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Outline of the Talk
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1. Why Metabolomics- Definitions and Scope
2. Metabolomics Biomarkers: The State of the Art
3. Metabolomics in Alzheimer’s Disease
4. Future Scope of Metabolomics with CPM 
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Central Dogma of (Molecular) Life
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Modified from Source: https://www.mdpi.com/1422-0067/14/3/4885

Lipidomics
Glycomics
Volatilomics
Exposomics
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Current State of Art in Integrated Omics
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Omics: Definitions & Importance
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The English-language neologism omics
informally refers to a field of study in biology 
ending in -omics, such as genomics, 
proteomics or metabolomics. 
Omics aims at the collective characterization 
and quantification of pools of biological 
molecules that translate into the structure, 
function, and dynamics of an organism or 
organisms.
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Metabolomics: Definitions & Concepts
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Patti GJ et al.,  Nature reviews Molecular cell biology. 2012;13(4):263-9.

Metabolomics: The quantitative measurement of the
metabolic profiles of model organisms to characterize
their phenotype or phenotypic response to genetic or
nutritional perturbations
NOT: Metabolite Profiling

Includes sugars, nucleosides, organic acids,ketones, aldehydes, peptides,oligonucleotides, amines, amino acids, lipids,steroids, alkaloids and drugs (xenobiotics)from humans, plants & microbial products

Metabolite: Any organic molecule
detectable in the body with a
MW < 2000 Da (C, H, N, O, P, S)
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Examples of Metabolites (aka. Biochemicals)

7Image Sources: Various, CC0 licensed
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Cellular Metabolism is very Complex!

8Source: KEGG
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History and Development of Metabolomics
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Ullrich Pinder (1506) 

Urine Wheel Metabolomics Is GrowingThe Pyramid of Life

Source: David Wishart
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Metabolomics: Technology/ Platforms
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Mass Spectrometry (MS)• UPLC, HPLC
• CE/microfluidics
• LC-MS
• GC-MS
• FT-MS
• QqQ-MS
• NMR spectroscopy
• Raman, IR, FTIR 
• X-ray crystallography
• LIF detection NMR: Nuclear Magnetic Resonance (aka. MRI)
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How to choose the right platform for metabolites?
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Where does one find metabolites ?

12Nandania et al., 2018, bioRxiv
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Metabolomics Platforms of Choice
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Targeted Metabolomics vs Untargeted Metabolomics 

14

Targeted:
“detect the expected”
 Hypothesis driven
 Absolute quantification
 Needs reference 

standards
 Not comprehensive
 More precision/ accuracy
 Better sensitivity
 Easy interpretation
 Pathway mapping

Untargeted:
“detect the unexpected (novel, 
unknown…)” 
 Hypothesis generating
 Semi-quantitative
 No reference standards
 Fold changes
 Biomarker discovery
 Comprehensive, unbiased
 Lots of unknowns
 Multivariate, Network 

analysis
i.e., do sphingolipids in CSF 
change in AD?

i.e., what metabolites change 
in urine in AD ?
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Metabolomics Workflow: Gas chromatography mass-spectrometry (GC-MS)

I
II

Removes proteins, 
enriches metabolites 
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What is a Mass Spectrum ? Example 
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Soft Ionization: ESI-MS (LC-MS)
Hard Ionization: EI-MS (GC-MS)
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Steps in a Metabolomics Study
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Theodoridis et al., 2012; 
doi:10.1016/j.aca.2011.09.0
42

Laboratory steps 
(Sample Preparation)

 Sample selection, preparation, quenching, 
storage, extraction, 
 Running of samples, QCs, MS-based Data 
acquisition

Bioinformatic steps/ 
Data Analysis

 Data transformation and normalization
 Analysis of differentially accumulated metabolites
(multiple testing issue, multivariate statistics, ID-
conversion)
 Pathway mapping/ network viewing 
 Visualization (graphics)
 Data storage (databases, MSI standards)

Question-driven

Experimental design  Replication level (biological vs technical replicates) 
What statistics, what analysis software?

 Goals? Hypotheses? Questions?
Platform/ Instrument  What technology to choose ? Source of 

metabolites ?
Targeted vs. Untargeted approaches ?

Data interpretation 
(Identification/ 
Pathway)

Answers? New Hypotheses? Follow-up experiments?
 Validation?
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Metabolic Pathways vs      Metabolic Networks
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GC-MS Spectral and RT Libraries in house 
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QEGC-Orbitrap-MS at work for metabolomics at CPM 
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Example of GC-MS Metabolomics Spectral Acquisition
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Hydroxylamine 3TMS [RT: 5.81] MW: 249.5733
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Validation of in house EI-MS, PCI-MS, NCI-MS spectral library using NIST SRM 1950 plasma
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PCI-MSEI-MS

NCI-MS
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What metabolite classes do the platforms capture ?
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Exposomal Compounds:
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Caffeine, Score: 8.29 Atenolol, Score: 8.06
Endogenous Metabolites:

Thymidine, Score: 9.04 Dopaquinone, Score: 8.36 Adenosine, Score: 9.05

Expanding on the In House High Resolution Spectral Libraries
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The 3 Modes and Coverage of Metabolic Pathways
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Example: 
Alanine, 
aspartate and 
glutamate 
metabolism. 
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Data Analysis Workflow
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13. Diet, Time, and 
Tissue-specific 
Omics Network

14. Putative 
Biomarkers

0
5

10
15
20
25

0 50 100 150 200 250

RT
 (m

in)

# of unique features/ compounds
(Total 532 in Pooled Liver Samples)

Identified Noise Unknowns



Wake Forest Baptist Medical Center

0
10
20
30
40
50
60

1 21 41 61 81 101 121 141 161 181 201 221 241 261 281 301 321 341 361 381 401 421 441 461 481 501 521 541 561 581 601 621 641 661 681

RS
D %

Metabolite

RSD % in Males and Females (Across 3 dGAs)
Males Females

Sex-specific Changes in Metabolites

27

Guanidinoacetic acid Cystine
Tryptophan
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Platform-independent Discrimination of Samples (i.e. metabotypes)

28



Wake Forest Baptist Medical Center

Metabolomics @ Center for Precision Medicine (2018-2019)
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Metabolomics in Alzheimer’s Disease 

30https://sites.duke.edu/adnimetab/
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Metabolites as Biomarkers in AD
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Metabolites as Biomarkers in AD
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Many Interpretations of Metabolic Changes in AD
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Wilkins & Trushina, 2018 Barupal et al., 2019

Coregulated sets of serum lipids in the 
ADNI lipidomics data set. 
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Many Interpretations of Metabolic Changes in AD

Trushina, E., Dutta, T., Persson, X.M.T., Mielke, M.M. and Petersen, R.C., 2013. Identification of 
altered metabolic pathways in plasma and CSF in mild cognitive impairment and Alzheimer’s 
disease using metabolomics. PloS one, 8(5), p.e63644.
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Summary
• Spectral acquisition and validation of > 330 unique compounds

with EI and CI HR spectra in the EI-MS and CI-MS/MS libraries.
And is growing with novel annotation (in silico approaches).

• Quantification of >500 unique compounds in muscles and liver
in a single sample using 3 runs (~66 mins together) using
spectral and RT libraries.

• Ample opportunities and scope to find AD Biomarkers of
Metabolism in CSF, Plasma, Urine, Fecal samples and tissues
from NHP models, mice etc.

• Complementarity of metabolomics in ongoing/ future ADRC
collections and (-omics) studies.
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