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1. Introduction
Comprehensive untargeted endogenous metabolite 
profiling requires consideration to the diverse number of 
compound classes present in samples such as serum or 
plasma. Sample preparation, LC separation and MS data 
acquisition all determine the number of compounds 
detected and influence the success of identification. 

Protocol optimisation was performed on NIST standard 
reference material (SRM-1950), consisting of human 
plasma. This was to ensure the best possible method was 
used before undertaking analysis of critical low volume 
samples. Optimisations were made to both sample 
preparation and LC separation to ensure compounds 
injected onto the column were separated and eluted. 

Data analysis required several key elements, the first being 
ion feature and detection software in order to distinguish 
between chemical noise and genuine ion signals. 
Chromatographically resolved features needed to be 
detected to distinguish between consistently detected ion 
signals that appeared in the background. Furthermore, 
blank sample analysis enabled identification of peaks 
appearing at low levels that were not sample related. 

Finally, the mass range chosen for sample analysis also 
greatly influenced the number of metabolites detected but 
also the data interpretation.

Compounds can naturally exhibit neutral loss of part of 
the molecule meaning the ion measured may not 
represent the protonated positive ion [M+H]+ but instead 
[M-X+H]+. Commonly loss of water can occur however in 
the case of some lipid species such as 
monoacylglycerophosphocholines, 
diacylglycerophosphocholines and triacylglycerols the 
neutral loss can be larger. These phenomenon, in addition 
to ion adduct formation, demonstrated the need for an 
untargeted ion feature detection irrespective of metabolite 
identification by accurate mass. Equally, metabolite IDs 
require confirmation preferably with MS/MS supporting 
data to ensure IDs are correct. 

These experiments describe a work flow that aimed to 
optimise untargeted metabolite profiling designed to 
maximise ion feature detection and eventual identification 
by accurate mass and supporting MS/MS data. 

2. Methods
Aliquots of the NIST SRM-1950 metabolites in human plasma 
were prepared by protein precipitation in methanol. Following 
centrifugation, supernatants were dried down then 
reconstituted with an equal volume of re-suspension solvent 
(water / methanol 1:1). An optimised binary gradient (Fig.1) 
using 20 mM ammonium formate with 0.1% formic acid 
(Pump A) and methanol (Pump B) was used with a 
Phenomenex Kinetex C18 column (1.7 um, 100 × 2.1 mm) 
with a flow rate of 0.4 mL/min and maintained at 50°C (LC 
system: Shimadzu Prominence XR).
A hybrid ion trap-time of flight mass spectrometer, 

LCMS-IT-TOF (Shimadzu Corporation, Kyoto, Japan) was used 
for analysis. Data acquisition was by ESI using continuous 
polarity switching in order to ionize a full range of analytes in 
positive and negative mode in a single run. Data-dependent 
MS/MS and MS3 was used with appropriate dynamic and 
static exclusion lists and triggering thresholds. The sample was 
analysed with five replicates for statistical analysis. Data 
processing was completed using either XCMSOnline (Scripps 
Center for Metabolomics, La Jolla, Calif.) or Shimadzu Profiling 
Solution software combined with the statistical program 
SIMCA-P (Umetrics, Umeå, Sweden).

Fig. 1  LC conditions were optimized to separate different lipid classes balanced with retention of polar compounds such as amino acids 
           and fatty acids. Optimized separation used curved binary gradient (-3) from 2% to 100% solvent B (gradient superimposed).  
           Extracted ion chromatograms demonstrate effective separation of diacylglycerophospho-cholines.  
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Fig. 2  Profiling Solution was used to align data using a novel spectral ion binning algorithm. 
           963 ions were detected in the chromatogram matrix, 43 of which were detected as background ions by inclusion of blank samples 
           in the analysis (mass range m/z 150-1000; positive ion mode). 

50% methanol:
571 ions > 500,000 intensity

Water:
546 ions > 500,000 intensity
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95% methanol:
618 ions > 500,000 intensity
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Fig. 4  Sample re-suspension solvent comparison: 95% methanol to 95%
           acetonitrile. Although one solvent may offer higher numbers of
           metabolites with an intensity over 500,000 (m/z 150-1000 positive
           ion mode) another solvent may enable better detection of different
           metabolites
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95% methanol:
618 ions > 500,000 intensity

95% acetonitrile:
439 ions > 500,000 intensity

3. Results
Optimization of LC separation resulted in an accelerated 
binary gradient that succeeded in separating complex lipid 
species (Fig.1). Although not optimal for very polar 
compounds such as amino acids, analysis of these 
compounds was performed in another study using HILIC 
and PFP column stationary phase. Sample re-suspension 
buffer was investigated comparing 50% methanol to 95% 

and simply water. Ions measured m/z 150-1000 were 
chosen to represent sample composition. Solvent blanks 
were also included in the analysis to enable detection and 
exclusion of background ions from the analysis. Profiling 
Solution was used to align data using a novel ion binning 
alignment algorithm (Fig.2).

Sample preparation involved protein precipitation in 
methanol, centrifugation, supernatant dry-down and 
sample re-suspension. The choice of solvent used for 
sample re-suspension was investigated due to several 
different published methods in scientific literature. 

Although re-suspension in methanol should guarantee no 
metabolites left un-dissolved, LC separation of polar 
compounds may be influenced and cause poor retention 
and peak shape. 
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Fig. 3  Sample re-suspension solvent comparison: 95% methanol can 
           potentially increase the number of metabolites detected with an
           intensity over 500,000 (m/z 150-1000 positive ion mode) however
           the reduced quality peak shape and column retention meant that 
           a compromise of 50% methanol was used. 
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Sample preparation in water, an established method for 
metabolite analysis(1), can offer best separation of polar 
compounds however may not produce optimum signal 
intensity for less polar compounds such as lipids. In this 
study re-suspension in 95% methanol enabled detection of 
the highest number of metabolites over 500,000 intensity 
(Fig. 3), however to compromise between optimum solvent 
for peak intensity versus peak shape of polar compounds 
50% methanol was chosen for further experiments. 
Re-suspension in different solvents can potentially realize 
many different compounds present in the metabolome(2) 
(Fig. 4), however the practicality of repeating all analyses 

multiple times with different preparation methods has to 
be balanced with other equally important factors such 
acquisition (positive / negative) and mass range (m/z 
70-2000). With the potential of detecting several thousand 
metabolites using complementary techniques (GC-MS, 
LC-MS, HILIC, PFP, RP, ESI, APCI) untargeted approaches 
inevitably become semi-targeted as a generic method is 
adopted. 
Sensitivity was maximized by performing data acquisition in 
mass ranges m/z 70-250, 150-1000, 1000-2000 (Fig.5). 
MSn data directed acquisitions were included to enable 
proportionate scans through the mass ranges of interest. 

Fig. 5  Total ion chromatograms for different mass ranges demonstrated the majority of plasma metabolites were detected in the mass
           range m/z 150-1000 however significant numbers of lipid compounds were detected at higher masses.

Fig. 6  Workflow describing the process of metabolite identification. This was performed using a number of complementary techniques 
           because no single method proved universally definitive for reliably identifying an ion. XCMS-Online was easy to use with seamless
           integration of Metlin database and statistical functions. Although requiring more steps, the workflow highlighted blue was chosen
           due to the added ability to define several sample types for data alignment and unlimited user defined metabolite identification via
           an Excel workbook. On-line confirmation of MS assigned IDs using MS/MS data successfully confirmed a proportion of accurate mass
           MS identifications. 
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Table 1  Metabolites confirmed by MS/MS databases: 
              In many cases phospholipid metabolites shared common fragment ions making IDs
              uncertain with authentic standard analysis the only possible way to 100% confirm
              the ID of a metabolite. 

4. Conclusions
Untargeted workflows become semi-targeted because 
sample preparation and the chosen analysis technique 
limit the scope and depth of the metabolome that can be 
analyzed. 

Metabolite identification is a complex process that can require 
the analysis of authentic standards due to limited database 
information. Limiting analysis to one database could 
significantly reduce the success of a metabolomics study. 
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Fig. 7  The proportion of 106 most intense
           ions, IDs confirmed as metabolites 
           by manual data analysis. 36% of 
           identified metabolites could
           reliably be compared to on-line
           MS/MS data. 
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