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Abstract
Complete and unambiguous characterization of lipids remains a challenging task 
in untargeted lipidomics approaches. To address this challenge, a highly curated 
lipidomics database amenable for LC/Q-TOF and Ion Mobility LC/Q-TOF was created 
with a standardized methodology that is easy to implement in many laboratory 
environments. To achieve this, a rugged, highly curated, comprehensive LC/TQ 
method covering a total of 763 lipids across all major lipid classes was used.1 This 
set of lipids was the starting point for the creation of a personal compound database 
and library (PCDL) that includes retention time (RT), MS/MS spectra, and collisional 
cross section. These serve as orthogonal measurement parameters that ensure 
higher confidence lipid identification. In this application note, the use of this highly 
curated PCDL2 is demonstrated within an untargeted lipidomics workflow designed 
to help users gain critical biological insights from their lipidomics data. 

Targeted Data Mining and Annotation 
of Untargeted High-Resolution 
Lipidomics Data

A comprehensive, high-confidence workflow
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Introduction
Mass spectrometry-based lipidomics profiling relies on the 
separation and subsequent identification of many structurally 
diverse lipids in a single analytical run. Efficient separation 
of lipids by chromatographic techniques is paramount for 
their accurate and unambiguous identification, particularly in 
complex biological extracts. Given the abundance of isomeric 
and isobaric species within each lipid class, coupled with 
their similar chromatographic behavior, lipid separation and 
annotation present notable challenges.

Liquid chromatography techniques for the resolution of 
lipid isomers and isobars have made significant progress 
in the last few years. Both reversed- and normal phase 
methods as well as SFC approaches are available. However, 
despite these significant improvements, lipid identification 
by mass spectrometry remains challenging. Complete and 
unambiguous characterization of lipids (by LC/MS) generally 
requires the identification of class, elemental composition, 
R-group position, number, location, and geometry of double 
bonds along with other parameters. Much of this structural 
information can be obtained through high-resolution mass 
spectrometry (HRMS) tandem MS/MS experiments, where 
the spectral data are analyzed against fragment libraries 
for compound identification. While small MS/MS spectral 
libraries from authentic standards are available, many lipid 
MS/MS spectra are annotated using in silico libraries. These 
might help provide some knowledge about lipid class and 
R-group chain length but do not often provide other essential 
molecular information, making complete lipid annotation an 
unrealistic goal.

To increase confidence in lipid identification and overcome 
the ambiguities in their annotation, it is common practice 
in mass spectrometry to use authentic standards. These 
standards serve to match mass features based on their 
RT, accurate mass, and fragmentation patterns when 
available. Unfortunately, this approach might be limited, as 
neat standards for thousands of lipids are not available. 
To address these challenges, alternative strategies for 
high-confidence lipid annotation are needed.

The task of profiling lipids in plasma was achieved to a high 
degree of confidence. The approach was to first use a rugged, 
highly curated, comprehensive LC/TQ method with 763 
lipids.1 This method was designed to cover all the major lipid 
classes in plasma from small lysolipids to larger nonpolar 
triacylglycerols. The method underwent a significant level of 
curation aiming to help facilitate the annotation of numerous 
lipid isomers, which also required synthesis of lipid standards 
with specific isomeric characteristics.3 

This method was transferred to a LC/Q-TOF and ion 
mobility LC/Q-TOF, which required converting the unit mass 
resolution masses of each precursor/fragment pair to the 
correspondent accurate masses. These accurate masses 
and their corresponding RTs were used as precursor ions in 
both targeted and untargeted experiments conducted using 
the LC/Q-TOF system. The HPLC separation method used 
in these experiments was the same as the original LC/TQ 
method. The MS/MS spectra generated by the LC/Q-TOF 
were then exported to create a PCDL, which could be used for 
the identification of putative lipid entries based on accurate 
mass, RT, and MS/MS spectra. 

RT is one of the most important parameters in annotating 
lipids with high confidence. Relative standard deviations 
(RSDs) of RTs from interlaboratory studies at four different 
sites were used to determine day-to-day and site-to-site 
variability of RT.4 RSDs for RT for > 600 lipids were found to 
be < 0.2%. To further increase confidence in lipid annotation, 
a set of collision cross section (CCS) values on the ion 
mobility LC/Q-TOF was generated. By including CCS values, 
ID Searches can now be done with accurate mass, RT, MS/MS 
spectral match, and CCS filtering—increasing confidence 
in annotations. 

The process of generating the high-confidence PCDL and the 
steps taken to ensure a high level of curation are described in 
detail in Agilent publication number 5994-7627EN.2 

This paper discusses the workflow implementation for using 
the high-confidence PCDL for annotating lipids. It covers all 
the steps from lipid extraction and data acquisition to the final 
step of lipid annotation using the high-confidence database. 

Workflow implementation
This workflow describes a method to profile 677 different 
lipid species from 44 lipid classes within a 10 µL sample 
of plasma, or an equivalent amount of cell or tissue 
homogenate. Lipids are separated by reversed-phase liquid 
chromatography followed by analysis on a high-resolution 
mass spectrometer. The total analysis time was 16 minutes 
per sample for a single column method, or a 13-minute 
run time for a dual column system. Agilent MassHunter 
Workstation software was used for data processing. 
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Experimental

Sample preparation
The procedure for sample preparation, including separation, 
is described in a previous Agilent publication.1 Briefly, lipid 
extractions were performed in 1.5 mL microcentrifuge 
tubes using polypropylene positive displacement pipettes. 
Ten microliters of plasma were mixed with 100 µL of 
extraction solvent, consisting of butanol:methanol (1:1) 
containing 10 mM ammonium formate and a mixture of 
internal standards. Each sample was then vortexed for 
5 seconds and later bath-sonicated for 1 hour, with the 
temperature maintained between 21 and 25 °C. Samples 
were then centrifuged (13,000 rpm, 10 minutes, 20 °C), and 
the supernatant was transferred into 1.5 mL glass sample 
vials (part number 5190-9062) with 200 µL glass inserts 
(part number 5183-2085). Samples were capped using 
PTFE/S caps (part number 5185-5820) and stored at –80 °C 
until analysis.

LC instrumentation
Agilent has recently introduced a standard multi-omics LC 
configuration that enables easy implementation of methods 
for the analysis of metabolites, lipids, and proteins on any 
mass spectrometer model. This LC configuration was 
implemented in the analysis and further showed the RT 
alignment that is possible with LC standardization. 

The LC consisted of an Agilent 1290 Infinity II LC system with 
the following modules:

 – Agilent 1290 Infinity II High-Speed Pump (G7120A)

 – Agilent 1290 Infinity II Vialsampler with Thermostat 
(G7129B)

 – Agilent 1290 Infinity II Multicolumn Thermostat (G7116B)

The LC configuration for targeted lipid analysis used an 
LC/TQ. For untargeted profiling experiments, an Agilent 
Revident LC/Q-TOF and an Agilent 6560 ion mobility 
LC/Q-TOF for mass spectral and ion mobility measurements 
were used. The common chromatographic conditions are 
shown in Table 1. 

Parameter Value

Analytical Column Agilent ZORBAX RRHD Eclipse Plus C18,  
2.1 × 100 mm, 1.8 µm (p/n 959758-902)

Inline Filter Agilent 1290 Infinity II inline filter, 0.3 µm, 2 mm id, 
1,300 bar (p/n 5067-6189)

Column Temperature 45 °C

Injection Volume 1 µL (equivalent to 0.1 µL plasma)

Autosampler Temperature 20 °C

Needle Wash
Wash vial, 3 s, 1:1 butanol:methanol

Alternatively, flush the port for 10 s with 1:1 mobile 
phase A:B

Mobile Phase

A) 10 mM ammonium formate, 5 µM Agilent 
InfinityLab deactivator additive (p/n 5191-3940) in 
5:3:2 water:acetonitrile:2-propanol

B) 10 mM ammonium formate in 1:9:90 
water:acetonitrile:2-propanol (Note: do not add 
InfinityLab deactivator additive to mobile phase B)

Flow Rate 0.4 mL/min

Gradient Program

Time %B 
0 15 
2.5 50 
2.6 57 
9 70 
9.1 93 
11 96 
11.1 100 
12 100 
12.2 15 
16 15

Stop Time 16 min

Post Time None

Table 1. Chromatographic conditions for lipidomics analysis using an 
Agilent Revident LC/Q-TOF and an Agilent 6560 ion mobility LC/Q-TOF.
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Agilent Revident LC/Q-TOF acquisition method
The Revident LC/Q-TOF platform with the Agilent Jet Stream 
ESI source was used to acquire MS/MS data. Data were 
collected in both positive and negative mode. Detailed 
experimental methods for chromatography and Auto MS/MS 
mass spectrometry parameters are provided in Table 2. 

Parameter Value

Gas Temperature 300 °C

Gas Flow 10 L/min

Nebulizer Pressure 25 psig

Sheath Gas Temperature 300 °C

Sheath Gas Flow 12 L/min

Capillary Voltage 3,500 V (+), 3,000 V (–)

Nozzle Voltage 0 V

Fragmentor 150 V

Skimmer 45 V

Octopole RF Vpp 750 V

Reference Mass m/z 121.050873, m/z 1,221.990637 (+) 
m/z 119.03632, m/z 980.016375 (–)

MS and MS/MS Range m/z 50 to 3,000 (+)

Minimum MS and MS/MS 
Acquisition Rate

3 spectra/s

Isolation Width Narrow (~1.3 m/z)

Collision Energy 25 eV 

Maximum Precursors per Cycle 3

Precursor Abundance-Based 
Scan Speed with Precursor 
Abundance-Based Acquisition Speed

Yes, target 25,000 counts/spectrum

Use MS/MS Accumulation Time Limit Yes

Reject Precursors that Cannot Reach 
Target TIC

No

Threshold for MS/MS 5,000 counts and 0.001%

Active Exclusion Enabled Yes, one repeat, then exclude for 
0.05 minutes

Purity Stringency 70%, cutoff 0%

Isotope Model Common organic molecules

Sort Precursors 1, 2, unknown

Static Exclusion Ranges m/z 40 to 151 (+) 
m/z 40 to 210 (–)

Table 2. Agilent Revident LC/Q-TOF Auto MS/MS parameters.

Agilent 6560 ion mobility LC/Q-TOF acquisition method 
The Agilent 6560 ion mobility LC/Q-TOF platform with the 
Agilent Jet Stream ESI source was used for determining the 
CCS values for lipids. Ion mobility (IM) mass spectrometry 
data were collected in both positive and negative ionization 
modes from m/z 50 to 3,000 with a cycle time of 1 s/spectra, 
an IM trap fill time of 3,800 µs, and trap release time of 
250 µs. Multiplexing was used with a four-bit pulsing 
sequence length. Lipids were fragmented by collision induced 
dissociation using a data-independent acquisition All Ions 
method and alternating frames between 0 and 25 V collision 
energy. Acquisition parameters for the IM LC/Q-TOF are 
shown in Table 3. 

Parameter Value

Gas Temperature 300 °C

Gas Flow 10 L/min

Nebulizer Pressure 25 psig

Sheath Gas Temperature 350 °C

Sheath Gas Flow 11 L/min

Capillary Voltage 3,500 V (+), 3,000 V (–)

Nozzle Voltage 1,000 V

Fragmentor 400 V

Octopole RF Vpp 750 V

Reference Mass m/z 121.050873, m/z 1,221.990637 (+) 
m/z 119.03632, m/z 980.016375 (–)

MS and MS/MS Range m/z 50 to 3,000 (+)

Frame Rate 0.9 frames/s

IM Transient Rate 17 IM transients/frame

Collision Energy 25 eV 

Maximum Drift Time 60 ms

Drift Tube Entrance Voltage 1,750 V

Table 3. Agilent 6560 ion mobility LC/Q-TOF data-independent 
acquisition parameters.

Software for data analysis
Agilent ChemVista software was used to manage and edit the 
lipid libraries (PCDLs). The data analysis method, Lipids.m, 
was used for batch-targeted feature extraction using (+H) and 
(+NH4 ) checked for positive ions and (−H) and (+CH3COO)– 
for negative ions. 
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Agilent MassHunter Mass Profiler Professional (MPP) 
software version 15.1 is used for differential analysis. Two 
experiments (positive or negative ion) were created with the 
Lipidomics experiment type. A percentile shift normalization 
algorithm (75%) was used, and datasets were baselined to 
the median of all samples. Agilent MassHunter Mass Profiler 
(MP) software and MPP offer statistical analysis software 
tools for examining and interpreting complex lipidomics 
results. MP and MPP enable RT and m/z alignment for 
features across samples, response normalization, and 
statistics for identification of significant differences between 
samples. MPP has an added experiment type for annotated 
lipid analysis, which allows lipid class-based normalization 
and visualization tools. 

Agilent MassHunter ID Browser version 10.0 was used within 
MPP to make annotations in the untargeted workflow, with 
masses ± 5 ppm and RTs ± 0.10 minutes as required criteria.

Data analysis for IM LC/Q-TOF and LC/Q-TOF data files
Files were processed using MP software. Note that for 
multiplexed data files, the files are first demultiplexed before 
using MP. Briefly, demultiplexed data files from the IM 
LC/Q-TOF or .d files from the LC/Q-TOF are imported into MP 
or MPP in a batch mode. After feature extraction, entities are 
annotated using the high-confidence PCDL. Annotations are 
based on accurate mass, RT, and MS/MS spectra match. For 
the IM LC/Q-TOF data files, the CCS value is also matched to 
provide a high degree of confidence for lipid annotations. A 
general schematic of the workflow for data acquisition and 
data analysis is shown in Figure 1. Figure 2 shows the steps 
and workflow for data analysis. 

Agilent Revident LC/Q-TOF

Profile and identify using a high-confidence PCDL

Agilent Mass Profiler 
software

Agilent MassHunter 
ID Browser

Agilent Mass Profiler 
Professional software

Agilent 6560 ion mobility LC/Q-TOF

Figure 1. Workflow for data acquisition and data processing.
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Results and discussion 
Results from Step 1 of the data processing step in 
Figure 2, which includes feature-finding and annotation, 
are shown in Figure 3. Each of the rows in the table in 
Figure 3 can be examined in more detail to show the 
extracted ion chromatogram and the mass spectrum of the 
selected feature.

Lipid matrix is one of several visualization tools available 
for viewing lipid data in MPP. The graphic display shows 
the different levels of abundance in the samples for each of 
the lipids in the PC class. Blue means less abundance. Red 
means strong abundance, and the colors between blue and 
red mean increasing degrees of abundance, from yellow to 
orange to red. Figures 4 and 5 show one of several plots for 
viewing lipid data. Mass versus RT, colored according to lipid 
class, is shown in Figure 5. 

A Kendrick mass defect plot is an excellent tool for visualizing 
homologous series, as shown in Figure 6.5 Compounds with 
the same number of heteroatoms and number of rings plus 
double bonds, but different numbers of CH2 groups will have 
an identical Kendrick mass defect. These compounds line 
up in a horizontal line on the plot. Any potential database 
mismatches or missing annotations can easily be identified.

Figure 2. Schematic of the workflow for data analysis.

Processing data

Find features
Agilent Mass Profiler software

– Add samples

– Edit the method

– Extract and review features

Identify compounds
Agilent MassHunter 

ID Browser

– Set up a method

– Specify a PCDL

– Identify the compounds

– Create .cef files for export

Step 1. Processing data files with 
Agilent Mass Profiler software.

Step 2. Statistical analysis with Agilent 
Mass Profiler Professional software 
using exported .cef files from Step 1.

– Create a lipidomics experiment

– Import and group the .cef files

– Review the lipid information

Analyzing lipids
Agilent Mass Profiler 
Professional software
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Figure 3. Results from the annotation of a NIST plasma extract using the high-confidence PCDL.
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Figure 4. The lipid matrix generated using Agilent Mass Profiler Professional software from Step 2 in Figure 2. Results are shown for PC.
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Figure 5. Plot of mass versus RT for different classes of lipids.

Figure 6. Kendrick mass defect plot showing lipids differing by a CH2 group.
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Conclusion
 – A workflow for generating high-quality and high-confidence 

lipid annotations from untargeted LC/Q-TOF and IM 
LC/Q-TOF data was described.

 – A PCDL was created that covers all the major lipid classes.

 – The LC/Q-TOF and IM LC/Q-TOF workflow uses a 
high-confidence lipid PCDL with accurate mass, RT, 
MS/MS, and collision cross section entries.

 – The workflow covers sample preparation, data 
acquisition, and data analysis resulting in high-confidence 
lipid annotations for untargeted LC/Q-TOF and IM 
LC/Q-TOF data.
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