
After obtaining a lipid fraction (total lipid extract or lipid class
fraction), the solvent must be removed by evaporation:
This step can be fully automated using the GERSTEL
MultiPosition Evaporation Station (mVAP).
For LC-MS/MS based lipidomics, the residue are analysed
after reconstituted in mobile phase. For GC-MS, lipids are
derivatized to form volatile products.
The most common derivatives used for GC-MS are fatty acid methyl esters
(FAMEs) formed by trans-esterification with a reagent mixture (methanolic
HCl, H2SO4/Methanol, BF3/Methanol) and all derivatization with all common
methylation reagents has been successfully done with the GERSTEL MPS.
Other derivatization reagents may be used to obtain structurally informative
mass spectra (e.g., DMOX, 3-pyridyl carbinol, pyrrolidines), to selectively
derivatize lipid fractions (e.g., tBDMS for free-fatty acids, PFP derivatives
for fatty aldehydes/ketones) or for semi-targeted metabolic phenotyping.

Robust and reproducible sample preparation is essential to the delivery of high quality metabolomics and lipidomics datasets.
Metabolic phenotyping of fatty acid methyl esters (FAME) is routinely done in Biosciences and Biotechnology studies.
Applications include Metabolic Engineering & Synthetic Biology, Aquaculture, Plant Breeding, Human and Animal Health &
Nutrition, Lipidomics (complementary to LC/MS/MS), Soil microbial community analysis, food oil adulteration and Microbiology.
FAME analysis involves multiple steps, including tissue extraction, lipid class fractionation (optional), derivatization, data
processing (feature extraction), multivariate statistical analysis and data reporting.
Whilst individual steps in FAME metabolic phenotyping workflows have been automated previously, current protocols still involve
multiple manual steps in sample preparation, data analysis and reporting. In addition to incurring high labour costs, these
manual steps are both significant process bottlenecks and the principal source of experimental error (both bias and precision).
We have recently automated all of the steps in routine FAME analysis workflows using the GERSTEL MultiPurpose Sampler
(MPS); including lipid extraction, lipid class fractionation with SmartSPE™ (ITSP Solutions Inc), derivatization and routine feature
extraction (Agilent MassHunter), data modelling and reporting (Agilent Mass Profiler Professional and Sherlock X (MIDI-Inc).
Combining these tools delivers an Enabling Technology for metabolic phenotyping, where instrumental analysis rate limiting step
in the process, that delivers both optimal precision & bias, and limits user input to initial sample processing and data review.
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Conclusions

Introduction

The GERSTEL MultiPurpose Sampler is a flexible, and modular, platform for Metabolic Phenotyping of Lipid Derived Fatty acid Methyl Esters. It delivers:
• Fully-automated, just-in-time, sample extraction and preparation
• Offline sample preparation or online sample preparation with all Agilent platforms (GC, HPLC, uHPLC, SFC; MSD, QQQ, IM/Q-TOF,Q-TOF)

Combining GERSTEL, Agilent and MIDI Solutions delivers end-to-end Metabolic Phenotyping Solutions for FAME profiling and Lipidomics:
• GC and GC-MS based FAME profiling using Sherlock-X from MIDI Inc. with Flexible or Application Specific solutions (Microbial ID and Soil Microbial Community Analysis).
• Agilent MassHunter, MPP, METLIN® and SimLipid® for Lipidomics studies on LC-MS and high-end GC-MS platforms

FAME Metabolic Phenotyping solutions are available from Anatune in the UK and Ireland, and worldwide through GERSTEL, its subsidiaries and distributors
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Figure 1 – Anatune Lipid Analysis Solution Comprising GERSTEL Dual
Head MultiPurpose Sampler with GERSTEL Multi-position Vortexer
(mVORX), MultiPosition evaporation Station (mVAP),
Anatune Robotic Centrifuge (CF-200) and SmartSPE™
(ITSP Solutions Inc) options.

Figure	3	– SmartSPE™	Instrument	Top	Sample	
Preparation	micro-scale	(µSPE)	solid	phase	
extraction	cartridge	and	96-well	format	tray		

1,2Protocols for Lipid extraction are well established. These
extraction protocols involve biphasic tissue extraction and
thorough mixing is required for reproducible and repeatable
extraction, with subsequent centrifugation to disperse the
emulsion formed and clarify the phase interface.
We have 3recently demonstrated that the GERSTEL Multi-
position vortexer mVORX™/QuickMix™, in combination with

the Anatune Robotic Centrifuge (CF-200) can
used to fully automate both lipid extraction and
homogenisation (using commercially available
tissue lysis matrices). Where more tissue
(³50mg F.W) is required to obtain a
representative sample, samples may be pre-
homogenised off-line and loaded onto cooled
sample trays on the GERSTEL MPS.

Fully automated, just-in-time, sample preparation ensures that the rate
limiting step to sample throughput is the GC-MS or LC-MS/MS runtime.
A range of metabolic phenotyping software solutions are available to
eliminate the data analysis and reporting bottleneck including:
• Agilent MassHunter (for targeted, verification/validation, lipidomics)
• Agilent Mass Profiler Professional (untargeted, discovery lipidomics)

• Cross platform (GC-MS, LC-MS/MS, SFC-MS/MS) solution
• Integration with METLIN®, an accurate mass LC/Q-TOF library
• Full integration with SimLipid® for LC-QQQ lipidomics

• Sherlock X from MIDI Inc. for Turnkey solutions for GC and GC-MS:
• Microbial ID for routine microbial metabolic phenotyping of

environmental, biomedical and plant pathology samples
• 7Soil Plasma Phospholipid Fatty Acid (PLFA) analyses for soil

microbial community analysis
• Flexible FAME analysis solution with custom reporting for:

• Nutrigenomics studies, Aquaculture and crop breeding
• Food testing nutritional composition analysis
• Metabolic Engineering and Synthetic Biology

MIDI Solutions are available with fully-automated, just-in-time, online
sample preparation.

Lipid	Class	Fractionation Data	Analysis	&	Reporting
Whilst lipid extraction and derivatization
is sufficient for total FAME analysis and
shotgun lipidomics, many studies require
lipid class fractionation.
Lipid class fractionation has been fully
automated on the GERSTEL MPS
platform and is being used for 4High
Throughput Plasma Phospholipid Fatty
acid profiling for nutrigenomic studies at
the MRC-HNR laboratories in
Cambridge.

More recently, our colleagues at the 5RIC in Belgium have demonstrated the
applicability of this approach for LC-MS/MS based lipidomics studies.
We are currently collaborating with several customers to scale down to the
SmartSPE™ format that is better suited for high-throughput studies,
compatible with micro-sampling (e.g., bioanalytical studies) and may be
used for comprehensive lipid class fractionation.
SmartSPE™ may also be used for 6post-derivatization clean-up, replacing
the time consuming, manual thin layer chromatography protocol.

Figure	2	– GERSTEL	multi-position	vortexer
(mVORX)	and	Robotic	Centrifuge	(CF-200)		

Figure	4	– GERSTEL	multi-position	
evaporation	station	(mVAP)


