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Introduction

While shotgun lipidomics has advanced the field of
lipid analysis, it suffers from limitations that have led
to a shift towards chromatographic-based lipid
profiling approaches using HPLC coupled to HRMS.
To improve these workflows, we demonstrate a novel
software tool that enables product-ion spectral
matching against an /n-silico generated database to
annotate iterative-mode MS/MS spectra. The tool
takes special care not to over-annotate lipid entities
and quickly generates an accurate-mass retention
time (AMRT) database in an automated fashion. The
resulting database annotates MST1 lipid profiling data
for downstream differential analysis and incorporates
new lipid-specific visualization tools. We applied this
novel workflow to study lipidome alterations of an
acute-myeloid-leukemia cell line in response to a drug
treatment combination.

Experimental

Sample Preparation

Acute-myeloid-leukemia K562 cells were cultured in
supplemented RPMI medium. Six-well plates were
seeded with 2.4x10° cells/mL and four different
treatments were applied: 0.5 mM bezafibrate (BEZ),
5 mM medroxyprogesterone acetate (MPA), BaP
(combination of 0.5 MM BEZ and 5 mM MPA), or
vehicle control (1:1 ethanol:DMSO0). Four replicate
wells were prepared for each treatment. After
incubation for 24 hours, cells were pelleted by
centrifugation, washed with
PBS (1 mL, 4°C), re-pelleted,
and the pellets were flash-
frozen and stored at -80°C.
Lipids were extracted with
a modified Folch biphasic
extraction procedure.

Experimental

LC/MS Method

Major UHPLC and AutoMS/MS parameters are as
follows:

Agilent 1290 Infinity Il LC System

Column Agilent InfinityLab Poroshell 120 EC-C18,
3.0 x 100 mm, 2.7 um
Guard column  Agilent InfinityLab Poroshell 120 EC-C18,
3.0x5mm, 2.7 um
Columntemp. 50°C
Injection vol. 2 UL (positive), 5 pL (negative)
Mobile phase  A: 10 mM ammonium acetate, 0.2 mM ammonium
fluoride in 9:1 watermethanol
B: 10 mM ammonium acetate, 0.2 mM ammonium
fluoride in 2:3:5 acetonitrile:methanol:isopropanol
Flow rate 600 pL/min
Gradient Time (min) %A %B
0.00 30 70
1.00 30 70
3.50 14 86
10.00 14 86
11.00 0 100
17.00 0 100
17.10 30 70
19.00 30 70
Column 170 to 300 bar
pressure

Agilent 6546 LC/Q-TOF mass spectrometer

lon source

Agilent Jet Stream

Polarity

Positive or Negative

MS and MS/MS mass range

my/z40-1700

Min MS and MS/MS acq rate

3 spectra/s

Isolation width

Narrow (~1.3 m/2)

Collision Energy

20 eV(+),25¢eV (-)

Max precursors per cycle 3
Precursor abundance-based Yes, target 25,000
scan speed counts/spectrum

Active exclusion

1 repeat, then exclude 0.5 min

Isotope model

Common organic molecules

lterative MS/MS mass tolerance

+20 ppm

lterative RT exclusion tolerance

+ 0.1 min




Results and Discussion

Data Analysis Workflow
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Figure 1. Targeted Lipidomics Workflow. The dark blue boxes
indicate Agilent MassHunter software.

Database Generation

With Lipid Annotator software, a total of 440 features
were annotated from five positive-ion Iterative MS/MS
datafiles (Fig 2), and 688 features were annotated from
five negative-ion datafiles. Results were used to
automatically generate a custom Personal Compound
Database and Library (PCDL) containing accurate
masses, spectra and retention times.

Feature Plot Lipid Classes
Number of Lipids

e Coloredy Highlightng,
Fuly dentiied | [mizvs T «|[upaciss =] [ione

FLR
Mass vs RT Plot

] T A ¥
i G NS
, ¢ TR L

- "W

© e z 5 - e - s frea ) asor

sl Fcature Table with Annotations

PieChart g

Figure 2. View of Agilent MassHunter Lipid Annotator software

results from a batch of five positive-ion Iterative MS/MS datafiles
acquired on a pooled K562 cellular lipid extract. Iterative MS/MS
data was previously shown to improve lipid annotation coverage.’

Lipid Profiling Demonstrates Disrupted Lipogenesis

The PCDL was used as the formula source for Batch
Targeted Feature Extraction in Profinder on the 16 MST
datafiles. Results were imported into Mass Profiler
Professional (MPP) for statistical analysis. The resulting
PCA and sample correlation showed clear effects of the
different treatments (Fig 3). In agreement with a previous
report?, BEZ contributed most to the combination drug
(BaP) effect.

Figure 3. MPP PCA
(left) and sample
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Differences in lipid class profiles were observed with drug
treatment (Fig 4). Specifically, increased TAG and
decreased DAG levels with BaP treatment agreed with a
previous report?, while the workflow also newly identified
differences in BMP, CE, CL, Cer_NS, and SM levels.

BEZ BaP MPA Vehicle Lipid Class  BaPEffect  Notes
ACar -
BMP I NEW
CE Il NEW
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Figure 4. MPP lipid matrix (heatmap) of total normalized lipid
class abundances across drug treatments. The table
summarizes the observed effect of BaP treatment (T = increase,
! = decrease), and whether the effect is a new finding not
previously reported.



Results and Discussion

A heatmap of 113 phosphatidylcholine (PC) features revealed minor trends, showing a decrease in PCs with saturated
chains and an increase in PCs with polyunsaturated chains (Fig 5).
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Figure 5. Comparison of annotated PC features across drug treatments, showing MPP heatmap (left) and boxplots of two selected PC

Conclusions

features (right).

The LC/MS approach enabled chromatographic
separation of lipid isomers with the same exact mass.
Many isomers displayed differential responses to drug
treatment (Fig 6). In some cases, the MS/MS spectra
provided further structural information as to the nature of
the isomers.
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Figure 6. Profinder chromatograms for a pair of ceramide
isomers (sum composition 42:2, left panel), and head-to-tail plots
from Lipid Annotator (right) provided evidence for Cer_NS
d18:1_24:1 and Cer_NS d18:2_24:0.
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A novel lipidomics workflow was applied to study the
effects of drug treatment on AML cells

» Results supported a previous report including a
decrease in DAG, an increase in TAG, and an
enrichment of PCs with polyunsaturated fatty acids
with BaP treatment.

New results demonstrated differential levels of Cer_NS,
CL, SM, CE, and BMP lipid classes, including lipid
Isomers.

Taken together the results demonstrate that the workflow
achieved a more comprehensive lipid annotation and
more in-depth lipid profiling than previously published?.
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