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Abstract
Selection of best approach for detection, annotation, and throughput for lipidomics of bio�uids is still
complicated. To maximize the lipid detection, serum lipid pro�ling was performed on CSH-C18 and EVO-
C18 column. The different column chemistries revealed better detection in CSH-C18 (2671 MS/MS) as
compared to EVO-C18 (1574 MS/MS) with enhanced resolution of lipid-categories except glycerolipids
(Triacylglycerols) and sphingolipids (sphingomyelin). For annotation, open-source (LIPIDMAPS®,
LipidBlast) and SCIEX-provided (LipidView™) library softwares were compared. Conclusively,
LIPIDMAPS® identi�ed majority molecules (409, CSH-C18 and 279, EVO-C18). LipidBlast and LipidView™
however provided con�rmatory annotation based on fragmentation patterns. The study reveals an
optimized untargeted Lipidomics-work�ow with comprehensive lipid-pro�ling and con�rmatory annotated
features.

Introduction:
Lipids are ubiquitous and play a vital role in biological processes including; energy reservoir, protein
tra�cking, fat emulsi�cation, etc. They also serve as the essential constituents of cellular membranes
and are also involved in signaling cascades. Such distinctive functions of lipids are associated with the
diversity in lipid structure (Sandra et al., 2010; Y.-Y. Zhao et al., 2014). Homeostatic imbalances of lipids
are now considered as a crucial event in several diseases or pathophysiological conditions such as aging,
apoptosis, in�ammation, cardiovascular diseases, neurodegenerative diseases, systemic diseases like
cancer, diabetes, obesity, atherosclerosis, infectious diseases, and others (Pellegrino et al., 2014; Sandra
et al., 2010). Therefore, lipid pro�ling has become an essential means in biomedical research and has
allowed insights into pathophysiology associated with diseased or in�ammatory conditions. Bio-�uids
such as blood (plasma/serum), saliva, cerebrospinal �uid, etc., are important source of different lipid
moieties and their lipid pro�les, which are in turn associated with disease conditions, making their
relevance as potential clinical biomarkers, or as targeted drug therapy (Cheema et al., 2019; Pellegrino et
al., 2014).

The lipid pro�le of blood is a complex mixture of different lipid classes predominantly
Glycerophospholipids (phosphatidylcholine (PC), phosphatidylethanolamine (PE)), Glycerolipids
(Triacylglycerols (TG), Diacylglycerols (DG)), sphingolipids (sphingomyelin (SM) and ceramides (Cer)),
sterol lipids (Sterols (ST), cholesterol esters (CE)) and the recovery of these lipid classes depend on the
suitable extraction method used (Sara�an et al., 2014; Z. Zhao & Xu, 2010). Reportedly, around 500 lipid
classes have been identi�ed in human plasma (Quehenberger et al., 2010). In the last decade, there has
been a surge in clinical and preclinical studies to look for lipid molecules as diagnostic markers of many
diseases and different environmental stressors (Adibhatla & Hatcher, 2007; Hogan et al., 2018).

Lipidomics is the branch for determining and interpreting lipid classes for obtaining biological context.
The major challenges to lipidome analytical methods are sensitivity, reproducibility, extensive lipid
moieties coverage, annotation and quantitation. Owing to the high sensitivity and high resolution of
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analytical techniques like mass spectrometry and advancement in bioinformatics, it has now become
possible to understand the complexity and dynamics of the lipidome in different pathophysiological
processes (Y.-Y. Zhao et al., 2014). MS-based methods have enabled the qualitative and quantitative
analysis of lipids of complex tissues and bio-�uids using either an untargeted or targeted approach (Yang
& Han, 2016). Untargeted lipidomics is the comprehensive screening of lipids in a biological matrix that
mainly uses High-Resolution MS (HRMS), which is advantageous for lipid structure elucidation due to its
high resolution and higher mass accuracy. The untargeted approach is the �rst stage of biomarker
discovery where the focus is mainly on the screening and identi�cation of detectable lipids and
discovering the differential lipids in relation to diseases or speci�c biological perturbations. This
approach is often associated further with pathway analysis to understand the outcome of these changes
at a functional level.

Presently, efforts are being made in LC-HRMS based untargeted Lipidomics to attain high throughput
status by shortening the analysis time; wider coverage of lipid moieties by improvising the resolution and
peak shape. The UHPLC-Q-TOF-MS based untargeted lipidomic method has recently been utilized in
many studies where it has enhanced not only the high throughput identi�cation but has also ensured
better resolution (Xu et al., 2020). There are several articles reporting the work�ow for untargeted lipid
pro�ling of plasma/serum (Cheema et al., 2019; Yang & Han, 2016; Y.-Y. Zhao et al., 2014). However, the
generated lipidomics data is highly extensive and their identi�cation can be an intimidating task in itself,
but with the advancement in bioinformatics, several public and purchased libraries are now accessible to
streamline the task of identi�cation. In this study, we have developed a complete work�ow in our facility
for the identi�cation of lipid molecules based on Information Dependent Acquisition mode (IDA) also
called as Data-Dependent Acquisition (DDA) mode for MS/MS scanning during untargeted lipidomics.
Here we have compared the annotation of lipid moieties using publicly available databases; LIPID
MAPS®, LipidBlast and LipidView™ (SCIEX), pros and cons of these annotation programmes have also
been discussed (Damen et al., 2014; Lu et al., 2019; T & O, 2017). Besides this, the separation
performance of two commonly used columns for lipid pro�ling was also compared. Conclusively, the
present study will aid not only in improvising the work�ow for UHPLC-Q-TOF-MS based untargeted serum
lipidomics rather will also assist in screening of lipid molecules in blood serum.

Materials And Methods:

Chemicals and Reagents:
LC-MS grade solvents; Isopropanol, Acetonitrile, Water and Methanol were purchased from Fischer
Scienti�c (Hampton, New Hampshire, US). Ammonium formate, formic acid and methyl-tert-butyl ether
(MTBE) were obtained from Sigma-Aldrich (St. Louis, Missouri, US) whereas, dichloromethane (DCM) was
from Merck (Darmstadt, Germany). Lipid standards: Lysophosphatidylethanolamine (LPE 17:1),
Lysophosphatidylcholine (LPC 13:0), Phosphatidylethanolamine (PE 15:0), and 1-(1Z-octadecenyl)-2-
oleoyl-sn-glycero-3-phosphocholine (C18 (plasm)-18:1 PC) were obtained from Avanti polar lipids, Inc.(
Alabaster, Alabama, US).
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Sample collection:
“C57BL/6J” mice (8–10 weeks; n = 8) were obtained from institution’s animal facility. Animals were
acclimatized in temperature (22 ± 10C) and humidity (45–65%) controlled environment with a 12 hours
day and night cycle. Experimental activities were performed as per the approved protocol by the
institutional animal ethics committee (INM/IAEC/2020/01). Whole blood was collected through a retro-
orbital procedure; allowed to clot for 30 minutes at room temperature; centrifuged at 2500g for 15
minutes at 4°C. Serum samples were collected and stored immediately at -80°C.

Extraction:
A modi�ed biphasic solvent system of cold MTBE, methanol, and water was used for lipid extraction from
serum (Matyash et al., 2008). Cold MTBE (370µl) and cold methanol (125µl) were added to a 50µl serum
aliquot; the mixture was then vortexed and was incubated on ice for 15 minutes. In order to induce phase
separation, 100µl of water with 0.1% formic acid was added and centrifuged at 13000g for 20 minutes at
4°C. The upper layer (organic phase) was collected, followed by drying through a nitrogen gas evaporator
(Crescent scienti�c, INDIA).

Mobile phase: The mobile phase A consisted of H2O: ACN (40:60 v/v) and mobile phase B consisted of
IPA: ACN (80:20 v/v) both containing 10mM ammonium formate and 0.1% formic acid as phase
modi�ers.

Sample Preparation:
Dried lipid extract were resuspended in 250µl of 1:2 v/v of mobile phase A and B, diluted 1:1 by master
mix (containing all internal standards) to have �nal concentration; 0.5µg/ml of LPC 13:0, 2.5µg /ml of
C18 (plasm), 6µg/ml of 15:0 PE and 2µg/ml of 17:1 LPE, vortexed and transferred to the inserts in glass
vials for its acquisition through UPLC-MS. The Quality control (QC) sample was prepared by combining
equal volumes of the prepared samples.

UHPLC-Q-TOF-MS:

Chromatography
ExionLC associated with SCIEX Triple TOF 5600 (AB Sciex, Singapore) was used to analyze the serum
samples. Two different columns were used for lipidomics data acquisition; Kinetex EVO-C18
(Phenomenex, Torrance, California, US), 100mm × 2.1mm packed with 1.7µm core-shell particle attached
with a compatible pre-column and an Acquity UPLC Charged Surface Hybrid (CSH) C18 (Waters, Milford,
Massachusetts, US), 100mm × 2.1mm, packed with 1.7µm coupled with its compatible VanGuard Pre-
column. The total run time for CSH-C18 and EVO-C18 were 19 and 18 minutes respectively. The gradient
used for chromatographic separation was; 0–2 min from 15% B − 30% B; 2-2.1 min 30% B − 48% B; 2.1–
2.5 min from 48% B − 55% B; 2.5-5 min from 55% B to 70% B; 5-6.5 min from 70% B to 75% B; 6.5-8 min
from 75% B to 82% B; 8–14 min from 82%B to 99% B. There was a change in run time in last phase of the
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gradient, for CSH C18: elution gradient was extended for another one minute as; 14–17 min at 99% B, 17-
17.1 min 99% B to 15% B, and 17.1–19 min at 15% B. whereas for EVO C18: last phase gradient was set
as 14–16 min at 99% B, 16–17 min 99% B to 15% B and 17–18 min at 15% B with same mobile phase
solvents. The column was operated at 50°C at a �ow rate of 0.2mL/min and the injection volume was
kept at 2µl for positive and 4µl for negative mode. Samples were maintained at a temperature of 4°C and
randomized to avoid any biasness.

Mass Spectrometry
The various MS parameters used are: the gas �ow i.e., GS1 and GS2 were kept at 50 psi, curtain gas �ow
at 30 psi, source temperature at 500°C, Declustering potential at 70eV, and Capillary Voltage at 5500V for
positive and − 4500V for negative mode with a mass range of 100–1600 Da. For MS/MS fragmentation,
collision energy of 35eV, collision energy spread of 15eV and 50-1600 m/z range were used. Samples
were acquired in IDA mode.

Data Analysis
Peak alignment & �ltering, peak �nding, and retention time correction were done using Markerview™
software (AB Sciex). Peak �nding options were set as noise threshold 100; subtraction offset as 10
scans, subtraction multiplication factor as 1.3. Retention time tolerance of 0.50 min and mass tolerance
of 0.01 Da was set for peak alignment and �ltering option. Features having Relative Standard Deviation
RSD < 30% were considered for feature identi�cation. LIPID MAPS®, LipidBlast and LipidView™ software
were used for peak annotation.

Results And Discussion:
In the present study, we have compared two different columns for elution and resolution of lipids. In
addition, three different libraries were used for lipid annotation .i.e., LIPID MAPS®, LipidBlast and
LipidViewTM, and have been compared for improvised identi�cation of different lipid subclasses.

QC samples (n= 7) were individually separated on both CSH-C18 and EVO-C18 column. QC is a pooled
aliquot of different samples which represents a matrix of high variability based on the aliquoted samples.
In the CSH-C18 column, a low level of charged surface is integrated on Ethylene bridged hybrid (BEH)
particles to improve the loading and peak symmetry of the samples in low ionic strength of solvents
(Cajka & Fiehn, 2016). On the other hand, EVO-C18 is known to provide better elution and peak shape for
bases by creating a highly inert surface, it also incorporates stabilized uniform cross-linking of ethane to
provide high pH resistance while maintaining the mechanical strength of the particles (Kinetex Evo
Columns.). The total ion chromatogram (TIC) (Fig. 1 (a)) exhibited better peak resolution in CSH-C18
compared to EVO-C18 column. This improved resolution of CSH-C18 is also highlighted with more
number of features identi�ed and remarkable MS/MS identi�cation of molecules with 2671 MS/MS
spectra obtained in IDA mode, which are much more than 1574 spectra in EVO-C18 column. This
increased number of spectra in IDA mode is due to decreased number of co-eluting peaks which is
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proportional to better resolution (possible increase in MS/MS of molecules) of the column. One ionization
methodology cannot cover all types of lipids and hence both types of ionization technique were used for
comprehensive coverage. Lipids were better ionized in positive mode compared to negative in both the
columns due to effective ionization of a wide range of lipids in positive mode. Peak width based on full
width at half-maximal peak height (FWHM) was also compared for both the columns. Columns exhibited
peak broadening in the same range (Fig. 1 (b)). Spectral annotation is the most crucial part of the
optimization for a steady work�ow of lipidomics. In our study, a total of 411 features in CSH-C18 and 290
features in EVO-C18 were annotated as per Lipidomics Standard initiative (LSI) and used further for
evaluation and comparison of column (Supplementary table 1).

For annotation, we have used and compared two free data library sources in public domain; LIPID MAPS®

and LipidBlast, and one SCIEX provided library software; LipidViewTM (AB Sciex). The common and
unique lipids annotated through different software used in the study are well exhibited in Fig. 2(a) (i) and
2(b) (i). Overall, maximum numbers of lipids were annotated through LIPID MAPS® followed by
LipidBlast and LipidViewTM. In LIPID MAPS® identi�cation is based on the m/z of the feature. Whereas,
LipidBlast and LipidViewTM utilizes both m/z as well as ion fragmentation patterns for identi�cation.
However, LipidBlast has the eminence over these two identi�cation methods as it annotates lipid
molecules based on accurate mass error as well as MS/MS fragmentation pattern of molecules and
gives detailed information about the carbon length, position, and number of double bonds in fatty acyl
chain (T & O, 2017).

“LIPID MAPS Structure Database” (LMSD), in LIPID MAPS® is the largest free public database
encompassing biologically relevant lipids, it contains 47,361 unique lipid molecules in bulk structure
search explaining maximum lipid identi�ed using LMSD database. Fatty acyls [FA] (10417), Glycerolipids
[GL] (7710), Glycerophospholipids [GP] (10037), Sphingolipids [SP] (4952), and Sterol lipids [ST] (3448)
are the categories which have been included while searching for data annotation. In total, 409 in CSH-C18
and 279 lipid species in EVO-C18 were identi�ed using LIPID MAPS®. Each identi�ed feature has its own
LIPID MAPS® ID (LM_ID) which holds its hierarchical position in the database (Sud et al., 2007).

LipidViewTM software enables the pro�ling of lipid species based on the parent and its fragment ion
search against a library of 25,000 entries of lipid fragments which belongs to more than 50 lipid classes
(Heintz et al., 2022). For the annotation, it streamlines the key steps of adjustments: polarity
(positive/negative), mass range 100-1600 Da, mass tolerance 0.05, average spectrum range, lipid species
covered, number of double bonds, internal standard used and analyzer type (e.g., TOF in our study).
However, only 19 lipid species in CSH and 28 lipid species in EVO-C18 column were annotated through
this software.

On the other hand, LipidBlast is the freely available computer-generated spectral library software having
212,516 MS/MS spectra that cover 119,200 features from 26 lipid classes (Kind et al., 2013). For data
processing using LipidBlast, raw .wiff �les were converted to Mascot Generic Format (mgf) using
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ProteoWizard MS convertor and searched against the number of libraries by selecting appropriate
ionization mode and lipid classes covered to annotate the lipid molecules. LipidBlast has the lead of
annotating true isomers having the same precursor mass, acyl carbon, and double bonds but differs in
their acyl chain lengths. There is �nal annotation of 106 features in CSH and 139 lipid features in EVO-
C18 column.

Exact mass repositories like LIPID MAPS® only give the tentative identi�cation of lipid class with total
number of carbon and double bonds, but has its own limitation to �nd a double bond position and
possible cis & trans isomers. One major limitation of LIPID MAPS® is that the users should have prior
knowledge of ionization modes of lipid classes for identi�cation as some classes are only ionized in
either positive or negative ionization and LIPID MAPS® does not include information about ionization
modes speci�c to lipid classes. Licensed “LipidViewTM” does not cover all the lipids well and also fail to
�nd the positional isomers. This limitation can be overcome by using computer generated in-silicon
MS/MS library like LipidBlast which can annotate the lipid molecules based on m/z as well as the
fragmentation mass of the molecule, we can also infer information about the fatty acid constituents,
positional isomers and double bond position. Therefore, LIPID MAPS® annotates the maximum lipid
features, which were based only on exact mass followed by MS/MS repositories i.e., LipidBlast and
LipidViewTM. Of all the identi�ed lipid moieties GL, GP and ST were the only categories that were
commonly identi�ed by all three libraries.

The Pie chart show different percentages of detected lipid categories in CSH-C18 and EVO-C18 columns
(Fig. 2(a) (ii) and 2(b) (ii)). Overall lipid species coverage by CSH-C18 is higher (411) in comparison to
EVO-C18 (290) column. CSH-C18 Column is better in detecting FA, GP and ST with an exception of GL
(i.e., TG) and SP (i.e., SM), which were detected better with EVO C18. In terms of bond type, more triacyl-
bonds were observed on EVO-C18 column. Identi�ed subclasses in different lipid categories are also
presented in the form of a bar graph (Fig. 2 (c)) and it can be concluded that CSH-C18 has signi�cant or
equal recoveries of different lipid subclasses.

In Summary, both the column gave good recoveries and peak shape of molecules but CSH-C18 column
has shown better resolution and peak symmetry with excellent IDA performance. This makes the CSH
C18, an ideal column to start the acquisition of lipids for comprehensive pro�le and coverage. Besides, it
has been observed that free public libraries/database like LIPID MAPS® and LipidBlast provides a better
annotation of lipid features based on m/z mass and its fragmentation pattern along with the information
about positional isomers.

Conclusion:
Lipid pro�ling using different columns and annotation through different libraries is detailed in the present
study. It manifests that CSH-C18 column has better recovery for all the identi�ed lipid categories with
excellent chromatographic elution and resolution except for the Glycerolipids and sphingolipids
(Speci�cally TG& SM).. Increased MS/MS spectra (IDA mode) in CSH-C18 indicate better fragmentation
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in contrast to EVO-C18 column. On the annotation front, maximum annotation of lipids was observed
using LIPID MAPS®. However, LipidBlast and LipidView™ gave identity con�rmation based on
fragmentation patterns. Therefore, for comprehensive lipidomics coverage, it is strongly recommended to
use both MS and MS/MS-based libraries for improvised annotation of lipid subclasses.
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Figures

Figure 1

(a) Total ion chromatogram of mice serum acquired on UHPLC-MS separated on (i) CSH-C18 and (ii) EVO-
C18 column using same QC sample, elution gradient and mobile phase in positive ionization mode. X-
axis and Y-axis represents Retention time and Intensity respectively.

(b) Comparison of full width at half maximal (FWHM) using extracted ion chromatogram of (i) LPC 18:0,
(ii) PC 37:2 and, (iii) PI 34:2 acquired on CSH-C18 and EVO-C18 columns.
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Figure 2

Venn diagram (i) shows common and uniquely identi�ed lipid features through three different annotation
libraries in CSH-C18 (a) and EVO-C18 (b) columns .( LMSD-LIPID MAPS® structure database, LV-
LipidViewTM and LB-LipidBlast).
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Pie chart (ii) shows the distribution of identi�ed lipid features in different categories acquired on CSH-C18
(a) and EVO-C18 (b) columns respectively. (FA- Fatty acyls, GL- Glycerolipids, GP- Glycerophospholipids,
SP- Sphingolipids, ST- Sterol lipids).

(c) Bar graph showing the number of identi�ed species in overall lipid categories using CSH-C18 and
EVO-C18 columns. (i) Fatty acyl; FA-fatty acids, CAR- acyl carnitines, CoA- acyl CoAs, NAE- N-acyl
ethanolamines, NAT- N-acyl taurines, (ii) Glycerophospholipids; PC- glycerophosphocholines, PI-
glycerophosphoinositols, PS- glycerophosphoserines, PE- glycerophosphoethanolamines, PG-
glycerophosphoglycerols, PA- glycerophosphates, CL-cardiolipins, (iii) Glycerolipids; TG- tri acyl glycerols,
DG- di acyl glycerols, MG- mono acyl glycerols, (iv) Sphingolipids; SM- sphingomyelins, Cer-ceramides
and, (v) Sterol Lipids; ST- sterols and CE- cholesterol esters.
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