
Using Parallel Accumulation Serial Fragmentation 
(PASEF) to speed up untargeted 4D lipidomics  
LC-MS/MS workflows

The search for new and validated biomarkers is of particular interest in clinical  
areas like oncology [1, 2] or neurology [3]. As lipids play an important role in many  
diseases, the area of lipidomics has become central for clinical research. 

Introduction

While commonly an in-depth  
oriented approach to ID as 
many lipids as possible is  
applied, clinically-oriented projects  
demand a high throughput for 

large sample cohorts. Therefore, 
a short cycle time per sample 
is necessary to realize research 
projects with hundreds or even 
thousands of samples in a  
reasonable time frame. To enable 
this, the analytical instrumentation  

needs to deliver an uncom-
promised high data quality 
at high acquisition speeds. 
This is realized by the PASEF  
(Parallel Accumulation Serial Frag-
mentation)  [4] acquisition mode  
on the timsTOF Pro system.
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Methods
Lipids from NIST SRM 1950  
reference plasma were extracted 
based on a protocol published by 
Shevchenko et al. [5]. Extracts were dis-
solved in Methanol:Dichloromethane  
(9:1). The total amount of lipids 
injected on column equaled 0.5 µL 
extracted standard (5 µL injections 
with 5 replicates, each).

The reversed phase based LC  
separation was performed using an 
Elute UHPLC system and a Bruker 
intensity C18 column (100 x 2.1 mm, 
1.9 μm). Run times were 6, 11 and  
20 minutes, respectively. The 
MS data was acquired in positive  
ESI mode using a timsTOF Pro  
instrument in PASEF MS/MS mode. 
The transfer parameters were  
optimized for 100-1500 m/z,  

precursors were fragmented from 
300-1500 m/z. 

The resulting data were processed 
considering all four dimensions (m/z, 
RT, mobility and intensity) using 
MetaboScape 5.0. In the specified 
range of 300-1200 m/z, the T-ReX 4D 
algorithm combined all adducts and 
isotopes belonging to the same lipid 
into features in the so-called bucket 

Figure 2: Screenshot of MetaboScape 5.0 showing a bucket table of the 20 minute LC-PASEF analyses. The AQ score gives feedback on the quality of IDs

Figure 1: Different gradient lengths applied to SRM 1950 lipid extract
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table. Features occurring in blank 
samples with an intensity > 2 fold 
vs. samples were subtracted. The 
remaining features were matched 
against the open source in-silico  
MS/MS library LipidBlast [6] and  
identified based on the fitting of  
precursor m/z, isotopic pattern and 
MS/MS spectra. In order to compare 
the numbers of assigned lipid classes 
on sum composition level, only the 

most abundant species of each class 
were considered (i.e. isomers eluting  
with different retention times were 
removed). CCS prediction was done 
using CCSPredict, a tool imple-
mented in MetaboScape. It is based 
on a machine learning approach first 
described by Zhou et al. [7]. For the 
spike-in experiment, a SRM 1950 
plasma extract was spiked with lipid  
standards.

Results

The aim of this study was to demon-
strate the power of PASEF for 4D 
lipid profiling. The setup of the  
experiments was chosen to prove 
first the performance for an in-depth 
“ID as many lipids as possible” 
approach in hyphenation with an 
analytical Elute UHPLC and gradient  
lengths of 20 minutes. Second, 
the LC run times were reduced in 
order to evaluate the feasibility to 
enable increased sample throughput 
which is required for large cohort  
profiling, e.g. in clinical research studies  
(Figure 1). Here, in particular the  
benefit of the super-fast MS/MS 
acquisition speed of PASEF was 
investigated (Figure 3).

For an in-depth 20 min runtime  
analysis, the number of identified 
lipids was 392 (Figure 2, Table 2). 
On a sum composition level, this 
corresponds to  286 lipid classes 
(Figure 5), in comparison to 217 
classes described in an inter- 
laboratory study by Bowden et al. [7]. 
A high overlap of 158 classes was 
observed, confirming the validity of 
the 4D-lipidomics profiling workflow.  
The number of lipids assigned in 
the present study was higher for 
several lipid classes, especially the 
number of PCs increased by a factor 
of > 2. The total numbers of buckets  
lowered to 87% and 82% from 
the initial amount when reducing 
the run time from 20 minutes to  
11 and 6 minutes, respectively. 
Still more than 200 lipids could be  
identified even in 6 minute analyses.  

The power of the high speed PASEF 
technique is presented in Figure 3: 
within 0.1 minutes, 102 precursors  
were picked for fragmentation, 
some of them multiple times. Per 
100 ms ramp, PASEF picked up to 9  
precursors. The trapped ion mobility  
provides the resolving power 

MS timsTOF Pro

Source Apollo II ESI source

Ionization ESI(+), 4500 V Capillary Voltage

Scan range 100–1500 m/z 

Acquisition mode PASEF MS/MS, 100 ms ramp time, 2 PASEF MS/MS cycles

Calibration
Internal mass calibration through automation, Sodium Formate, 
Mobility calibration before sequence using Agilent Tunemix

UHPLC Bruker Elute

Column Bruker intensity C18 column (100 x 2.1 mm, 1.9 μm)

Column Oven Temp. 55°C (20 and 10 minutes); 65°C (6 minutes)

Flow Rate 0.4 mL/min

Mobile phase
A: ACN/H2O (60:40, 10 mM NH4Ac, 0.1% FA)
B: iPrOH/ACN (90:10, 10 mM NH4Ac, 0.1% FA)

Gradient

0 min 40% B

2 min 43% B

2.1 min 50% B

12 min 54% B

12.1 min 70% B

18 min 99% B

18.1 min 40% B

20 min 40% B

Data processing MetaboScape 5.0 & DataAnalysis 5.2

Table 1: UHPLC MS equipment and setup for lipid profiling



to separate critical pairs. This is  
presented in the cutout in Figure 3  
on two isobaric PC 34:2e and PE 36:2  
lipid species. They co-elute on the 
LC domain but are separated by 
TIMS and fragmented subsequently. 
Figure 4a displays the respective 
extracted ion chromatogram traces. 
The mass difference of the precursors  

was only 36 mDa (Figure 4b). No 
standard QTOF system would be 
able to isolate these masses and 
thus acquire mixed MS/MS spectra 
(Figure 4c). The mobilogram traces 
of both compounds show a mobility 
separation close to baseline level. 
Additionally, the benefit of the auto-
matically extracted CCS values is 
presented (Figure 4d). These can be 
compared with values predicted by 
CCSPredict in MetaboScape. The 
matching of values for both lipids 
was < 0.5%. The additional CCS 
values and the clean MS/MS spectra 
increased the confidence in the lipid 
assignment. Figure 4e highlights the 
mobility separated PASEF MS/MS 
spectra for both lipids. The fragment  
spectrum of the PC contains only the 
characteristic PC head group frag-
ment (184 m/z) while the PE MS/MS  

spectrum shows a neutral loss of  
141 m/z which is characteristic for PEs. 

Finally, in order to evaluate the perfor-
mance of PASEF for high-throughput 
lipidomics applications using short 
gradients, an experiment using lipid 
standards spiked into the SRM 1950 
plasma sample was performed.

The PCA and the t-Test statistics 
calculated using the 6 minute data 
were able to reliably differentiate 
between the two different sample 
groups (spiked and non-spiked SRM 
1950, Figures 6a and b). This proves 
the performance of PASEF for high 
throughput lipidomics applications, 
e.g. for large cohort or clinical profiling  
studies.

Figure 3: In the time range of 4.6 to 4.7 minutes, PASEF picked 102 precursors, some of them several times. Multiply charged ions were excluded from 
fragmentation. The cutout shows two co-eluting isobaric lipids that were fragmented separately by PASEF (see also Figure 4)

Runtime 
[min]

Buckets IDs

6 2123 213

11 2260 283

20 2591 392

Table 2: Lipids identified in SRM 1950 at different 
LC run times
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Figure 4:  A  Base peak chromatogram (red), extracted ion chromatogram traces of an isobaric PC 34:2e (744.5911 m/z, orange) and PE 36:2 (744.5575 m/z, 
blue).  B  MS spectrum showing the acquired precursor masses. The difference is 36 mDa only.  C  The mixed MS/MS spectrum was acquired without 
additional mobility separation.  D  Extracted ion mobilograms showing a near-baseline separation of the two lipids and as well the matching of the measured 
vs. predicted CCS values.  E  Clean MS/MS spectra achieved by the mobility separation in PASEF mode.
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Figure 5: Comparing the identified lipid classes with data from an interlaboratory study. Especially for the Phosphatidylcholines (PCs), the presented 
approach shows improved performance

Figure 6:  A  Differences can be reliably  
detected via t-Test, even with 6 minute run 
times (Volcano plot, the dotted lines show the 
limits for p-value (0.05) and fold change (2)).   
B  PCA plot showing the grouping of spiked  
vs. non-spiked samples (PC1 plotted vs. PC2).   
C  Box plot of one of the spiked compounds
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Elute UHPLC

+

timsTOF Pro featuring PASEF

MetaboScape featuring CCSPredict

The perfect solution for high-throughput 4D Lipidomics

Conclusions

The potential of PASEF to increase the sample throughput by 4D lipidomics profiling was demonstrated.  
The crucial ability to separate co-eluting isobaric compounds and to identify differences between sample groups 
was maintained. With this, PASEF proves to be an optimal acquisition mode for deep profiling as well as for 
projects with high turnover needs, e.g. in clinical lipidomics research. Additionally, in combination with CCS 
prediction by CCSPredict the automatically extracted, accurate and reproducible CCS values add confidence  
for lipid identification.

• PASEF enables to increase the sample throughput using 4D lipid profiling by a factor of almost four

• Even at reduced LC run times, trapped ion mobility separates co-eluting isobaric or isomeric compounds and 
provides accurate and reproducible CCS values for high confident lipid ID. These CCS values can be used to 
confirm structures using CCSPredict

• Complementary to an in-depth “ID as many as possible” approach, PASEF enables a very fast lipid profiling 
based on clean MS/MS spectra
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