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The basis of metabolomics

m Metabolomics/metabonomics
the quantitative measurement
of metabolic responses to
pathophysiological stimuli or

genetic modification Diosing dncl ampie cabectios
m Measure small molecule v
concentrations through a e e L e
global approach WU spwetopsoogy oe mane
m Use pattern recognition to s
define metabolism in a .
multidimensional space HA spaabsangy e e
metabolic phenotype S s . i
metabotype ' . '
m Use this information to ——— - s o tiny
determine an end point (e.g. [

drug toxicity, disease state)
or to data mine another —
omic technology.

Overview

m What is metabolomics and why might it be
useful?
m Metabolomics and animal models of diabetes
PPAR-a — a regulator between the fed and fasted state
The ob/ob mouse and PPAR-6 agonists
m Metabolomics and safety assessment of
pesticides
Non-genotox carcinogens
m Future directions

A brief intro to multivariate statistics
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Metabolomics and the metabolic
syndrome

M
m Obesity, T2DM and the m&¥dRic syndrome are:

Diseases of the whole body ' 1H, 13C, HRMAS
Mproaches that can mﬁ@%ge of tissues and

AcS2MPING,fhis information Aqg. Metabolites, total
= Mgiabolomic triage FAs, FFAs, SPE
Polygenic disorderns lipidomics

Of ave to reso momgtr@.qm@ls that only model an
aspef of the d'se Shotgun lipidomics

St also 1gn|f|cant LPIe atted
chromatography
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The PPAR receptors:

u is expressed in
metabolically active —
tissues including: F |

‘« and lipid, stOra
A *Lipogenesis.and  +Adipokine prodction A

lipid storage *Maijor target of TZDs
+Fatty acid oxidation ~Fatty acid oxidation
«Fasting response P PAR-'Y ~Energy uncoupling
= PPARYy is found in PPAR-c. PPAR-5
adipose tissue, colon anc “Reguiaton o whole-
body insulin sensitivity - Fattyacid oxication
macrop h ages Fatty acid oxidation Eneray uncoupling

m PPARG® is expressed ‘ .
ubiquitously in numerous @
tissues, with highest
levels found in brain,

adipose tissue, and skin.

SalupPARLG K by ik

viable

m  Mice were selected at 6
age points between 1-13
months (n=5)

m  Examined blood plasma,
liver, heart, skeletal
(soleus & gastroc),

adipose
"H NMR - 20-30
metabolites in tissues (aq.
extract)

HRMAS — unique insight
into metabolism in intact
tissues

GC-MS - 100-150
metabolites in tissues (aq)
and ~30 fatty acids from
lipid fraction

—
Glycolysis and hepatic
steatosis
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(variables)—

..Samples

X

N

[S1S 1]

PCA

PLS

Models maximum
variation in X

Y matrix

Yl Y2 Y3

Models correlation
between the
1/12 variance of the
PLS % % matrix X to the
—_ .
components in
matrix Y

The interaction between age and

disease

m Ageing trends can
readily be identified by
PCA and PLS

Does disease interact
with ageing?

m PLS models can be

used to predict age

PPAR-a mice age ata
faster rate?
Driven by glucose and
glycogen decreases
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Analysis of lipid content &
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Increasing in

of unsaturated
fatty acids

1 - L,

54 3240123 458678
Qurdeted\aiciawithae

Changes include increased concentrations of linoleic acid

and decreased concentrations of arachidonic acid

Fatty Acid Metabolism

Linoleic Acid (18:2)

A6 Desaturase
Y- Linolenic Acid (18:3)
Elongase
Eicosatrienoic Acid (20:3)

A5 Desaturase

Arachidonic Acid (20:4)

m PPAR-a important in
controlling expression of
Stearoyl-CoA
Desaturase (SCD)

m Key enzyme in
lipogenesis

Saturated fats —
Monounsaturated Fats

m Metabolism even altered
in adipose tissue




LC-MS

Advantage: able to see larger
molecules: lipids and proteins

Direct infusion of
chloroform/methanol cardiac
lipid extracts

Differentiation of control mice
and PPAR-a knock outs
through phospholipid
composition at a range of
ages (3 and 13m)

PC changes show further
evidence of differential
expression of elongases and
desaturases

Coefficients DA vector 1

T T
05 00 05 1.0x10°

Coefficients DA vecior 0
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PPAR-9 - a neglected target

m PPAR-0 has been much less researched
compared with the other PPARs
In part reflecting the only recent production of good
selective ligands
m But agonists target a number of problems
associated with T2DM and obesity
E.g. Increases p-oxidation in skeletal muscle and
adipose tissue
m Examining the effect on systemic metabolism in
the ob/ob mouse

Liver, adipose tissue, skeletal muscle and blood
serum

Liver Blood plasma
- e
L ey T Tihjiia
SN gy Fa, bl L deredir pn
a
FAS pray
Fa ue
nice.
mice.

GC-MS of fatty
acids distinguishes
drug exposed from
‘normal’ ob/ob mice

Many of the
metabolic changes
are the reverse
seen in the PPAR-a
ko mouse

Switch to oxidative
metabolism in
muscle?

Increased amino acid
metabolism

Non-genotoxic
carcinogens

Metabolomics and
transcriptomics




Non-genotoxic carcinogens

m Aim to identify early stage biomarkers of non-
genotoxic carcinogenesis by metabolomics,
transcriptomics & histopathology

Difficult to screen for
only detected in long term in vivo assays.
Mechanisms poorly understood

m 10 hepatotoxic cmpds
90 day study

Single dose of each compound. Dose is NTP
carcinogenic dose.

PPAR agonists and non-genotoxicity

iPAR agonists ® Control
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PCA plot of day 28 NMR data
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10 compound study
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PCA plot of day 28 GC-MS lipid data

HUFA synthesis

n-3

V¥ [ scize-18:2 (linoleic acid) |

¥ ¥ [ 8c12¢,15¢-18:3 (a-linolenic acid) |

A6 desaturase l

A6 desaturase l

t 4 [ 6coc,12c-18:3 (y-linolenic acid) |

\ 6c,9¢,12¢,15¢-18:4 |

Elongase

Elongase l

1 1 8c,11c,14c-20:3 (eicosatrienoic
acid

AS desaturase l

1 1 5¢,8¢c,11c,14c-20:4
(arachidonic acid)

\ 8c,11c,14c,17¢-20:4 |

A5 desaturase l

* ‘ 5¢,8¢,11¢,14¢,17¢-20:5
(eicosapentaenoic acid)

l

| pay7 | Day28

Peroxisome proliferators up
regulate expression of A6
desaturase.

[ sct2c15c18c,21c24:5 |
A6 desaturase l
[ 6coc12c15¢,18c,21c24:6 |

Peroxisomal
B—oxidation

‘ 4c,7¢,10¢,13¢,16¢,19¢-22:6
(docosahexaenoic acid )




Monounsaturated Fatty Acid

Synthesis

Acetyl CoA

(16:0)

(A9 desaturase)

Palmitoleic

Stearoyl-CoA desaturase

Palmitic acid | Long chainelongase |  stearic acid t

(18:0)
Stearoyl-CoA desaturase
(A9 desaturase)

Oleic acid + 1

i acid (9c-16:1)

(9¢-18:1)

PP induce SCD
(Kawashima, 1983,
Rodriguez, 2001)

Triglycerides

Phospholipids
Cholesterol esters | Blue — changed at 28 days
Wax esters

Red - changed at 7days

m Examined

Blood plasma (NMR; LC-MS)

Urine (NMR, LC-MS)

Liver (NMR, GC-MS, Affymetrix, histology)
m 0, 50, 500 & 1000 ppm continuous dietary dosing.
m 5 animals per group (9 week old male F344 rats).
m  Animals killed after 1, 3, 7, and 14 days.
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Used PLS to examine correlates between metabolomics
and transcriptomics

Day 14 '"H NMR Glycogen synthesis

Hexokinase D l -

Glucose-6-P
|
Glucose-1-P

l
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Chemical Shift (ppm)
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glycogen — S0ppm
— 500 ppm

1000 ppm




y-glutamylicyclotransferase

Glutamine
Minor pathway . Glutamine
Glutaminase H -| synthetase
Glutamate
cysteine ligase -
5-oxoproline y-Glutamylcysteine
+ Glutathione synthase

glutathione
Glutathione

l - reductase
Oxidised
glutathione

Phenobarbital study
H 0 ppm
W 50 ppm
M 500 ppm
| 1000 ppm
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] |
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PLS component 1
5-aminolevulinate synthase (ALA synthase) —>
glycine + succinyl CoA ———> 5-aminolevulinate + CoA
ALA synthase
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Conclusions

m Metabolomics distinguishes a range of cmpds
and provides a dose response behaviour for PB
m The metabolic profiles can readily be correlated
with transcriptions
m For PB we identify some classic changes:
Decrease in glycogen
Increases in glutathione
Synthesis of P450s

" I
Future Directions

m For diabetes and obesity we now/will
have good coverage of the
metabolome in tissues and biofluids

Can profile a range of mouse models
Metabolomic databases
m We can use metabolomics as

molecular triage for transcriptomics
and proteomics
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