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Introduction

Shotgun lipidomics by ESI-MS is widely used for global analysis of lipids in
biological samples such as human plasma. Direct-infusion ESI-MS by
nanoflow (flow rate < 1 uL/min) is routinely performed to achieve high
Key Words sensitivity for identifying and quantifying hundreds of lipid species in small
volumes of samples. Current single-nozzle emitter technologies including
PicoTip"*** and NanoTip® have been utilized for shotgun lipidomics at
the nanoflow. The Newomics award-winning silicon multinozzle emitters
(M3 emitters) split the incoming nanoflow eluent into multiple sub-
nanoflows at each nozzle, thereby significantly enhancing the
ionization eficiency and reducing the matrix effects for ESI-MS®"#'°,
In this Application Note, we demonstrate the optimization of sensitivity,
throughput, and robustness for shotgun lipidomics of human plasma
samples, using Newomics® M3 emitters interfaced with a Thermo Fisher
TSQ Quantiva™ mass spectrometer. The identification and quantification
of 577 lipid species from 12 classes in 5 uL human plasma were achieved
using precursor and neutral loss modes in a 30-min scan.
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Methods

1. Sample preparation

Pooled human plasma samples (NIST SRM1950)
were thawed at room temperature before lipid
extraction. The solvents including chloroform,
isopropanol, water, and methanol were
HPLC-grade and purchased from Sigma-Aldrich
(St. Louis, MO). The lipid standards other than
free fatty acids were purchased from Avanti Polar
Lipid (Alabaster, AL). The isotope-labeled free
fatty acids, DHA d5, EPA d5, and AAd11, were
purchased from Sigma-Aldrich (St. Louis, MO).
The other lipid internal standards are PC 33:1 d7,
PC 48:2, PE 33:1 d7, PE 4ME 16:0 diether, PG
33:1d7, PG 4ME 16:0 diether, PI 33:1 d7, LPC
18:1d7,LPC 14:0, LPE 18:1 d7, CE 18:1d7,

DAG 33:1d7,TAG 48:1 d7, SM 36:2 d9, SM

30:1, and Cer 17:0. Total lipids were extracted
from 5 pL plasma using a modified Bligh & Dyer
method11. The extracted total lipids were dried
under gas nitrogen and reconstituted in acetoni-
trile: isopropanol: water (65:30:5, v/v/v, 7.5 mM
ammonium formate) for direct infusion ESI-MS.

2. Mass spectrometry analysis

ESI-MS/MS mass spectra were acquired on a
Thermo Fisher TSQ Quantiva triple quadrupole
mass spectrometer interfaced with an UltiMate
3000 RSLC nano UPLC system (Thermo Fisher
Scientific). The conditions for mass spectrometer
settings were listed on Table 1. The 12.5 L lipid

sample was continuously infused into the
mass spectrometer at a flow rate of 500
nL/min through a New Objective PicoTip™
emitter (single nozzle, 30 um ID, catalog #
FS360-50-30-D20), a Thermo Fisher stainless
steel emitter (NanoTip, single nozzle, 30 um
ID, catalog # NC0379152), or a Newomics®
M3 emitter (8 nozzles, 10 um ID, catalog #
E8N10MUO01). The infusing solvent consisted
of acetonitrile: isopropanol: water (65:30:5,
v/v/v) and 7.5 mM ammonium formate, which
was the same as the sample solvent. The
scan rate was 1000 Da/sec. Collision induced
dissociation (CID) gas was set at 0.5 mTorr.
No source fragmentation voltage was applied.
The ion transfer tube temperature was set at
300 °C and the electrospray voltage was
optimized and set at 1.8 kV for PicoTip, 2.2 kV
for NanoTip, and 3.5 kV for M3 emitter,
respectively. Different classes of lipids were
scanned at different modes. Precursor ion
scan (Prec184) was applied to detect PC,
LPC, and SM. Neutral loss scan (NL141) was
applied to detect PE and LPE. The PI, PG,

CE, and Cer were detected at NL277, NL189,
Prec369, and Prec264, respectively. The
collision energy applied in each scan mode
was 40V (Prec184),30V (NL141),36V
(NL277),24V (NL189), 36 V (Prec369), and 22
V (Prec264), respectively.

Table 1: Mass spectrometer parameters for shotgun lipidomics using three types of emitters

| PicoTp | WM3emittr | NamoTip __

Flow rate (nL/min)
Mass spectrometer

ID and nozzle number
Scan rate

Collision induced dissociation gas

Electrospray voltage 1.8 kV

lon transfer tube temperature
Gas flow (L/min)

Injection mode and volume
Sample solvent
Run time

Infusing solvent or mobile phase

30 um, 1 nozzle

500

Thermo TSQ Quantiva

10 um, 8 nozzles 30 um, 1 nozzle
1000 Da/sec

0.5 mTorr

3.5 kV 2.2 kV

300 °C
0

User defined, 15 pL out of 20 pL loop

Plasma lipid extract in acetonitrile:Isopropanol:Water (65:30:5,
vivlv) and 7.5 mM ammonium formate

30 min

Acetonitrile:Isopropanol:Water (65:30:5, v/v/v) and 7.5 mM

ammonium formate



DAG and TAG were scanned by the neutral loss
of fatty acyl residues. These multiple neutral loss
scans of fragmentation enabled the quantifica-
tion of isobaric TAG species™ ™ . The collision
energy for the loss of fatty acyl residues was 32 V.
The mass analyzers were adjusted to achieve a
resolution of 0.7 atomic mass (am) unit full width
at the half height.

3. Lipid identification and quantitation

The lipid internal standards and parameters of
each scan for shotgun lipidomics are listed on
Table 2. Raw MS data was processed using
Thermo Xcalibur 3.0 and MSFileReader software
(Thermo Fisher Scientific). Each lipid class was
scanned at a specific mode and one continuum
spectrum was acquired. At Prec184 mode speci-
fically for PC, there were 29 continuum scans.
Using the Xcalibur 3.0 software, the 29 continu-
um scans of Prec184 were averaged, smoothed,
and the peak intensities were determined in the
centroid mode at each mass-to-charge ratio
(m/z). The data list of mass-to-charge ratios and
the corresponding peak intensities were copied

and pasted into a Microsoft Excel sheet. Besides
the Prec184, the 88 continuum scans of NL141
were also averaged, smoothed, and the peak
intensities were pasted into a Microsoft Excel
sheet. Similar procedures were performed for
NL277 (79 continuum scans), NL189 (130 conti-
nuum scans), Prec369 (40 continuum scans),
Prec264 (196 continuum scans), and neutral loss
of each fatty residue (29 continuum scans). Free
fatty acids, free DHA, free EPA, and free AA, were
detected by selected ion monitoring (SRM) and
quantified by the corresponding isotope-labeled
internal standard. A software tool developed in
house at Newomics was used to automatically
average and smooth the continuum scans at each
scan mode and transfer peak intensities into sep-
arate Microsoft Excel sheets. Identification of the
peaks of interest and calculation of lipid species
amounts were performed using consoles in Micr-
osoft Excel. Corrections for overlap of isotopic
variants were applied. The lipids in each class were
quantified using the internal standards of that
class, respectively. The lipids chosen as the inter-
nal standards were not present endogenously in
measurable quantities in plasma samples.

Table 2: Parameters for each of the 12 lipid classes in our shotgun lipidomics platform

_ e e — (V)

Phosphatidylcholine (PC) PC 33:1 d7; PC 48:2

Phosphatidylethanolamine (PE)
Phosphatidylglycerol (PG)

Phosphatidylinositol (PI) PI 33:1 d7
Lysophosphatidylcholine (LPC) LPC 18:1 d7; LPC 14:0

Lysophosphatidylethanolamine (LPE) LPE 18:1 d7

Cholesteryl Ester (CE) CE 18:1 d7
Diacylglycerol (DAG) DAG 33:1 d7
Triacylglycerol (TAG) TAG 48:1 d7

Sphingomyelin (SM) SM 36:2 d9; SM 30:1
Ceramide (Cer) Cer 17:0

Free fatty acid (FFA)

PE 33:1 d7; PE 4ME 16:0 diether

PG 33:1 d7; PG 4ME 16:0 diether

DHA d5, EPA d5, AA d11

Prec 184, positive 40V
NL 141, positive 30V
NL 189, positive 24V
NL 277, positive 36V
Prec 184, positive 40V
NL 141, positive 30V
Prec 369, positive 36V
Multiple NL, positive 32V
Multiple NL, positive 32V
Prec 184, positive 40V
Prec 264, positive 22V
SRM, positive 12V



Results and Discussion

1. A shotgun lipidomics platform for human plasma

We established a shotgun lipidomics method by direct infusion ESI-MS/MS analysis of pooled plasma samples. The
12.5 pL lipid sample was continuously infused into the mass spectrometer at a flow rate of 500 nL/min (Figure 1A).
During the 30-min direct infusion, the mass spectra of 12 lipid classes, including charged and neutral lipid classes,
were consecutively acquired. The 12 classes of lipids were identified and quantified, including phosphatidylcholine
(PC), lysophosphatidylcholine (LPC), phosphatidylethanolamine (PE), lysophosphatidylethanolamine (LPE), phosp-
hatidylinositol (Pl), phosphatidylglycerol (PG), sphingomyelin (SM), ceramide (Cer), diacylglycerol (DAG), cholesterol
ester (CE), triacylglycerol (TAG), and free fatty acid (FFA). Detailed scan parameters for each lipid class were display-
ed on Table 2. As a representative, neutral loss mode was applied to scan PE and the acquired spectra were shown
(Figure 1B). Our shotgun lipidomics platform quantified 577 lipid species in human plasma, including 61 PC species,
25 LPC species, 59 PE specie, 17 LPE Species, 12 Pl species, 21 PG species, 41 SM species, 14 Ceramide species, 10
DAG species, 29 CE species, 185 TAG species, and 3 free fatty acid species (Figure 1C).
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Figure 1. Shotgun lipidomics of pooled human plasma showing identification and quantification of 577
lipid species. A. TIC of lipid spectra acquired by direct infusion ESI-MS of one sample. Each lipid class
was scanned in a separate segment. B. Spectra of the neutral loss 141 scan for PE species. C. Number
of lipid species in each of the 12 lipid classes that were identified and quantified using our shotgun
lipidomics platform.



2. Sensitivity increase for lipid analysis using M3 emitters

We examined the sensitivity gain of M3 multinozzle emitters over single-nozzle emitters. The identical lipid sample
was infused into mass spectrometer at the same flow rate (500 nL/min), for three different types of emitters. The M3
emitter detected significantly higher signal intensity in multiple lipid classes. As an example, Figure 2 compares
signal intensity for three representative PE species (high to low abundance) in 10 consecutive runs using three
types of emitters, respectively. On average, M3 emitters achieved 2.5-fold increase in sensitivity compared to Pico-
Tip and NanoTip emitters. Among the 59 PE species, a majority of them displayed over 2-fold higher signal using the
M3 emitters than those using PicoTip and NanoTip emitters, respectively. Figure 3 shows the sensitivity gain of the
M3 emitter over PicoTip and NanoTip for the top 25 PE species in human plasma.
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Figure 2. Representative TIC signals of PE species obtained using different type of emitters. The exactly
same plasma lipid samples were infused into the mass spectrometer and the signals were acquired. We
performed 10 consecutive injections using M3 emitter, NanoTip, and PicoTip, respectively. A. The most
abundant PE species detected in plasma. B. The medium abundant PE species in plasma. C. The least
abundant species in plasma.
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Figure 3. Sensitivity gain of ESI-MS using M3 emitter compared to single-nozzle emitters on the most abundant
25 PE species in human plasma. The signals of PicoTip and NanoTip emitters were used as denominators. On
average, 2-fold increase in sensitivity was observed for M3 emitters.

3. Improvement in reproducibility and LOD for lipid analysis using M3 emitters

We compared the CV for 10 consecutive runs for the most abundant 10 PE species using three types of emitters
(Figure 4A). On average, the M3 emitter achieved ~5% CV, comparable to those using PicoTip, while significantly
outperforming those using NanoTip (~7.5% CV). We evaluated the LOD using PE 33:1 d7, an isotope-labelled
internal standard. The M3 emitter displayed the lowest LOD (S/N=3) of 0.17 pmole/uL (Figure 4B), significantly
outperforming both PicoTip and NanoTip. This is consistent with the higher sensitivity gained by M3 emitters
(Figure 2 and 3).
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Figure 4. Reproducibility and detection limit of PE species by ESI-MS using M3, NanoTip, and PicoTip emitters.
A. CV of the signals of the 10 most abundant PE species (n=10). B. LOD for one representative PE species
PE 33:1 d7 for three types of emitters.



Conclusions

We have established a new ESI-MS platform for shotgun lipidomics studies of human plasma samples. By interfacing
to a triple Quadrupole mass spectrometer, we demonstrated that Newomics® M3 emitters could achieve high
throughput, high sensitivity, and robustness for shotgun lipidomics. For most of the lipid classes in human plasma,
our M3 emitters significantly outperform the conventional single-nozzle emitters in sensitivity, robustness, and LOD
for their identification and quantitation using ESI-MS/MS analysis.
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Ordering Information

SKIT-TO1

ESN10MUO1

Newomics® Starter Kit for Thermo
Fisher Nanospray Flex lon Sources

Newomics® M3 Emitters,
10 um I.D. — 8 nozzles
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804 Heinz Ave, STE 150, Berkeley, CA 94710
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www.newomics.com
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