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Analytical Methods for Metabolite Profiling

NMR provides broad
coverage of metabolites
and is quantitative and
very reproducible

MS is 103 more
sensitive, but less
guantitative, and more
selective.
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Challenges

NMR:
s Complexity

100’s of compounds
1000’s of lines
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Principal Component Analysis (PCA)
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Starting point in multivariate
analysis

*The goal of PCA is to find the
direction of the greatest variability

*The score plots allow one to
classify clusters

*The corresponding loading plots
show how they are classified
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PCA Procedure for Biofluid Samples
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(1) Human Inborn Disease Study
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NMR can be used for metabolic profiling of IEMSs.
Biomarkers for certain (IEMs can be obtained from
the loading plots. Metabolic pathways can be
analyzed for the purpose of disease detection and

screening.




Human Inborn Disease Study
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This can be eliminated, or
studied using supervised

studies such as OSC-PLS.

Using a larger number of samples,
one can still discriminate disease,
but we also see an age effect in

the samples.
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(3) Combining NMR and MS Methods:

Nuclear Magnetic -\_i._-'.
Resonance (NMR) ' '
Spectroscopy

Essentially orthogonal methods
can detect hundreds of small
molecules in blood or urine.
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New MS technologies




DESI MS

HV power supply Atmospheric inlet of
My | mass spectrometer
Solvent A
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Desorption-lonization Mass Spectrometry allows atmospheric
Introduction of samples from a surface.

Cooks et al. Science 2004.



DESI-MS of Mouse Urine

Relative Abundance

0.47
100 74 b 237 o
, 251

a 0.31 "+ 279

195 o 219 * 235
—021 +207

221 195
T et 2o5 209
371 0.13223

6 o——— 233

{ 65 214 237 *93 88 0 377
251 o7 107 78— N 217

A
o

279 015 011 007 B o
«75 91 125193 135
PC1 o

179

137 153

'0.2- 0120

50 100 150 200 250 300 350 4(;0 PC2
m/z -0.3°

DESI-MS spectrum of mouse urine and corresponding PCA plot
from a study of mouse-lung cancer. 80 compounds were
identified as differentiating the tumor-bearing and healthy mice.
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Purine Metabolism Pathway Changes Indicated
INn Mouse Lung Cancer Study

26 compounds that changed
concentration were observed
. from this pathway

| L-Glutamine

| PuRINE METAROLISM |

. . 1-(5-Phospharibosyl)- 1-(5*Phosphoribosl)-

N glghﬂsylﬁmmﬁ' Can H-formylglycinamide FOAM S-aminoimidezale {ATR)

: 2 — e s e )
,%‘ 5P-Ribosyld-

6347 (H-muceinpearboramide)

e — “S-aminnimidaz ole dIDP 4ITP dIMP
1-{5"-Phosphoribosyl) o o—l36119 o
S-formando-4- . Bl

O
imidazole carboxamide S P-Ribosyl-4-carboxy-S-aminoimidazole

0 5-Aming-4-imidazolecarboxamide

S*-Acetylphosphoadenosine o

{ritochondiay o = A FEaupg———————— Hiztidine me tabolism
S*-Benzoylphosphoadenosine o — ITP{extrace lular)
O

Inosine

{mitochondxia) O e waphosphate

— O G TP{extracellular)
L= =1417)
Adenosine 5% 2118 | Bttt | 1 3.1.4.17
tetraphosphate I[C))P 2746 e j ppG12) 36111 p.l.)_pGpp
3'5-cvclic AMP 515 ro———» e,
(1717}

i ﬁcyt: lie GME
S-Butyrvlphosphoinosne
(mitochondria)

2778

2748

2.7.1.40|

6341

e
*— 2776

|L SRS EMa )
N
117z " J3e117—0 compns
m‘s L—-—”AGTP\ _}t—j_
R o e tabolizm
.. 27 O
zr1a0) [2777] O
36119 [3151

i
Folate biosynthesis

2746

27140

3135

3 D en g uanosine

271113

3542 - i 54 -

2 Hypoxenthine A7.1 z3" Glycine, serine and

2421 3-GMP cyelic GMP thre onine metaholism

Deoxvinosine 2424 Orxalureate -
0020 0 5

Carbamozl Sy Oy B -y BN oy PO oy ) B

O MH phosphate - o—
3 S-Ueido-d-imidazole  S-dming- Aminoimidazole  Imidazolone Formnimino- Glyrine

Allantoate {S)-ddlantoin carboxvlate 4-imidazole Tvcine
Gloxylate and I _Glyixalane 4 * carboxvlate g
dicarboxylate metabolizm Ureido-

ADDDpA Adenylylaulfate
Tycolate
O Urea & ATE O 36.1.17

S e} o [z77a]-gsue

Urate-3-
ribornue leozide O

Urea
o

Uridoglyeie oy s nanmin O

S-Hydroxy-2-oxo-

O

O d-ureido-2 S-dihdmo-  Apppa O O [ N 3-FPhoapho-

spontaneows—' 1 H-imidazole- TR ADP I ppmhoadenylyl ﬂﬂenﬂge
S-carboxylate

00230 EMa&0S




GCxGC/MS Spectra of Healthy Control and
Cancer Samples

Normal Cancer



Starting with GC data, we get a pretty
ood discrimination:

Then add NMR data:
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Putting the orthogonal measurements
together, we improve the discrimination:
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Un-targeted

Targeted

Initial sample set

Literature-based

. Run NMR, MS “biomarkers”
Discovery
Discover “biomarkers”
validation | 1) Test “biomarkers” against | 1) Test “biomarkers” against

additional sample sets.

2) Determine diagnostic
accuracy

several sample sets.

2) Determine diagnostic
accuracy




Conclusions

Metabolite profiling provides an important piece to help
understand the systems biology puzzle.

Advanced methods Iin NMR, MS, statistics including
correlations are useful in identifying and quantifying selected
components in complex mixtures.

Combining NMR and MS provides a powerful approach for
Improving  classification and identifying  biomarkers.
Correlation with proteomics or genomic data is also possible
to improve the biological picture.

Implications for the future include improved, chemical based
early disease detection, therapy feedback,

and personalized therapies, as well as faster and safer drug
development and al studies.
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