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Presentation Outline

 I.   Metabolomics Workflow Overview
       II.  Hypothesis / Question(s) and Pathway 
  

       (Workflow Steps and Experimental Design)

 III.    Types of Samples and Extraction (A)
 IV.    “Feedback” Loops with Results for Decisions
       V.     Metabolome Chemical Diversity and  Chromatography (B)
       VI.    Why the 6546 QTOF LC MS system (C)
 VII.   Bioanalytical Approach to Oncology Systems
 VIII.  Example Results and Oncology Applications

Multi-OMICS Research – Focus on Metabolomics
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Google Scholar Search by Year
Metabolomics 

2014 – ~20,000
2018 – ~43,700
2020 – ~59,000
2023 – ~83,600 
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Omics Research and Life Sciences – The Questions We Ask
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Multi-OMICS Research – Focus on Metabolomics
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Metabolomics
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Application Teaser
Pivot from the workflow for a moment



- Data Collected with a 6546 LC/Q-TOF
- Flux Analysis in human carcinoma cell lines 
    with U-13C glucose tracer.
- Effect of Pyruvate carboxylase knockdown on 
   glucose flux in TCA cycle in HepG2 cells.

- Philosophy - Think in terms of: 
 - sample type 
 - pathways of interest
 - biomolecular pathways
 - related to type of oncology research

Example Application

Think in terms of Bioanalysis
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Software for Data Extraction and 
Qualitative/Quantitative Analysis 

One of several streamlined workflows for 
data extraction and analysis 
→ Flux and metabolism studies  

- Philosophy - Think in terms of: 
 - sample type 
 - pathways of interest
 - biomolecular pathways
 - related to type of oncology research

Think in terms of Bioanalysis
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What is your pathway of choice?
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See this as finite
amount of possibilities
in chemical space.

Change in molecule
metabolism (errors)
for oncology 
seen in pathway.
often more than 
one molecule



What is your pathway of choice?

See this as finite
amount of possibilities
in chemical space

Only so many ways that 
we can put molecules 
together

Endogenous vs 
Exogenous Molecules

# 1 difficulty in Clinical
Research for small 
molecules 
is the Exogenous
(Life Style) inputs 
from patients in cohorts
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Samples and Preparation
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Sum = concentration

Omics Research and Life Sciences – The Questions We Ask

6546
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Sample Type

- Blood Plasma/Serum

- Organ Tissue

- Siliva

- Urine

- etc.
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Sample Types and Matrix Effects

Largest Variance (When Standard Methods Used) is due to possible “Matrix Effects”

 i.e. Blood Mouse vs Human
 i.e. Blood from different cancer type
 i.e. Tissue vs Cell Culture Model
 i.e. Tissue vs Blood
 i.e, Tissue A vs Tissue B

Part of development and a feedback loop early during experiment development

Research to Translational to Diagnostic → Plan – Develop – Implement – (Validate?) 

The Power to Design your own Workflow for your system
→ or adopt previous standard workflows from the community.

What is the end goal of your metabolomics experiment – avoid fishing expeditions.
But don’t be scared to design and optimize. (It’s called research not search) 
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Sample Type Preparation Protocols: 20+ years of protocol development 
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Sample Type Preparation Protocols: 20+ years of protocol development 
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Sample Type Preparation Protocols  - 20+ years of protocol development 

Agilent Specific Workflows for Metabolomics – Reproducibility  
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Sample Type Preparation Protocols  - 20+ years of protocol development 

NIH Plasma Standards – Method Development 
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NIST® SRM® 1950

Website – Click Here

https://www.sigmaaldrich.com/US/en/product/sial/nist1950?utm_source=google&utm_medium=cpc&utm_campaign=8693984807&utm_content=91112740487&gad_source=1&gclid=Cj0KCQiA-aK8BhCDARIsAL_-H9mMl1eHOdssYV-2Awa99gaC0ayvAIfGOEDNRD5SjlJMWGyoNWyd_asaAkLzEALw_wcB


General Metabolomic Workflow and Drug Discovery
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Bioanalysis view with the LC MS Metabolomics Workflow

Answers to 
The Questions
Asked?

Ask the Question(s)
and Design the 
Experiment Workflow

Move to
Next step of 
design

Communication
between labs
is important
to success

Method Development



Discovery and Targeted Workflows for Metabolomics

Relate to the Overall Drug Discovery Workflow 
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Discovery and Targeted Workflows for Metabolomics

Relate to the Overall Drug Discovery Workflow 

It’s called research, 
not search.
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“Metabolomics in the clinical research laboratory is driven by understanding biological process and their 
relevance to understanding qualitative and quantitative clinical data and outcomes. 

For example, a clinical metabolite panel of catecholamines may focus on quantitation of dopamine, epinephrine, 
and norepinephrine: the three most common biomarkers of stress. 

However, in a translational laboratory, the focus would be on the larger biosynthetic pathway for catecholamines 
to understand the underlying production of the neurotransmitters, their interactions, and their mechanistic 
relationships as a marker of stress. 

Analytical challenges in a clinical research or translational laboratory are ultimately driven by the biological 
process and clinical chemistry, which need to be understood. Knowledge of not only the chemistry of the clinical 
panel, but a broader perspective of metabolism is required to help solve analytical challenges and maximize 
study return of investment.”

Where are we in the drug discovery process?
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Think in a longitudinal mindset – what is the answer provided 
from my small molecule measurements 



Chromatography - The focal point of experimental design
 

What is molecular class of interest? (Targeted)
Mapping Metabolomic Profile of System? (Global)

Mechanism of Action Study based on Drug Treatment and Time Points?

Longitudinal Study? – Lock in methods first for downstream experiments 
Movement from Discovery to Translational to Diagnostic 
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Bioanalysis View – Match the Molecular System to the Chromatography Method(s)
Liquid Chromatography and Multiple Experiment Types 

- Reversed Phase C18 Most Common

- Common Gradients to need of experiment
  i.e., 3, 5, 15, 25, etc. minute gradients. 

- Discovery or Profile Metabolomics. 
  Perform several “experiments” on the same 
  sample for full LCMS metabolomic profile
   i.e. RP Chrom (+/-)
          or NP/HILIC (+/- modes)

- More Targeted Pathway  and/or class of molecules
  Perform single, specific method for molecules of choice 

- Molecules in pathways move together

Choice in Chromatography and Method
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Instrument, Measurement, and Data Analysis
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Mass Spectrometry Measurement - Why the 6546 LCQ-TOF?

Accurate mass measurement improves 
several quality attributes of the 
measurement for informatics.

Rapid peak extraction for informatics.

Reduce the number of possible answers 
for small molecule identification.

Resolving power for coeluting species.

5x in scan dynamic range.
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Agilent Packages of Software for Rapid Data Extraction and Analysis
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Agilent Packages of Software for Rapid Data Extraction and Analysis
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Agilent Packages of Software for Rapid Data Extraction and Analysis
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Agilent Packages of Software for Rapid Data Extraction and Analysis
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Applications and Examples – With Agilent QTOF Technologies





Resolve Isobars with Chromatography (RP C18)
Match to MSMS Library (Lipid Annotator Supported)

20 + years of Metabolomics Research and Method Development

Specific Changes Visualized



Lipid Class Analysis and Relative Quantitation of Global Data
(How you use the data)



2015

Note Classes

Do you have a 
class of interest?



Lipids – Specific subclass of metabolomics – because of molecule class properties and extraction conditions
Bioanalysis View 

Lipid are present in classes that have concentrations and 
compositions (important for level of metabolism)

Concentration = sum of the FAs for any given class (column)
Composition 

When FA metabolism is altered 
there is the ability to change FA 
composition of all classes

When lipid class metabolism is 
altered there is the ability to 
change all members of the class





Integrate metabolomics with other omics

While genomics, transcriptomics, proteomics, and metabolomics are in wide use in both industry and 
academia, these experiments―performed alone―are often insufficient to uncover meaningful correlations 
amid the high level of noise omics experiments typically generate. Integration of data from multiple omics 
can provide enough constraints to greatly improve the signal-to-noise of the analysis. The Pathway Architect 
module of Mass Profiler Professional allows either single omics analysis or joint analysis of multiple omics, 
enabling you to discover commonly affected pathways and aid in your ability to find reliable answers more 
quickly.



Thank you

Move into Q&A Session
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