90% horse (w/w). Anal. Chem. 2015, 87, 10315—10322
10.5 11 11.5 12 12
Retention time (minutes)
Figure 1. MRM transition intensities versus retention time for 1% w/w horse in beef. 120
. The marker peptide is HPFGDFGADAQGAMTK. > (@©
J Vis Exp. 2016, 115, 54420, 1-7 a2 ¢ 100
£ ©
Xx 80
©
]
3 2 60
€5
gz 40
v v
—_
52 20
T s
0 T

0 50 100
Horse in beef, % by weight

Figure 2. Plot of horse in beef, as percent weight for weight, versus
horse in beef as percent transition peak area. J Vis Exp. 2016, 115, e54420, 1-7 12
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TRIPLET
butyric
2.14 ppm

2H

QUADRULE
propioni¢.

1H spectrum of a faecal extract

TRIPLET OF

QUADRUPLETS
butyric
1.55 ppm

2H

T
1.4

DOUBLET

lactate
1.32
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structural elucidation

TRIPLET
butyric
0.88 ppm
"
3H
TRIPLET
propionic
TRIPLET ™) 0 bom
ethanol

1.17 ppm
o

3H

A

1

o's X axis (ppm)

1.0

i

1

1 11

11
121 |
1331

Each compound can have one or several chemi

I\/Iultlpllcity number of neighbours + 1 |
The peak intensity distribution follows the patt%arn of numbers in Pascal’s triangle
' 121

121

T T
1.8 1.6

Ca

For example butyric acid has 3 chemical shifts |
Interactlons with neighbouring protons result i m the splitting of NMR peaks.

1
11
121
1331
14641
15101051

=
[y

| groups or chemical shifts (location on

the X axis)
;' “sees” 3 and 4= TRIPLET
OF QUADRUPLETS 1.55 ppm

“sees” 3 = TRIPLET
¢ 2.14 ppm
0

1
11 2H .
. /\ZQJ\OH butyric

1 | | | / 0
11 3H
121 “sees” 2+1 \ZﬁJ\OH

propionic
|1 =TRIPLET 3y

0.88 ppm \/OH ethanol

2H (not shown)

OH

lactate

OH

3H m 13

(not shown) 0
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MS: structural elucidation

e Analysis of fragment ions

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

x 10° x 10°

8 3 : . ; 35 : :
Horse a3 .| Beef s nenhssmss ki
a . . . Ve k
: <21 ' 315
2]
4
£ X 1.54 Ve W
horsbetsssidon N beef TP S
_ 2 L
@ 043
b3y @25[ 690  gq9 l 0.5 471 . £ .
2ol %P L) 2 .| ol 355 | Yerf7or | o7 ge79%S
a e . . ; ; B 1 A : . , :
S :
£ |Pork a8 Lamb 35
= :)
al
4
2 3
: ; vy [ ki
1 pork . a1 [ lamb
456 1 At : ;
@, | ™ 1 935
5 1 912 7326 901 697 ‘ & 355 1 7e7),' | 697 887, |
0 5 10 15 20 25 30 0 5 10 15 20 25 30

Retention time (minutes)
Figure 2. MRM transition intensities versus retention time for horse, beef, pork, and lamb reference myoglobins
Some peptides are shown to be common to more than one species, but others are candidates for differentiation between species.

Circles: ions specific to each species Anal. Chem. 2015, 87, 1031510322

* |on accurate mass

14
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NMR advantages

Simple sample preparation Bﬂn % !

Robust automated recording (repeatable) .,

\

TSP (reference compound)

High-throughput (up to 100 samples /day)

Quantitative

Can detect any metabolite of concentration ™:*"
above 50 uM, sometimes lower (5 uM) A

Structural elucidation of unknown —
compounds ]

unknown triplet at 2.63 ppm. 15
Structure = Y-CH,-CH,-X

0 1.5 F1[ppm]
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MS advantages

e Sensitive (down to 5 nM or lower)

] ] Time-of-Flight ~ Orbitrap
e Structural elucidation of unknown 145.014 145.0143

compounds (fragments, accurate mass) |

2-Ketoglutaric acid C;H,O [MH]+ theoretical mass 145.0137 i 050
| 1145.05
Glutamine C;H,,N20; [MH]+ theoretical mass 145.0613 | 1 145*-%519
= S e

e Simple sample preparation ﬂﬂﬂ ﬁﬁﬁ

 Automation (needs checking)

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

16
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Sample extraction

Options: Lyophilise Homogenise Dilute
plants, fruits, SR meat urine plasma
vegetables AN ' faeces

Broccoli

+
pestle and mortar liquid nitrogen —
. . Phosphate
mammalian tissue buffer

weight tissue glass beads biphasic extraction with
methanol, water &chloroform

— =W

Keep on ice Homogenise Extract tissue with ice vortex mixer
cold solvents

Example: (dry) (dry)
a set of Arabidopsis extracts in NMR tubesinarack  add (reconstitute in) Add (reconstitute in)
deuterated solvent solvent
MS glass vials
nmr tubes

17

Adapted from "Metabonomics" in the series Methods in Molecular Biology, published by Humana Press, USA —2015, 15-28
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NMR, how does it work?

Nuclef out o.f the Nuclei placed in a Excitation Resonance Relaxation
magnetic field magnetic field
Energy Bo
+ /f\/ﬁ/l\ Spin states -/, AN A fi\fl\fh
N

AN Y
NSNS

an
Ww\l/ > less stable state $
A

$ % Spin states %/, @\) /]\\/ A\ dAhVa <T>$ 1\@
Degenerate level for L C/b » more stable state g \I/ \l/k/ o W \P

spin states ¥/, and - Y,

Electromagnetic
FID NMR signal radiation (pulse) NMR spectrum

(Free induction decay) (Hz then ppm)

|:> |..',., Fourier transform

18
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NMR equipment

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

_ ol “‘J“’y p e
—r . A TS
=2 _GO-Wr autosampler

(B
—-7\&

NMR console

PC with TOPSPIN

Software for data

recording and
processing

lead to cryoprobe
transporting gas helium
at -253°C (cooling
electronics)

“L i i " oy 1. o . / e | S i —
o - > v, Ly iof irgd < |

-~ Cryoprobe

|5 - ! N i e L. y -
= D ‘ - -
- = L J R 5
- e Aol Sl
¢ : N 'y >, -

t

NMR probe
(inside the

magnet) compressed gas

19
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Acquiring an NMR spectrum

. Snapshot of TOPSPIN software
= Magnet, carrousel and samples in NMR tubes . N

i hp B (6 > m @[T T 40§ LM 1 2 ElEe)7 s e

ﬁQuadram
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Sea

R ——

nmr tube

;;;;

Commands to acquire an *H NMR spectrum

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

. Copy an NMR experiment (set parameters + filename)
. lock (choose D,0)

. atma (tuning)

. myshim (shimming)

O N1 A WINBE

. 28 (acquisition)

7. efp ;apkm (fourier transform, phasing)
8. wpar experiment name

9. iconnmr

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

20
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Processing of an NMR spectrum

Free induction decay (FID)

[ IS .-QE.‘Wu

ly
t
Iy
v | ——— ——

NMR spectrum after FT and phasmg

Tt
Fio £ Vi Emwﬂg Anaiysis Opiions Wingow Help
Doz et JEZ\Nd’ A L i hp A A BE Kl
A) ¢ =y R
g
La
J‘ L 18
‘ Le
ig
1]
! oeml

Eie Eit View Processing aneiysis Options Window Hielp
Uab 3 é SR 2dad 4 A 4
2%
oromser [

ubp A kB

N IPA&RY G- e N F TS

ﬁQuadram
Institute

Science # Health # Food # Innovation

NMR spectrum after Fourier Transform (FT): not phased

A0 TRNNMas NGEJ

ef

o)

NMR spectrum after FT, phasing, baseline correction and
settmg the reference to zero (fmal version)

%

reference compound

21
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Data processing for NMR

bucketing

ZOOM 1H NMR spectra of mouse faecal pellet samples
propionate
Normal diet butyrate lactate ethanol valine Putyrate
1.56 1.32 1.18 ' 0.90 :
- A i Normal diet
i KO mice
W Normal diet
Wy WT mice
. . saturated-long bile acids
High fat diet chain fatty acids 0.73
0:87 0.67

s ——| W VAL - -
}Wigﬁ? ; High fat diet

' oAt o WT mice
Black d6t = variable buckats = | HWW“
o /| wessuen vty s vV}

1.00
1

1.75 1.50 1.25

| | | in AMIX software "7

Al ppm

Metabolic changes associated with high fat diet:

* decrease of the levels of butyrate and propionate
* Signals from saturated lipids and bile acids appear
22
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ata analysis

multivariate analysis Principal Component Analysis (PCA)

2 groups - KO vs WT mice
Raw Data g p Scores Plot

(R 0 - T — - T §
T High fat diet 1|4 KO_Liw_HFD
o . _ Sam ple g 2 |+ WT_11wk_HFD
Ej % comy - Calibri 11 S Wrap Text Gene ﬂ sl —_—
Pt Fomatpainter | B 4 U | - EMerge seCenter - - % 2 | o e 4
Clipboard Font Alignment a Number a
F1 - ¥ | normal diet ro u
Ll i d D S == g - p
2 Sam Ie I D 6weeks Gweeks 6weeks 115 414 cod I n
B p —) > 3 s g
4 KO, before KO, before KO, before +8
" - KO, 2 KO, 3 KO, 4 w M +12
roup coding =% ...
g p magali_HFD_ magali_HFD_ magali_HFD_
L flat 101 flat 201 flat_30_1 = s a m I e
8 068 tauro-beta-muricholic 1153336649 1180052361 1153362251 f p +16
9 070 taurocholic 230662530 194261402 339475701 < o
10| 073 cholic 470749798 303798877 667641794 o] I I D +17
11| 076 bileacid0.76 97570930 113191470 121318102 S sa m p e
12 080 fattyacids0.80 200308112 240295154 160162808 calculation o 8]
13 0.86 fattyacids0.86 357377154 501077027 292278110 & ‘
14 0.89 fattyacidoso 490385899 1325528189 512705738 ﬁ '
15| 0.90 butyric 1820367681 4411689382 1442505946 Al i
16 0.98 [ . . 203504470 '):r.:/l11:11 2121060877 A3 Loading plot
17| 1.00 )
o signal intensity 2
19 107 P 8z bUCKet =i
20 1.11 pha-keto-beta-methyl-N-valerate (keto acid of leucin 18884461 347062931 209441031 | .
Cats S Ml ot ooy anocl289 597229074 290162587
bucket meta bol Ite sffses 415497752 242289368 w | ‘
ofJ018 2475933781 1575283097 : AR
- - off451 947331248 414404412 .
25 3 lacihte 68576@975 2.0274E+10 7593109478
26 do .40 164388443 88843038.9 176448072 b
27 4] alhe 310204765 3893153559 2857773325 T T § 01 [— ezo
28| 156 butyric 505090752 1025148888 475107886 -20 -10 - SHEET
29 165 arg 2334693080 316975536 1355189584 wer
30| 173 lys 666984384 1005103082 596086477 PC 02
31| 180 fattyacid?1.80 05074346 163114151 99531668.2 ik -
32| 1902 acetate 1.33736+10 2.6211E+10 7970817376
33| 2.06 N-acetylcpds 3008724446 5241044274 2514410686 = cenmn
I:/: 3 Nﬁ 1;U3[4_"DS€E|I“Q h”] i G ]
Ready | 04 20

03
0
01 4
o
)
[
0

Loadings 1
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ata analysis
univariate analysis
1H NMR spectra of mouse faecal extracts
Bucket 3.09 ppm —
tauro-conjugated bile acid
Normal diet Metabolite plot
KO micfd' 3.09 ppm tauro-conjugated bile acid
univariate test 4.010°7 ha
— 3.0x10°- 00.10 ‘%‘

2.0>10%

M% High fat diet 1.0x10°-
WT mice ol e - -'I;F-

m‘;ﬁm RS R o Qo
®© +o‘5‘ 4\?

In GraphPrism software

NMR Intensity

24
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Principle of LC/MS

“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

2. Electrospray ionisation

1. Chromatography ha
samples e J,
ERBREER " et P
s, ——— g SR SOUIO " mass analyzer
?::aj’ chromatographic mﬂl\;m ' R ™
column andlor {oge &8 0%
'&Q@;‘; l
e atmospheric K A

pressure vacuum

2. ionisation
Molecules turn into ions

— % +

Mass Analyser 4. Detector
o] u ion detector
+* 4 |
+° + + . ++ +
e o+ 4 ;|-+ +t++++++++ TP

0 +
soAh g
e — \

mass spectrum

. fragments
relative

intensity (%) Mm*

3. Mass Analyser

lons sorted according to their

(M+ and fragments) mass over charge ratio (m/z)

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

Adapted from Mass Spectrometry for Biotechnology, Gary Siuzdak , Academic Press 1996 25
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Recording LC/MS data

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

Lipidic fraction

m/z
400 _» TG

N .- CE

E 300 -
[ - o“ ’/’
K] > A T) Pie CER, SM
[72] = | e
S @ | 200 .- LPL PL |
E 2 e \Jm
5 = e \ f \ U

\v-\_/-"\_,-"\.__,--/\ wﬁj\ﬂ/\hﬁfﬂ’hﬂ ‘f : U\J\‘j‘\_/‘/ \.\'"_""'""

1 1.I29 2.146 3.I64 4.I81 5.I98 7.|15 8:32 9.219 10:99 12:49 13:99 .15:48 16:99 18.'49 19:98 21:48 22:98 24:48 25:98 27:47 28f97Time (min)

=P Dimension 1 = retention time

Data processing: from 3 to 2 dimensions

XCMS free download software

n
Manual evaluation

LC/MS ) ik "
) t”‘ Data alignment Mulpvarla:\ statistics individual

: —_ ] S | —5  motabolite

M Lt ‘g‘“[“l“ {Ee analysis
Ll AMI [l =

) Time (min) 40
. . . . . . . - o . . A 0 Time (min) 360
Data in 3 dimensions  Selection of ions Signal alignment Data in 3 dimensions multlvar!ate univariate

INPUT OUPUT analysis analysis

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

26
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(contrary to transcriptomics and proteomics)
Metabolite identification relies on the

analyst’s expertise

RNA

protein

Process dataset

metabolite

1. Type of chemical entity 2. Record data and processing

Automatic

Search algorithms
match experimental
sequences to
sequences from a pre-
defined database

Not automatic

Search spectral
databases, build in-house
metabolite library, use
literature, etc.,

3. Identification

27
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Metabolite identification

 In-house built databases
 Literature

e 2D NMR spectra or MS/MS analysis followed
by consultation of web-based databases

' @
-

O+

NMR * Human metabolome database (HMDB) http://www.hmdb.ca/
* Spectral database for Organic Compounds (SDBS)

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

MS + MZzZedDB the Aberystwyth University High Resolution

Mass Spectrometry Laboratory database
http://maltese.dbs.aber.ac.uk:8888/hrmet/search/addsearch0.php

e METLIN MS/MS metabolite database

https://metlin.scripps.edu/landing_page.php?pgcontent=mainPage#
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Metabolite identification

1 isoleucine
* In-h built datab
N-Nouse Dul atabases |-
valine
1H NMR spectrum of an aqueous extract of mouse liver
alanine  lactate leucine
) leucine | ¢
glutamine glutamine ¢ U MI"LUML‘
U e Y
| I I I I I I : ' ! | 1 ! | I | I |
25 20 15 10 [ppm’
alanine std JUL
glutamine std
e L
lactate std u
isoleucine std W

leucine std JLL

valine std )
| I I [

25 20 15 1.0 [ppma

Quadram
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Metabolite identification

metabolites indexed in a table

 Literature

metabolite identified

TH chemical shift

13C chemical shift

1H and 13C *emical shifts of metabolit‘s identified by 2D NMR in fae#l samples

metabolite
1 r-btyrate
2 propionate
3 valine
4 leucine
5 woleucine
[ threonine
7 sobutyrate
& wovalerate
9 n-valerate
10 n-caproate
11 n-heptanoate
12 alanine
13 Iysine
14 arginine
15 acetate
16 glutamate
17 aspartate
18 glycine
19 3-phenylpropionate
20 3-(4"-hydroxyphenyl )propionate
21 tyrosine
22 phenylalanine
23 tryptophan

S'H (ppm)

0.90(t), 1.56(m), 2.16(t)

1.06(t), 219 (g)

0.99(d), 1.05(d), 2.28(m), 3.62(d)

0.96(d), 097(d), 1.70(m), L.72(m), 3.74{m)

0.94(t), 1.02(d), 1.27(m), 1.48(m), 1.99(m), 3.68(d)

1.33(d), 3.59(d), 4.26(m)

L07(d), 239(m)

0.91(d), 1.96(m), 2.06(d)

0.89(t}, 1.31(m), 1.53(m), 2.18(t)

0.87(t), 1.20(m), 1.31(m), 1.55(m), 2.18(t)

L3L{m)

1.48(d), 3.78(q)

L.48(m), 1.73(m), 1.91(m), 3.03(t), 3.77(t)

1.70{m), 1.92{m), 3.26(t), 3.77(t)

1.92(s)

2.10(m), 2.36(m), 3.78(dd)

2.69(dd), 2.82(dd), 3.91(dd)

3.57(s)

2.50(t), 2.89(t), 7.27(t), 7.32(d), 7.37(t)

2.45(t), 2.82(t), 6.85(d), 7.19(d)

3.06(dd), 3.21(dd), 3.95(dd), 691(d), 7.20(d)

3.13(dd), 3,29(dd), 4.00(dd), 7.34( m),
7.38(m), 7.44(m)

3.31(dd), 3.50(dd), 4.07(dd), 721(t),
7.28(t), 7.33(s), 7.55(d), 7.74(d)

8C (ppm)*

16.10, 22,14, 42.36

1290, 3349

19.44, 2068, 32,05, 63.50

23,68, 24.90, 26,86, 4244, 56.28
13.81, 1748, 2749, 27 49, 38.82, 62.40
22,14, 6334, 6875

22.26, 40.06

24.83, 2875, 5020

16.0, 24.80, 3092, 40.30

16,0, 33,90, 24.80, 28 49, 40,30
31.20

19.03, 5362

24.38, 2926, 3277, 41.98, 57.37
16,86, 3045, 4325, 57.37

26.10

29.81, 3637, 5760

39.36, 3936, 55.10

4.34

41,96, 34.84, 129,10, 131.20, 131.50
42.40, 33.95, 11822, 132.51

38,31, 3831, 5895, 118,60, 133.66
39.27, 3927, 5895, 1322, 130.5, 131.9

29.25, 2925, 5802, 122.3, 125.0,
1279, 1148, 1214

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
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Metabolite identification

Experimental : 2D NMR HSQC spectrum of a selected sample C“Ck on L-aIanine
doublet

1.46 ppm ) HMDB: [1H,13C] 2D NMR. Spectrum {HMDB0O161) - Windows Internet Explorer N
[&] https/ /v hmdb.ca/spectra/nmr_two_d/1178 [ 42 x = 2ng IO
l—l x Google mzdeb - 2§ Search - 1-ﬁiham‘ More 3 Signln 9, -
i Favorites | 5 @] Customize Links 2§ Customize your Favorites .. ] Free Hotmail (5 Home (@ http--wuw.greatplainsiab... (5 MZedDB %
{ 25|+ | IO Bob Marley - Buffalo soldi.. | € HMDE: [IH13C]2D M. - ~ [ % v Pagev Safetyv Tools+ @~
i ¥ Bvw— J Human Metabolome Database versinso
e i o2 g ——— | i
filtrated blood p|aSma B . . Search: Search type: | Metabolites [~ | [w] h
1.46 ppm /19.0 ppm ‘
»
| HMDB has recently undergone some major changes, if you are experiencing problems please click here to provide us with feedback_
Spectrum i
HMDB ID: HMDBO00161
Compound name: L-Alanine
" | Spectrum Type: [1H.13C] 2D NMR Spectrum
Spectrum View L
Image
Viewer
I'E
=
il 2
O N4
3 \
1
. %
alanine T
1.46 ppm :
1 8
# F2[ppm] F1[ppm]
1 Fi
4 2 1.4803 158.0285
o
L3 -
< I v
/i Done & € Intemet | Protected Mode: Off v R10% -

2.5 2.0 1.5 1.0 [ppm
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Metabolites detected in *H NMR spectra of faecal extracts

List of metabolites

index average
index Compound (ppm) type/function chemical class multiplicity (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
boli | 13 Ethanol 1.17 product alcohol t 90.99
KeY to metabolite class / 14 Methanol 3.35 product alcohol s 0.64
end-products 15 Formate 8.46 product alcohol s 2.53
sugars 16 2-Hydroxyisovalerate 0.82  intermediate product of branched amino acid fatty acid dd 0.26
T 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
osmolytes
energy related acid \ //
nucleobase,side,tide 5 !
o 62 Succinate 2.39 substrate energy related acid s 14.50
it 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
//
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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1. Faecal profllmg (NMR)

Study

dESig“ , ﬂ KO: Knock-out

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

sample: Faecal pellets BB”Q
d b= =]

week 6 week 11 week 30
PN P &—p time Visceral depot
(epididymal)
faeces collection for 1H NMR analysis ,s hlgh fat diet
N I d- t .V y- WT KO WT KO WT KO g 2 normal diet
Orma Ie ; . g 1.5 A
Vo R o4
n=16 n=13 n=3 n=3 n=19 n=32 EO.S | -
High fat diet j& WT KO °

‘ ‘ . mK m K

10 ey Phenotype ! g
bese
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1. Faecal profiling (NMR)

Data analysis - normal diet

Results

6 weeks old mice
PLS-DA- score plot

The same phenolic compound
has low levels or is absent with

11 weeks old mice
PLS-DA- score plot

In GraphPrism software

Scores on LV 2 (12.48%)

30 weeks old mice
PLS-DA- score plot

: : :
201 o | KO n=32 |
¢ ® WT n=19
107 Y {0 | B 1
0’ I D;f.
oF———= - - ———
Y L ol ?gﬂ 0
a0t . EC“ ma®
|
-20 | . | . .
-20 -10 0 10 20
Scores on LV 1 (10.03%)
PLSDA- marker plot
1.2 . . :
o 6.738
-
2 087 6.790 2.850
“(B' .
o
Ey
=
3
&

A phenolic compound with higher levels in faeces of KO mice

< 207 |:' B KO n=13 2 I KO n=3
G 10} - ¥ |
~ ‘0 1 . ® N " ¢
> oF——— — —mg— — — > 0F———- T T 7]
& ' o s -
(7 L ’ m
O | (o]
w
-20 | * . I .
-20 -10 0 10 20 -50 0 50
Scores on LV 1 (14.86%) Scores on LV 1 (43.93%)
High fat diet i Metabolite plot
bucket 6.86 ppm ! bucket 6.86 ppm
i 1.0x10°
1.0x10%1 ' 6 weeks 11 weeks 30 weeks
I 11 weeks | : s ortos J voos | |p<o.ooo1
> 80x10%] oz T e *e*
= v g
S 5.0x1084 | £ 6.0x10% . oot
"g [ ] : :.E hd | ‘&’ L]
r 4.0x10: | 4.0x10% _I_ A
2 _ i s 20010] *%*" ﬁ.-.. i 0’: e’
2.0x103+ [ h L0105 -
—WL_ ? : .. '.# v »
0 T T : 0 T T T T T T

high fat diet
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Results

Selectivity Ratio for Y 1

PLSA- marker plot

1.2

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

Normal diet, 30 weeks mice

Raw data: 'H NMR spectra of faecal extracts

ﬁQuadram
Institute

Science 4 Health ¢ Food ¢ Innovation

3-hydroxyphenylpropionic acid (3HPPA)

HO
6.79 2.48

6.86 284 M
722 6.75

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

variation in Sprague-Dawley rats Anal. Biochem. 2001, 291, 245-252
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Scores on LV 2 (11.47%)
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-

Food Research

1. Faecal profiling (NMR)
RESU":S Data analysis - high fat diet

11 weeks old mice
PLS-DA- score plot

I
¢ WT n=10
I
. P
U "R 'Y S
I
e
o
| ¢
. | .
-20 0 20
Scores on LV 1 (25.74%)

PLSDA- marker plot

N
o

w
o

N
o

o-a %‘%0? gfﬁém.m B
0

309 tauro-conju
gated bile acid|
3.07

©1.80

®3.56

100 200

Variable

300

Raw data: 'H NMR spectra

triplet at 3.07 ppm -
tauro-conjugated bile acid

NMR intensity

\/

Metabolite plot
bucket 3.09 ppm
4.0x10°+ 11 weeks
P p 0.0001
3.0x108- %
2.0x10° ot
1.0x10°
0 . Spupenpues
&® &

NMR intensity

Quadram
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Normal diet

Raw data: 'H NMR spectra

triplet at 3
tauro-con

il

i

!

.7 ppm -
il'- d bile acid

Metabolite plot
bucket 3.09 ppm
2.0x109+ *3
11 k: 0 weeks
15100 6 weeks weeks l—]2<0.000=
+*
%
1.0x109 -
+,*
’0:.0 ®
5.0:102+ " b4
71 . %I
0 T T T T T
N R S U

A tauro-conjugated bile acid with higher levels in faeces of KO mice at 30 weeks of age or with high fat diet
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2. Lipidomics (MS)
Study W1

KO
deSig“ , ﬂ KO: Knock-out

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

sample: liver extracts EB//E
S b =1

week 6 week 11

Study design: I

= &— » time

diet starts collection for LC/MS analysis

WT KO

v

n=5 n=5

WT KO

v

n=5 n=7

Normal diet

High fat diet j&

ﬁQuadram
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Lipid composition in tissues

in humans and mice

visceral fat liver serum

o A% 2%
BTG \ BTG ‘
mpPC mPC

M PE ethers M PE ethers

BTG

mPC

M PE ethers

m PE

N PE N PE

B SM

mSM mSM

M LPCs

W LPCs W LPCs

e Adipocytes = Triglycerides

* Liver =Triglycerides; Phospholipids, Phophoethanolamines

e Serum = Triglycerides; Phospholipids, Shingomyelins
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2. Lipidomics (MS)

Lipids in the liver

Results

Data analysis

Normal diet

PCA- score plot Normal diet
< Normal diet \',<VC_)I_ n= 5; 120000000 - 600000 1
[Te] = 4
o 50 - : f >. 100000000 - HKO mWT z 00000 WKO  mwT
e n = 2 400000 -
< [ . £ 80000000 I3
O of--M _lg——— £ 60000000 - £ 300000 1
pe ¢ o ” 2 200000 -
5 LA S 40000000 - =
A 4 100000 -
o £ 20000000 -
o | 0 -
O e
(5] | 0 - T T T T T !
O O w o sV W
100 50 0 50 100 Faeeasyfs @y
Scores on PC 1 (37.14%)
o I?CA- score plot | High fat diet High fat diet
;\B\ ngh fat d'et| 120000000 - 1000000 -
= ¢ ¢ - 900000 -
N WTn=5
© . Z 100000000 - KO mWT Z 800000 -
) 3 % 700000 -
~ Jl $ 80000000 - S 600000 - KO _mwT
© oOF——¢———"—w-—— = € 500000 -
p= v ' & 0000000 1 ’ » 400000 - * %
o | = 40000000 - } = 300000 - p value
g | l ’ 200000 - 0.005
8 'S | 20000000 - I 100000 -
()] 0 L 0 -
_50 I o U w T o T U T T w T N T o
-50 0 50 '—‘L‘LDEEEUB
Scores on PC 1 (39.22%)
* The levels of most lipid species were elevated in KO mice under high fat diet p<0.01

* Except for cholesterol esters which consistently had lower levels

* Analysis of blood plasma (not shown) revealed a depletion of TGs in KO mice under high fat diet
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Proposed model

Liver

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

Microbiota

A TG clearance

We see these
trends with
the KO mice

The gut microbiota madulatés host energy and lipid

metabolism in mice®

Vidra K. Velagapudi,* Kahil Hezaveh,™ Christopher 5. Re-igs:.a.d."“. Peddindd Gopalacharyulu,*
Laxman Yetukuri,* Sama Islam,'? fenay Felin,'# Rosie Perkins,'¥ Jan Borén,™ Matej Oresié, ===

N . Ltk
and Fredrik Backhed J Lipid Res. 2010 51:1101-1
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Summary
WT KO

* The levels of 3-hydroxyphenylpropionic acid (3HPPA) and a tauro-
conjugated bile acid were higher in the faeces of KO mice

* 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
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Other examples of studies at IFR

Mammalian/Animal Systems

-

Human interventions

~

%
=

mammalian model

(

In vitro model

Plants / Food

-

tomato

i "

Arabidopsis thanalia

—
{;% =
AR %;?% o

green tea

broccbli

Microbes

= Clostridium botulinum

Bacteroides

thetaiotaomicron &

A
e aak

Rumminococcus gnavus

- /

Clostridium botulinum — phylogeny

yeast screening for added-
value compounds
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Botulinum

Introduction Botulism m

Botulism is avery serious infection that is caused by toxins
produced by the Clostridium botulinum bacteria

How commen is botulism?
Botulism is a rare condition in the UK.

Between 1880 and 2010 there were 33 recorded cases of food-
borne botulism in England and Wales. Twenty-six of these
were linked to a single outbreak in 1988 that was caused by
contaminated hazelnut yoghurt.

Since 1978, there have been 13 cases of infant botulism. Mone
resulted in death.

The number of wound botulism cases has risen sharply in
England and Wales over the past 10 years, with 144 cases
between 2000 and 2010. This is thought to be due to an
increase in people injecting heroin directly into their muscles, a
practice often referred to as "skin-popping™

Characteristics

Botulism is a rare but potentially fatal infection caused
by toxins produced by Clostridium botulinum bacteria.

The toxins produced by C. botulinum are the most powerful
naturally occurring toxins known to science. They attack
the nervous system (nerves, brain and spinal cord) and
cause paralysis (muscle weakness).

Left untreated, the paralysis will spread to the lungs,
causing breathing failure followed by death.

The initial symptoms of botulism include nausea (feeling
sick), vomiting and diarrhoea often followed by constipation

It usually takes 12 to 36 hours after eating contaminated
food for more serious neurological symptoms (symptoms
affecting the nervous system) to begin. These include
double vision, droopy eyelids and slurred speech.

Botulism is a serious condition requiring immediate medical
attention. Dial 399 to request an ambulance if you, or
someone you know, have the symptoms of botulism.

Read more about the symptoms of botulism.

What causes botulism?

Botulism is caused by the bacteria Clostridium botulinum,
found in soil, dust and agricultural products such as honey,
beans and comn.

as little as 30 ng of neurotoxin sufficient
to cause illness and even death
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Clostridium botulinum at IFR

Stringer et al. BMC Genomics 2013, 14:333
http://www.biomedcentral.com/1471-2164/14/333

BMC
Genomics

RESEARCH ARTICLE Open Access

Genomic and physiological variability within
Group Il (non-proteolytic) Clostridium botulinum

Sandra C Stringer'”, Andrew T Carter', Martin D Webb', Ewelina Wachnicka', Lisa C Crossman?,
Mohammed Sebaihia®* and Michael W Peck'

Abstract

Background: Clostridium botulinum is a group of four physiologically and phylogenetically distinct bacteria that
produce botulinum neurotoxin. While studies have characterised variability between strains of Group | (proteolytic)
C botulinum, the genetic and physiclogical variability and relationships between strains within Group Il
(non-proteolytic) C. botulinum are not well understood. In this study the genome of Group Il strain C. botulinum
Eklund 17B (NRP) was sequenced and used to construct a whole genome DNA microarray. This was used in a
comparative genomic indexing study to compare the relatedness of 43 strains of Group Il C. botulinum (14 type B,
24 type E and 5 type F). These results were compared with characteristics determined from physiological tests.

Results: Whole genome indexing showed that strains of Group Il C. botulinum isolated from a wide variety of
environments over more than 75 years clustered together indicating the genetic background of Group Il C
botulinum is stable. Further analysis showed that strains forming type B or type F toxin are closely related with only
toxin cluster genes targets being unique to either type. Strains producing type E toxin formed a separate subset.
Carbohydrate fermentation tests supported the observation that type B and F strains form a separate subset to type
E strains. All the type F strains and most of type B strains produced acid from amylopectin, amylose and glycogen
whereas type E strains did not. However, these two subsets did not differ strongly in minimum growth temperature
or maximum NaCl concentration for growth. No relationship was found between tellurite resistance and toxin type
despite all the tested type B and type F strains carrying tehB, while the sequence was absent or diverged in all type
E strains.

Conclusions: Although Group Il C botulinum form a tight genetic group, genomic and physiological analysis
indicates there are two distinct subsets within this group. All type B strains and type F strains are in one subset and
all type E strains in the other.
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Aim in paper: classify the strains in Group Il

Clostridium botulinum

1. Classification based on growth Substrates (sugars)

Clostridium botulinum strains

on substrates

g 2 s £
& 8 3 £ E|5| 8 5
g | s 8 £ || & | B § z | &
e |5 2 3 | £ | & | & | &5 |8 |2 |5
__________ S s i o ik e G
]
s
~ £ E
\ N
] B,
it E
CDC 8073 - E ]
{CB-K-37E i
‘Beluga 4
{CB-K-16E
{ATCC 17844 - -+ -+ + B -4
{CDC 1627 U1 + + + E o -
21298 + + + =
{CDC 5900 5.0! + + " - - 4
{IFR 05/025 + + n Y 4=
IFR 05/029 55 + + + - -4 -
{FR06/001 AL
{IFR 06/005 55 L. -
{Hobbs FT10 5.0 2t '+ 4 + | B 4B
{Craig 610 F& 5.5 4.0] 25+ i / ke
|Eklund 202F Fé 500 44 10j+ + . -
{Kapchunka B2 |B4 50 35 25+ i 1 S S Y S .
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B4 5.0; 3.8] 255+ i+ +
I B4 5.0 10}-
¥ I'B4 55 40 10}- +
B4 5.0 ____4.3i 25

Figure 6 Physiological characteristics of strains of Group Il C. botulinum. The minimum temperature and maximum NaCl concentration at
which growth was observed, the minimum concentration of tellurite required to prevent growth and the ability to ferment selected
carbohydrates was tested on strains representing different clades. Acid production was measured in a PY basal medium with 10 g I added
carbohydrate. A carbohydrate was considered to be fermented if the final pH was more than 0.5 units less than inoculated medium in the
absence of carbohvdrate. A pH reduction of 0.5-1.0 units was noted as acid production (+) and >1.0 was noted as strona acid production (+-4).

Stringer et al. BMC Genomigs 2013, 14333
httpy//www.biomedcentral.com/1471-2164/14/333

Orange =
pH drops
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Next: identify compounds that classify the
strains in Group Il Clostridium botulinum

Samples:
* Strainstype B, Eand F
* Substrates were the medium alone (control), medium + inositol, melizitose, amylopectin, amylose,
glycogen, xylitol, levan, pullulan, chitosan, glucose, ribose and maltose
Results: 1H NMR SPECTRA
isoleucine
succinate Glucose - control ’

alanine
* 428 'H NMR spectra of spent

. I leucine, valine
. lactate ethano
medium were recorded gumwm

«  Metabolites detected: CIEEELE butyrate
acetate, butyrate, propionate,
formate, fumarate, propanediol,
trimethylamine, 5,6-dihydrouracil
and maltose

Glucose — strain 31-30
butyrate

butyrate

Origin of trimethylamine: Stickland fermentation

(oxidation and reduction of amino acids to organic acids )

amino acid+ 2 betaine + 2 H,0 =====pacid + CO, + NH; + 2 trimethylamine + 2 acetate

APPLIED AND ENVIRONMENTAL MICROBIOLOGY, Feb. 1983, p. 474-483
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Compounds that classify the strains in Group Il
Clostridium botulinum

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

Clostridium botulinum strains

Substrates (sugars)

Jslrams for NMR_Gwen.xls "Straing"
Strain details Prepared for NMR Sugar fermentation test results (final pH of medium
Strain CarbJ uMeIezitoalAmylope I;(

Cladéno.  |Original name iToxin| Strain | No sugar |Inositol e ctin JAmylose |Glycogen[Xylitol |Levan |Pullulan |Chitosan
1:81-30 [Eklund 17B B 81-30 5.85 5.85 5.69 474 5.02 476 5.03 6.78 5.88 6.67
1:83-01 [Eklund 28 B 83-01 5.95 544 543 4.81 4.98 487
1:86-17 |Colworth 151 B 86-17 6.14 584 5.91 479 4.88 479 6.74 5.56 6.1
1:05-20 25471 B 0520 6 5.95 5.86 4.69 4.86 43 5.02 6.88 6.01 6.77

5.99 5.67 5.87 5.06 5.12 5.04 59 6.75 5.64 6.63
6.1 5.68 5.94 5.05 5.25 5.03 5.93 6.86 5.98 6.66
5.97 LA 5.88 522 527 517 5.87 6.77 5.95 6.55
5.96 511
6.08 £A4 -3 5.44 5.36 5.46 6 6.81 6.01 6.69
5.86 5.54 5.72 .64 2.81 2.64 5.78 6.3 5.88 6.68
6.13 5.59 5.93 6.02 6.1 6.05 5.99 6.62 59 6.53
59 5.53 5.79 517 5.26 52 577 6.35 5.87 6.7
5.86 575 578 525 543 515 584 6.69 585 6.82
5.87 56 574 5.28 5.47 5.29 5.81 6.74 5.83 6.84
6.12 5.03 6.08 6.11 6.13 6.05 6.87 6.09 6.66
5.99 473 : : : : 2 :
5.88 4.97 475 5.83 5.88 5.82 5.76 6.72 5.86 6.52
6.07 4.94 4.67
5.95 5.46 48 X 5.92 5.88 5.8 6.68 5.91 6.56
6.24 4m 494 6.16 6.25 6.2 4.96 6.85 6.2 6.66
5.99 4n 4.74 5.97 6 5.98 59 6.84 6.01 6.6
6.16 474 48 6.16 6.17 6.09 £.08 81 6.16 6.68
599 || 476 & 483 6 603 | 597 | 484 h
6.1 5.01 4.84 6.05 6.04 6.02 5.97 6.76 6 6.58
5.92 4.97 4.63 5.87 5.92 5.89 58 6.75 5.92 6.62
6.07 47 6.05 6.14 6.13 6.09 6.82 6.14 6.64
286-32 |Eklund 202F :F 86-32 592 524 579 493 515 49 583 6.81 5.91 6.6
2186-33 |Hobbs FT10 F 86-33 5.97 543 58 5.14 5.14 51 58 6.77 5.85 6.56
2:86-3 |Craig 610 F 86-34 6.01 5.44 5.89 5 499 5.04 5.86 6.71 6.03 6.63
2:06-05 |4392-5 F 06-01 5.99 5.7 5.86 4,98 5.11 4.97 5.83 6.75 5.95 6.62
[Control (no
ControlUninoculated {No Jinoculum) |  6.58 6.57 6.6 6.61 6.65 6.53 6.59 748 6.59 7.07

Orange = pH drops

acetate and butyrate

acetate, butyrate and
propionate

acetate and propionate
acetate and butyrate

butyrate and formate
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Multivariate analysis on TH NMR data

Coloured coded
according to
substrates

Scores on PC 2 (17.91%)

oo

PCA on 428 'H NMR spectra

Samples/Scores Plot of data

&ylitol

@chitosan

9)
Oy li elizitose
emoslose”
@glucose

3 maltose
coseosg ibose

|
4 2 0 2 4 6 8

Scores on PC 1 (41.82%)

ﬁQuadram
Institute

Science 4 Health ¢ Food ¢ Innovation

PC1 reflects an increase fermentation (butyrate and acetate) on glucose, ribose, maltose
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Multivariate analysis on TH NMR data

PCA on 428 'H NMR spectra

Samples/Scores Plot of data

T T
Coloured coded o ]
according to clades | oo
Claded 1 | 7
9
5
2 o
a €02-109®81-26
5 @02-10
a 0 8621
S Y 5&5-320?1 Pes1 31 egsaf po2!
(%] 8 €86-2
o — — e
‘i" ) « 2-07
. CAm Ro5, ﬁ%;?é 1-30
2r 62 o 0 0645632 A
%’*gnrol e 0 s
-04 ©87-0408%%505
1-30 ‘ ®6-32
-4 - -
| | | ‘ | | | | |
6 4 2 0 2 4 6 8 10

Scores on PC 1 (41.82%)

PC2 reflects an increase in trimethylamine and dihydrouracil levels for clade 3
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Multivariate analysis on TH NMR data
PCA on 428 'H NMR spectra

PC3 (not shown): separation due to adenine levels

Samples/Scores Plot of data
8

Coloured coded tﬂ%%ﬁ%h

sito

staccordingto | .nosnolt&ﬁ
_|sugars snosiol | Higher levels of
L 4r nositol ; i
- dnosiﬁﬁ1 proplonate
<
8 2L lnos’t%rl] san
5 sitol . .no sugar
g oL g cn&’}%zég’se
»

pu uIan

_4 1 1 1 ‘ 1 1 1 1 1

-6 -4 -2 0 2 4 6 8 10
Scores on PC 1 (41.82%)

PC4: separation due to propionate levels

PC5 (not shown): separation due to maltose levels

Scores on PC 6 (4.76%)

Samples/Scores Plot of data

6
Coloured coded:l
"laccording to |

lulan

*r'sugars pugr.llan Higher levels of -
3t U”ﬁsgnn methanol 1
pullu |U|E:lt%ﬁ M
ol pullu ﬁu;ﬂ.]lﬁjlan i
pullulalut 4" o elgmiieditelit maltose
HEET] ose
1} P epulian. mﬁnzﬁ' "W“m B atose -
. SirERndney , maltose
j : aéglucose
or 7 1Q8fbose
At QETITISe T g eibose

@ibose b

-6 -4 -2 0 2 4 6 8 10
Scores on PC 1 (41.82%)

PC6: separation due to methanol levels

PC7 (not shown): separation due to propanediol levels
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The National Collection of Yeast Cultures
(NCYC) at IFR O.CVC

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

yeast diversity

* 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

* We also decided to screen metabolites produced by the yeast strains
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TH NMR spectra of spent medium

Overview Region 0.70-1.70 ppm

isoamyl alcohol

Iisobutanol
ethanol jthanOI propanol |
| | "'JH ‘\ 2-methyl-1-butanol
N
AL
ethanol i b

isoamil hicohol

jsobutanol

glugbse
glucpse -methyl-1-butanol
glycos lagtate isopropylmalate
succingégtata | 2-hydroxyisovalerate
lacta J |
1 i I " | | =

5.00 0.00
1.00
| L_ppm ) ppm

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

*  But many low levels metabolites are also detected

In total 61 metabolites were found in yeast spent medium
The entire NCYC collection was screened by 'H NMR (3552 spectra)
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Aim1: detecting high value bio-based chemicals

Pacific Northwest
R, National Laboratory
National Renswabis Labor: Operated by Banelle for the

Top Value Added
Chemicals From Biomass

. . . From acetic acid to xylose.
Volume |: Results of Screening for Potential Candidates What's Hot, What's Not.

from Sugars and Synthesis Gas

Rank Molocule Some appoal Real value now Major opportunity

August 2004 1  Dextoseffructose/glucose (C6 sugars) 3% 2% 3%

This report, the first of several envisioned to examine value-added products from all biomass 2 Dohhydrxalkancates (PHA) - - -

i o . . ; 3 93% 2% 28%
components, identifies a group of promising sugar-derived chemicals and materials that - =

i - ) - i . 4 “Omege-3 0 88% 64% 25%

could serve as an economic driver for a biorefinery. By integrating the production of higher S  Ehane/ethians 58% 29% 25%

§ Hexamothyiene diamine (HMD) 68% 5T% 25%

7 Jsopmag T9% 62% 24%

L] 9% 53% 24%

9  Polyelhylene terephihalate (PET) B83% 57% 23%

Building Blocks 10 Omege-3 EPA B6% 62% 23%

14 inic. fi - d mali id 11 Limonene 8% 38B% 23%

4 succinic, fumaric and malic acids 12  Hydrogen B4% 58% 22%

2,5 furan dicarboxylic acid 13 Ethylene 64% 43% 21%

3 hydroxy propionic acid 14 Renowable jol fuei 80% 55% 20%

. - 15 87% B4% 20%

I aspartic acid I 16 Polylacic acd (PLA) BS% BI% 19%

glucaric acid 17 Polyethylens furanoate (PEF) % 49% 18%

; - 18 Xylose/arabinose/galactose (C5 sugars) 2% 50% 17%

| glutamic acid ] 19 N-butanol B9% 49% 17%

itaconic acid 20 Renewable dwsel (e.g. 9-15 carbon organics) 0% 54% 17%

levulinic acid 21 _Roeogupble natural gas (e.g. methane, CNG) T8% 40% 16%

3-hvd b I 22 90% 56% 15%

-hydroxybutyrolactone 23 “TETIEn Bicarbonylic acd 70% 4% 15%

| glycerol | 24 Carton monoxide B1% 0% 15%

xylitdl/arabinitol 27 80% B1% 14%

28 T HoneserTre Tally acid methyl esters) B3% 50% 14%

20 83% 52% 14%

30 Tl Ba% 48% 14%

in red{seen in the yeast spent medium http://www.biofuelsdigest.com/bdigest/2016/01/13/the-30-hottest-biobased-molecules-for-2016/31/

54



IFR

Institute of
Food Research

ﬁQuadram
Institute

Science 4 Health ¢ Food ¢ Innovation

Aim 2: Producing biofuel and added value products
from biomass

YouT3

Biorefinary at IFR:
Fundamental science and knowledge to | B
- - - - I Steam Explosion
process biomass conversion (including food
waste) to produce fuels, power, heat, and
value-added chemicals from biomass

Pilot Plant

gomn Ve REESKC

Biorefinery Centre at IFR

Youl IR

e Biofuels
* high value products

Biorefinery Centre at IFR

& @ Internen | Protected Mode: O
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Last words

Metabolomics is

Versatile: any type of sample, only 400 ul 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

We thank BBSRC PEA BBSRC

for fu nd| ng bioscience for the future 56



