
COMPLEXITIES OF BIOLOGY. 

As metabolomics aims to comprehensively detect and quantify a large number of compounds in complex samples, it is a challenge for 
analytical chemistry. Mass spectrometry has emerged with vast potential, an alternative to NMR based metabolomics, offering high 
selectivity and sensitivity and the potential to identify metabolites and in a quantitative manner.  

There are four fundamental areas to be successful in metabolomics:  (1) experimental design, (2) sample preparation, (3) analytical 
procedures and (4) data analysis.  

 
(1) Experimental design1 is important, separating the biological study into multiple analytical experiments and ensuring quality control for 

accuracy and precision of results.   
(2) Sample preparation is a must when using mass spectrometry-based techniques. There are multiple techniques based on sample 

type as well as methods for extracting specific classes of metabolites2 . A full review is not included here.  
(3) Analytical procedures: these small molecule compounds are chemically and structurally diverse, so the mass spectrometer must be 

combined with a separation technique to  reduce the complexity prior to MS analysis. Depending on the separation technique, specific 
metabolite classes may be discriminated.  

(4) Data Analysis: huge amounts of data must be analyzed in a stringent manner to remove experimental artifacts. The complex raw data 
must be turned into actionable results, for this, stringent statistical tools are required as well as software to aid in compound 
identification.  

Biology is complex. To decipher these complexities, metabolomics analysis demands sophisticated analytical technologies and software 
solutions.   

Our proven scientific network, publications and pioneering solutions driven by Thermo Scientific™ Orbitrap™ mass spectrometers 
enable broader and deeper analyses into the metabolome. 

ANALYTICAL TECHNIQUES FOR BROADER AND DEEPER ANALYSIS 
As endogenous metabolites are diverse in  their physico-chemical properties, as well as varying in abundance, a true comprehensive 
metabolomics study will require orthogonal sample preparation and  separation techniques. In reality, most experiments are not 
comprehensive and there is a bias towards certain classes of compounds. The mass spectrometer can also introduce bias into the study.  
Utilizing positive or negative ion mode can affect which compounds can be ionized and detected.  
 

 

 

 

 

 

 

 

 

 
 
Breadth of Chromatographic Separations  

HPLC:  Liquid chromatography (LC)-MS offers the broadest coverage of metabolites by the ability to change column chemistries such as 
reversed phase, RP (for none to moderately polar metabolites) and hydrophobic interaction liquid chromatography, HILIC (ionic and polar 
compounds not retained by RP).   

IC:  Ion chromatography (IC)-MS is best suited for charged or very polar metabolites that are difficult to analyze by LC-MS such as sugar 
phosphates, amino acids, etc.  IC is also high resolving, and  many isomers can be separated prior to mass spectrometry analysis. 

GC:  Samples which are volatile and amenable to chemical derivatization are well suited for gas chromatography (GC)-MS. GC offers 
high resolving power. Plant secondary metabolites are well suited to this technique 

 

 

 

 

 

 

 

 

Orbitrap High Resolution Accurate Mass (HRAM) for Successful Metabolomics  
Leading Orbitrap-based mass spectrometers provide HRAM measurements and sensitivity required for metabolomics when combined 
with advanced separations.to deliver  high throughput and quantitative capabilities that has expanded the scope of what we know about 
metabolites involved with cell metabolism and biological pathways, putative biomarker discovery in several research areas.  
 
Key attributes of Orbitrap HRAM include -  
1. High Resolution Accurate Mass: With up to 500k resolution, Orbitrap analyzers enable more confident identification and quantitation 

due to high specificity allowing more confident  mass assignment s especially with metabolites of similar mass, and isotope labeling 
studies 

2. Sensitivity:  Metabolomics is and always has been a quantitative science. There are orders of magnitude difference between 
concentration of different endogenous metabolites, therefore the mass spectrometer must be able to detect these for a 
comprehensive and meaningful view of the biological state. Orbitrap technology enables quantitation down to low fmol concentration, 
with 5 orders of linear dynamic range with tight coefficient of variation (CV) 

3. Technical Reproducibility: Due to it’s sensitivity and selectivity, mass spectrometry techniques have become the method of choice for 
metabolomics research. To find meaningful answers with a large number of data sets, typically found with metabolomics, the mass 
spectrometer must provide accurate and reproducible data from run to run, without the need for internal calibration.  

4. Fast Polarity Switching: With compounds having diverse physico-chemical properties, a combination of separation techniques (GC, 
IC and LC reversed phase/HILIC) can help achieve a more comprehensive view.  In addition to this, more coverage can be obtained 
using both positive and negative ionization modes on the mass spectrometer. Orbitrap MS polarity switching can happen on a 
separations  time scale in a single run enabling a more productive analysis.  

5. MSn Capabilities for Metabolite Structural Elucidation:  MSn offers a solution for de novo identification and structural elucidation.  MSn 

is usually achieved using ion traps and tribrid mass spectrometers.  This is an advanced technique and the mass spectrometer must 
have high resolution, accurate mass, speed on an HPLC time scale, and a variety of dissociation modes such as HCD and CID.  

Figure 1. Comprehensive or Deep Targeted Coverage of Metabolites . As endogenous metabolites are diverse in  their physico-
chemical properties, as well as varying in abundance, a true comprehensive metabolomics study will require orthogonal 
sample preparation and  separation techniques. In reality, most experiments are not comprehensive and there is a bias towards 
certain classes of compounds. The mass spectrometer can also introduce bias into the study.  Utilizing positive or negative ion 
mode can affect which compounds can be ionized and detected.  
 

WORKFLOWS FOR METABOLOMICS AND LIPIDOMICS 
Several approaches to metabolomics  research are available depending on the goal. The untargeted discovery approach can be used to 
discover putative biomarkers, or to understand metabolism and biology. Targeted approaches are best suited when there’s a focused 
study on a subset of known compounds.  Lipidomics, a subset of metabolomics, is also a fast growing area. 
 
Untargeted Metabolomics and Lipidomics 
Untargeted metabolomics compares the relative abundances of all metabolites in multiple samples, often complex,  without prior 
knowledge. Both the separation techniques and the high resolution accurate mass (HRAM) Orbitrap MS must be highly reproducible,  
have high sensitivity and be capable of measuring a wide dynamic range of compounds ranging from very hydrophilic to hydrophobic 
metabolites for comprehensive coverage. Thermo Scientific metabolomics software is specially designed to mine the rich HRAM Orbitrap 
data to convert large datasets into meaningful insights. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Targeted Metabolomics and Lipidomics  
Targeted metabolomics is quantitative and takes information from discovery experiments or from the literature and/or clinical 
observations to test the model or the hypothesis.  
This involves verification and validation  of defined groups of known  metabolites across large sample sets. These  experiments require 
accuracy, high throughput and reliability. For large scale targeted profiling, a HRAM MS workflow is the optimal method, for routine 
quantitation, SRM on a triple quadrupole MS, such as the Thermo Scientific TSQ Quantiva MS is the preferred solution.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ADVANCES IN SOFTWARE SOLUTIONS  
Metabolomics analysis typically involve very large sample sets resulting in the production of complex data sets. This data may contain 
many experimental artefacts and sophisticated software is required for high-throughput, and efficient analysis, provide statistical power to 
eliminate systematic bias,  confidently identify compounds and to explore significant findings. Metabolomics data analysis typically 
consists of feature extraction, quantitation, statistical analysis and compound identification.   
 
The Thermo Scientific metabolomics software suite  is specially designed to mine the rich HRAM Orbitrap data to convert large datasets 
into meaningful results.  

 

 

 

 

 

 

 
The new Compound Discoverer Software is designed to work in tandem with rich Orbitrap data to solve the most difficult challenges. It 
powerful visualization tools to quickly find real statistical challenges – the differences that matter – between sample sets. Interactive 
linked displays enable the ability to see trends across studies and determine key components across multiple sample sets.  

Compound Discover software provides many tools to aid in identification, the major challenge in metabolomics, such as the unique high 
quality mzCloud™ (mzCloud.org) online HRAM MSn fragmentation library without leaving the Compound Discoverer environment. 
Coupled with molecular weight or formula based searches of ChemSpider and other user-created databases, Compound Discoverer 
software turns unknowns into knowledge.   

CONCLUSIONS 
Metabolomics analysis demands sophisticated analytical technologies and software solutions to address the complexities of biology and 
the diversity of metabolites.  Thermo Scientific Orbitrap MS metabolomics solutions enable broader and deeper analyses into the 
metabolome. 

 Breadth of chromatography separations to address the physico-chemical and abundance diversity of metabolites  

 Orbitrap mass spectrometry delivers HRAM measurements  with both speed and sensitivity for deeper and more confident 
identification and quantitation  

 Compound Discover software and mzCloud MSn fragmentation libraries specially designed to mine rich Orbitrap data for ultimate 
confidence in results 
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New Solutions for Broader and Deeper Analysis of the Metabolome 
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Figure 2. Thermo Scientific’s industry leading breath in chromatography separations, GC, LC and IC, combined with proven 
Orbitrap MS technology delivers the broadest and deepest view into the metabolome. With high robustness and technical 
reproducibility, these solutions provide both novel yet stringent results for high impact discoveries. 
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