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The aim of this study was to preliminary evaluate the lipid profile alterations on
Pitcairnia flammea leaves based on variations in solvent proportion and ultrasonic ice bath
extraction time, followed by a lipid class-enriched analysis employing chemometric techniques.
Ultra-high performance liquid chromatography coupled to electrospray ionization mass
spectrometry (UHPLC-ESI-MS) was used to acquire raw data and MS-DIAL and MetaboAnalyst
platforms were used to perform data preprocessing and statistical analysis. The statistical analysis
of UHPLC-ESI-MS data in both ionization modes enabled the visualization of a trend distribution
based on extraction time. Furthermore, we were able to establish that the solvent proportion had
a greater impact on group separation in data samples extracted for 30 min versus 10 and 20 min.
Moreover, diacylglycerol or/and lysophosphatidylcholine are lipid subclasses that can be favored
depending on the extraction time in the mass spectrometry analyses using positive electrospray

ionization mode.
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Introduction

Metabolomics is defined as the study of low molecular
mass compounds that cooperate in biological processes
and, in many cases, act as key regulators in many metabolic
activities in a variety of species.' Lipidomics, a term used to
describe an approach that focuses more specifically on lipid
analysis,” has become an important branch of metabolomics
and brought new information on various plant metabolic
processes.?

Lipids are small hydrophobic or amphiphilic molecules,
that also modulate a wide range of biological functions in
cells, tissues, organs, and organisms.* They act in energy
storage, chemical transport, vitamin absorption, and
hormone production. In plants, non-canonical biological
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processes cell signaling,’ biotic and abiotic stress control
tolerance,® and the use of plant-derived membrane-
enclosed extracellular vesicles (P-EVs) for cell-to-cell
communication,’” are mediated by lipids. In an evaluation of
Arabidopsis leaf extracellular vesicles, for example, 23 lipid
classes were identified, using liquid chromatography
coupled to mass spectrometry-based techniques, but
revealed that these structures are composed of nearly pure
glycosylinositolphosphoceramides, providing valuable
information on the biogenesis of P-EVs.

Mass spectrometry is the most widely used analytical
technique for lipidomics, due to its high sensitivity,
coupled with chromatographic techniques, especially
liquid chromatography.? This combination allows an
ion suppression reduction, and increases the selectivity,
important advantages on complex matrices analyses.® The
use of reversed-phase liquid chromatography as separation
mode has improved this association, allowing a broad range
analysis of molecular structures like phospholipids and
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short-chain fatty acids.’ These characteristics are crucial to
untargeted phytocompounds analysis. Another important
procedure in metabolomics/lipidomics is biological sample
handling, which is important to maintain the reliability
and representativity of the material metabolome.!® To fully
make use of the advantages of these analytical techniques,
it is necessary to employ sample preparation methods that
guarantee the removal of interferents and help to increase
analyte concentration.

Sample preparation is, therefore, a crucial step to select
the class of metabolites to be analyzed, reduce sample
complexity, and define the parameters within the selected
analytical technique.!' This step is essential to guarantee
cell membrane lysis, and biological processes interruption
since they control some aspects of reducing metabolites
and lipids turnover, especially those highly oxidation and
degradation susceptibility. These processes can be done
with the use of solvents (e.g., methanol, acetonitrile) or
freeze-thaw cycles. In addition to a reproducible and
simple method of preparation, quality control procedures
can monitor the stability of analytical equipment, allowing
higher quality data to be obtained.’

Plant lipidomic studies have been employing different
extraction methods including different solvents and their
proportion.® Recently, Sun et al.'> compared Folch and
Bligh & Dyer extraction to analyze lipids during the banana
ripening. In their study, it was found that the second method
presented an extraction efficiency enhancement of total
lipid analysis compared to the first procedure. However,
most of these studies are based on sample preparation and
extraction techniques for biological fluids, mostly blood
serum and plasma.’

Therefore, it is unconditionally important the sample
preparation procedures improvement and new approaches
development, in order to optimize the information quality
on sample molecular identification. Under this context, this
work provides a preliminary description on leaf sample
extraction parameters, focusing on how solvent proportions
and time of extraction are impacting the whole bromeliad
lipidome, and also which lipid classes are most affected
by time and solvent changes. The bromeliad leaves were
used as a case study. For that, our results are based on
untargeted ultra-high performance liquid chromatography
coupled to electrospray ionization mass spectrometry
(UHPLC-ESI-MS) analysis and bioinformatic tools.

Experimental
Chemicals

Methanol (MeOH, HPLC grade, 99.9% purity), and
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acetonitrile were acquired from Millipore (Billerica, USA).
Methyl tert-butyl ether (MTBE, HPLC grade, 99.9%
purity), ammonium acetate (NH,Ac, 99.0% purity), and
2-propanol (99.9% purity) were purchased from Sigma
Chemicals (St. Louis, USA). Type 1 (ultrapure) water was
obtained in a Milli-Q system (Millipore, Bedford, USA).

Sample storage conditions

We collected leaf samples of individuals of
Pitcairnia flammea, an endemic species from the Atlantic
Rainforest. Distinct elevations cultivated at the Institute
of Biology (UNICAMP, Brazil) were harvested and
immediately frozen in liquid nitrogen (=195.8 °C) in order
to quench enzymatic activities, followed the —80 °C storage
in a 50 mL conic tube, until sample preparation. For sample
preparation, the leaves were macerated to fine powder using
a mortar and pestle in liquid nitrogen condition. Access to
genetic heritage was registered at the National System of
Genetic Resource Management and Associated Traditional
Knowledge (SisGen) under code number A3C2E73.

Sample extraction

The processes used in this study were based on the
method developed by Hummel et al." for plant lipid
analysis using UHPLC-ESI-MS. In this method, the sample
is separated into 3 phases: organic, aqueous and protein.
It is noteworthy that the lower phase can also have other
solid matter besides proteins, as fibers. 10 mL of solvent
mixture were prepared in 3 different proportions (1:2, 1:3
or 1:4 (v/v)), pre-cooled at 20 °C in MeOH and MTBE.

In 2 mL tubes, 50 mg of macerated sample were
added and 1 mL of the solvent mixture. The samples
were incubated for 5 min under agitation at 500 rpm
at 4 °C in a microtube shaking incubator (AccuTherm,
Labnet International Inc., Corning, USA), followed by
ultra sonication in an ultrasonic bath (5800, Branson
Ultrasonics Corporation, Danbury, USA) in ice-cold bath
in different times (10, 20, 30 min). Each condition was
performed in technical triplicate, totalizing 27 samples.
After adding 500 pL. mixture of water type I:MeOH
(3:1 v/v), the samples were vortexed and centrifuged for
5 min at 4 °C, 10000 rpm (Mikro 220R, Andreas Hettich
GmbH & Corporation, Tuttlingen, Germany). The three
phases were separated and dried in a vacuum concentrator
(Concentrator Plus, Eppendorf AG, Hamburg, Germany),
at ambient temperature under vacuum-alcoholic mode, and
stored at —80 °C until the chromatographic analysis. The
workflow is presented in Figure 1 and the experimental
design is presented in Table 1.



Vol. 34, No. 11, 2023

Frozen leaves + N, liquid

Pitcairnia flammea

Upper organic phase
(nonpolar metabolites)

Middle aqueous phase
(polar and semi-polar
metabolites)

Lower phase

(protein pellet)

Figure 1. Flowchart of extraction steps from leaves of Pitcairnia flammea.

Table 1. Experimental design of the extraction with solvent proportion
and time of ultrasonic bath

time / min
Group —— A10 B 20 C30
Proportion
1 1:2
2 1:3

3 1:4

Al.1,A12,A13 BI1.1,B12,B1.3 CI1.1,C1.2,C13
A2.1,A22,A23 B2.1,B22,B23 C2.1,C22,C23
A3.1,A32,A3.3 B3.1,B32,B3.3 (C3.1,C3.2,C33

Liquid chromatography coupled to mass spectrometry
analysis

The upper phase (lipid or organic phase) was re-
suspended in a mixture of solvents corresponding to the
initial of the chromatographic run: 60% mobile phase A
and 40% mobile phase B. Mobile phase A was composed
of acetonitrile:water (40:60, v/v) and mobile phase B was
acetonitrile:2-propanol (10:90, v/v). In both chromatographic
mobile phases, 10 mmol L' NH,Ac was added. Quality
control (QC) samples were prepared using 5 pL. of each
filtered extract to a vial with a 150 pL insert. One vial with
acetonitrile was used as system suitability blank sample for
further checks on impurities and instrumental fluctuations.
Reversed-phase liquid chromatography was performed in
an UHPLC system (UltiMate™ 3000 RSLCnano system,
Thermo Scientific, Waltham, USA) using a Titan C,
column with 100 mm x 2.1 mm X 1.9 um particle size
(Supelco Sigma-Aldrich, Bellefonte, USA). The sample
injection volume was set to 5 pL and the column and
sampler temperature were kept at 40 and 10 °C, respectively.
Separation was performed at a 250 uL. min™' flow rate under a

50 mg of sample
ona2mL tube

Add 1mL MeOH:MTBE (1:2; 1:3 or 1:4 viv)

b Centrifuge at
~ 10000 rpm for
5 min at 4°C

40 seconds
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Shake at 4°C
for 5 min

=

=

Add 500 pL / 71 = ‘
H,0:MeOH

@) —

Ultrasonication ice-cold
bath on (10; 20 or 30 min)

gradient elution mode. Over the next 2 min, the column was
re-equilibrated before the next injection. The total execution
time was 14 min (Table 2).

Table 2. Gradient of solvents at chromatographic separation

Mobile phase
time of analysis / min
Al % B/ %

0-2 60 40
2-3 50 50
3-6 50 50
6.1 30 70
6.1-8 30 70
8-9 0 100
9-11 0 100
11-12 60 40
12-14 60 40

Detection was performed using a Orbitrap Q-Exactive
(Thermo Scientific, Waltham, USA) mass spectrometer
equipped with a heated-ESI source operating on the
positive and negative ionization modes using the MS full
scan followed by MS/MS analysis in the data-dependent
acquisition mode of the 5 most intense peaks. Full scan
data were acquired between m/z 100 and 1500 in profile
mode and at resolution 70000 (at m/z = 200). The automatic
gain control was set as automatic gain control target at
1 x 105, 1 scan s, and injection time at 100 ms. Heated-ESI
parameters were optimized for both ionization modes, as
follows: sheath gas flow rate 35 arbitrary units; auxiliary
gas flow rate 10 arbitrary units; and capillary temperature
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300 °C. For the spray voltage, the positive ion mode was
+3.5 kV, and the negative ion mode was —3.2 kV. The
ion optics setting was S-Lens RF level 50; S-Lens 25 V;
skimmer 15 V; and C-Trap RF 1010 V. Stepped normalized
collision energy was 20-30-40.

Data analysis

Manual extraction of UHPLC-ESI-MS chromatograms,
signal intensity, and total ion detection were achieved
using Thermo Xcalibur Roadmap 3.1 from the raw data.
For pre-processing data on MS-DIAL 4.9 software,'*
UHPLC-ESI-MS raw data were converted to .mzML
extension on MSConverter 3.0 from ProteoWizard.!'>!¢
The parameter analysis were setting with MS' tolerance of
0.02 Da, MS? tolerance 0.06 Da, retention time 0-14 min,
MS' and MS? m/z 100-1500 range, maximum charged
number 1; peak detection with 10000 of minimum peak
height and mass slice width of 0.1 Da; deconvolution
with MS/MS abundance cut off of 30 amplitude and
sigma window value of 0.5; alignment parameters with
retention time tolerance 0.5 min, MS! tolerance of 0.02 Da
and removed features based on blank information.!” For
identification, the default of accurate mass tolerance
was used as 0.01 Da for MS' and 0.05 Da for MS?, and
identification score cut off 80%. Adduct forms selected were
[M -H]J, [M -H,0-HJ, [M+Na-2H], and [M + CI]
for negative ionization mode, and [M + H]*, [M + NH,]*,
[M + Na]*, and [M + CH,;OH + HJ* for the positive one.
The peak spot viewer was filtered to show just the peaks
matched according to the reference libraries and with
MS/MS information (Figure S1, Supplementary Information
(SD) section). MS-DIAL internal lipid annotation is based
on LipidBlast.'®

The aligned MS-DIAL results (.csv file) were exported
using raw data matrix (area; 28 columns (+ and —),
19803 rows (+), 29092 rows (—)) filtered by the ion abundance
of blank sample containing retention time, 7/z and intensity
of each feature with sample and group name, used for pre-
treatment and statistical analyses on MetaboAnalyst 5.0."°
For this step, first, positive ionization data variables were
normalized by sum and then a 30% relative standard
deviation (RSD) threshold and cube root transformation and
auto scaling were performed. For negative ionization data, the
normalization by QC sample, 30% RSD, log transformation
and Pareto scaling were performed. Multivariate analysis
(principal component analysis (PCA), hierarchical clustering
analysis (HCA) (distance measure: Euclidean; clustering
algorithm: Ward)), and univariate analysis (Volcano plot (fold
change threshold: 2.0, p-adjusted value by false discovery
rate threshold: 0.05)) were performed.
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The lipidomics datasets of this article were deposited
and processed at Metabolomics Workbench,? with the
identifier PRO01657 (study ID ST002570).>!

Results and Discussion
Chromatographic analysis

An originally used Bligh and Dyer? extraction method
has been modified, enhancing lipid extraction procedures
from plant material.”>** Among these modifications, the
MTBE substitution not only was environmentally friendly,
but also improved the reproducibility during aliquoting,
since the organic phase became the upper layer.>* Three-
phase extraction methods have gained prominence in plant
studies, since the interference of polar metabolites was
reduced by optimizing the phase separation in the lipid
analysis.?®?” To this preliminary evaluation of the extraction
parameters, the method performed by Hummel et al.'* for a
lipid comprehensive profile of leaves was used as a basis,
since it is a simple, fast, and one-step protocol.

Samples that were extracted using the lowest solvent
proportion (MeOH:MTBE 1:2, v/v) and lowest time on
ultrasonic ice-cold bath (10 and 20 min) did not present
separation phases after centrifugation (Figure S2a, SI
section). On the other hand, in samples extracted using
MeOH:MTBE 1:2 (v/v) at 30 min on ultrasonic in ice-
cold bath, the formation of the three separation phases was
verified (Figure S2b, SI section). This separation was also
verified in samples extracted with MeOH:MTBE at the
1:3 and 1:4 (v/v) proportions. Homogenization procedure
is a crucial step in sample preparation to guarantee a
successful extraction, even more in plants, which have rigid
tissues. Axelsson and Gentili** compared two microwave
conditions, Potter-Elvehjelm homogenizer, sonication and
no treatment for microalgae cell disruption and did not
observe a total lipid yield gain. However, in this study, the
time was essential for lipid extractability on MeOH:MTBE
1:2 (v/v) solvent system.

Besides the extraction method, the separation method
has great impact on the untargeted analysis of complex
lipidome samples.?® In terms of chromatography, the
optimized method for lipids already used for human
samples?® was also satisfactory for plant material (Figure S3,
SI section). Reversed-phase liquid chromatography using
acetonitrile, H,O and isopropanol as mobile phase is one
of the most applied strategies in plant lipidomic studies,
being liquid chromatography coupled to mass spectrometry
a highly efficient technique to analyze complex isomeric
samples as lipids in plant tissues.® It is noteworthy that
the use of gradient mobile phase with isopropanol results
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in higher noise signals in high retention times mainly in
negative ionization mode (Figure S3a, SI section). This
behavior is also presented by Criscuolo et al.*® comparing
C,; and C,, columns.

Semiquantitative results

To analyze the influence of the experimental parameters
and their contribution to the lipid profile, data on the number
of signal intensities and number of total ions detected were
compiled and presented in Tables 3 and 4, respectively.
These tables were used to compare the values obtained
from the different parameter combinations.

Matos et al.
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Signal intensities were utilized to assess the amount
of potential individual compounds that could be detected
in the samples, without the influence of the base peak. On
the other hand, the number of total ions detected was used
to evaluate which parameter combination would extract
more information from the samples. The analysis was based
on the total ion chromatogram, which is a chromatogram
obtained by summing up the intensities of all the mass
spectral peaks belonging to the same scan.

In order to analyze the influence of the extraction
method employed, the mean signal intensities for the
entire chromatographic run of each sample and groups
were compiled in Table 3. The positive ionization mode

Table 3. Signal intensities for the entire chromatographic run based on the analysis of the base peak chromatograms

Signal intensities / a.u.

Solvent ratio No. Group A (+) Group A (-) Group B (+) Group B (-) Group C (+) Group C (-)
(x 10%) (x 10%) (x 10%) (x 10%) (x 107) (x 10%)
- - - - 2.41 493
1:2 2 - - - - 2.59 4.59
- - - - 2.69 4.62
X+s - - - - 25+0.1 47+0.2
1 3.15 5.88 2.61 6.60 3.21 5.44
1:3 2 2.44 7.27 2.40 5.15 2.70 4.82
3 3.39 5.52 2.66 5.26 2.90 5.24
X%s 3.0+£0.5 6.2+0.9 2.6+0.1 57+0.8 29+03 52+03
1 3.72 7.56 2.73 5.25 2.60 4.74
1:4 2 2.73 5.46 2.66 5.22 2.56 491
3 2.16 5.03 2.87 5.96 3.18 5.41
X+s 29+0.8 6+1 2.8+0.1 55+04 28+04 5.0+£04

No.: replicates; (+): positive mode; (—): negative mode. Group A: samples submitted to 10 min of ultrasonic bath; Group B: samples submitted to 20 min
of ultrasonic bath; Group C: samples submitted to 30 min of ultrasonic bath. Groups A and B extracted in a 1:2 ratio of solvent did not present phase
separation and, therefore, were not subjected to chromatographic analysis; a.u.: arbitrary units; X + s: mean + standard deviation.

Table 4. Number of total detected ions in each sample and mean of extraction condition groups

Total detected ions

Solvent ratio

No. Group A (+) Group A (-) Group B (+) Group B (-) Group C (+) Group C (-)

1 - - - - 31289 35074

1:2 2 - - - - 31534 34962
3 - - - - 31177 34958

X - - - - 31333 34998
31215 35546 31241 35127 31399 34937

1:3 2 31327 35125 31133 34947 31162 35185
3 31592 35243 31537 35186 31674 34906

X 31378 35304 31303 35086 31411 35009
31228 35310 30979 35121 30929 35117

1:4 30888 34999 31046 35242 31115 35180
3 30994 35373 31316 34744 31595 34988

X 31036 35227 31113 35035 31213 35095

No.: replicates; (+): positive mode; (—): negative mode. Group A, B and C: samples submitted to 10, 20 and 30 min of ultrasonic bath, respectively. Groups A
and B extracted in a 1:2 ratio of solvent did not present phase separation, for this reason, they were not subjected to chromatographic analysis. X: mean.
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presented a greater magnitude order than the negative
one. Samples extracted with MeOH:MTBE 1:3 (v/v) for
10 min at ultrasonic ice-cold bath presented highest average
intensities in both ionization modes (2.99 x 10° (+) and
6.22 x 10%(-)).

The number of detected ions were compiled in Table 4,
to optimize the visualization regarding the influence of the
ionization mode and extraction process for lipid analysis
in plant. It was observed that the negative mode displayed
a higher number of detected ions than the positive mode.
In addition, samples extracted with solvent proportion
MeOH:MTBE 1:3 (v/v) exhibited highest mean of detected
ions: 31411 for positive mode in 30 min and 35304 for
negative mode in 10 min ultrasonic ice-cold bath.

Statistical analysis

By conducting an analysis of aligned data on
MS-DIAL,* it is possible to achieve an overview of lipid
classes distribution in m/z versus retention time in both
ionization modes along the peak spot viewer (Figure S1,
SI section). In this study, 311 compounds were putatively
identified on negative ionization mode, while in the positive
mode, 274 compounds were identified based on MS/MS
information. Besides the known lipid distribution based
on compound size along the chromatographic run,>"® we
also can access lipid subclasses for each ionization mode.
In studies that intend to analyze specific lipid subclasses,
such as phosphatidylcholines or ceramides, data obtained
on positive ionization mode would be more suitable. On
the other hand, if phosphatidic acids or sterols are the focus
on answer a specific biological question, a better option
would be performing analyses in the negative ionization
mode. Cajka and Fiehn®® presented a table in their review
with different molecular species formed by lipid subclasses
in both ionization modes and pointed out that despite the
positive mode is more used in lipidomics, some lipids as
phosphatidylinositol are favored in the negative ionization
mode. Therefore, the use of both ionization modes provides
complementary information such as the alteration of fatty
acids due to oxidative stress and increased triacylglycerol
levels due to heat stress, for example.®

From the positive and negative ionization modes,
42 chromatograms were acquired from experimental
samples plus QC and solvent blank samples by using
UHPLC-ESI-MS. The sequence setup started with one
blank, followed by 5 QCs, three of those for system
conditioning, followed by another blank and then, the
experimental samples. The QC data used to conditioning
the platform were not used for data processing, since this
data is more variable than the ones used intra-batch.’! The
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samples were randomly organized in batches to avoid bias
and the use of blank samples is recommended to assess the
system suitability.*>33 Furthermore, one QC sample was
analyzed after every 10 experimental samples. A manual
analysis of this amount of data could lead to erroneous data
interpretation; therefore, MetaboAnalyst 5.0 was the free
platform employed to pre-treat and to perform statistical
analysis, allowing the user to choose the one that better
fits the data.>* In the context of metabolomics/lipidomics
analysis, a predefined pre-treatment data protocol is lacking.
Following multiple attempts at applying transformation
and normalization techniques, the data distribution was
observed to assume a Gaussian shape, which is presented
in Figure S4 (SI section) as the most optimal outcome.

The unsupervised statistical analysis, PCA, was applied
to all samples to evaluate the instrumental stability and
trends between sample groups. PCA scores plot (Figure S5,
SI section) presents that most of QC samples in the negative
ionization mode are clustered, indicating a satisfactory
method.* However, QC4-NEG, and QC5-NEG diverge
from the other QC samples. UHPLC-ESI-MS analyses
were performed first on positive mode then on negative
mode. The QC sample was the same for both ionization
modes. QC-NEG 4 and 5 were analyzed at the end of
positive and the beginning of the negative ionization mode
analyses indicating a concentration variation in these
anomalous samples (Figure S6, SI section). Subsequently,
these anomalous data were removed from the matrix
data to follow the statistical analysis (Figure 2a). In the
positive ionization mode, most of the QC data are clustered
(Figure 2c).

Referring to the sample extraction, most of the samples
overlap (Figures 2a, 2¢). However, inspecting the samples
that were obtained under 30 min of ultrasonic ice-bath
(group C), we can see a trend to distribute the samples group
along the PCI1 on negative mode (Figure 2a) and on PC2
for positive mode (Figure 2c). This behavior is confirmed
by HCA. HCA is a strategy that builds a hierarchy of
clusters ordering the samples according to their similarity.
HCA dendrogram presents a similarity between C2 and
C3 groups, which was not observed between C1 and
them (Figure 2b), indicating the influence of the solvent
proportion on the sample lipid composition. The same trend
is observed on PCA scores plot and HCA dendrogram of
positive ionization mode data (Figures 2c, 2d).

Following this, to enhance our comprehension of
the influence of solvent proportion on the sample lipid
composition, a Volcano plot was built using the extreme
groups of solvent proportion (Figure S7, SI section).
According to MetaboAnalyst, “Volcano plot combines
results from fold change (FC) analysis and #-tests into



Vol. 34, No. 11, 2023 Matos et al. 1637
Scores Plot
= A2N
: g:: B2_3-NEG
0 O AN
= B3N b B2_1-NEG
(@) oan 2 (b)
O B2N CoN B2_2-NEG
B3N 4 can
< o CIN
C2N
(@] o C3N
o QC A2_3-NEG
~ ©® © A2_1-NEG
o (@) ® @ 0o A2_2-NEG
S o) ©@ o) [C] A3_3-NEG
o S H 0 [0)
E O O A3_2-NEG
< z
O C3_1-NEG
a o -
O A3_1-NEG
< 5
® C3_3.NEG
1.? - 2-NI
(? -
T T T
5 0 5 r T T 1
15 10 5 0
PC1(18.1%)
Scores Plot
= AP
8 = A3P g
= B2P ’—‘
(C) o AP " B3P (d) A3.2.POS
oA®: =008 c3_1.p0S
c2p 1 1
= o cip €3_3.P0S
ca2p
o o C3P A3_1.POS
® o QC A2_3POS
1 O® E s
§ CD (@) SE— A2_2-POS
] O o _—
& 0
g o °s ©
B2_2-POS
O O E
E
S o
b B2_1.POS
I B2_3.POS
00 ;
° o
g
T 1} T T T
-150 -100 50 0 50 100 . , y . . . X
120 100 80 60 40 2 0

PC1(18.2%)

Figure 2. Unsupervised methods varying the extraction parameters. (a) PCA scores plot based on negative ionization mode. (b) HCA dendrogram of
samples analyzed in negative ionization mode. (c) PCA scores plot based on positive ionization mode. (d) HCA dendrogram of samples analyzed on
positive ionization mode. Samples named A, B, and C: time in ultrasonic bath for 10, 20, or 30 min, respectively. 1, 2, and 3: solvent ratio (v/v) at 1:2,

1:3, and 1:4, respectively.

one single graph which allows users to intuitively select
significant features based on either biological significance,
statistical significance, or both”.?* The comparison direction
of Volcano plot was 1/3, that is, smallest solvent ratio to
largest one.

Among the features detected in both ionization
modes as significative to group discrimination, only six
compounds were putatively identified by MS-DIAL internal
library (Table 5). All the features statistically relevant to
the comparisons are presented in the SI section (Tables S1
and S2). Table 5 displays that only one fatty acid was
identified as decreased in the samples extracted in the
smallest solvent ratio, 1:2 (v/v), compared to the highest

one, 1:4 (v/v). In light of this, if this lipid class was object
of interest, it is suggested that MeOH:MTBE 1:4 (v/v) is
the best option as solvent mixture for extraction, besides
the negative ionization mode application. With the obtained
results, no lipid subclass was suggested as favored using the
smallest solvent ratio of MeOH:MTBE 1:2 (v/v). Moreover,
no compound was identified among the significant, in
the positive ionization mode data using the solvent ratio
parameter.

Back to Figure 2, it is not possible to observe
any trend to separate or cluster based on the time in
ultrasonic bath. However, the Volcano plot allows to
select statistically significant variables to the 10 x 30 min
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Table 5. Putative identification of differential compounds from the comparisons analyzed in both ionization modes with p-value < 0.05

Parameter ty / min m/z Log, (FC) Level p-value Adduct Description®
Ratio 1 x 3 0.885 329.2338 -10.16 2.21x 1073 [M-HJ FA 18:1;30
time A x C 4.026 518.3253 15.71 0 6.22 x 107 [M + HJ* LPC 18:3
time A x C 5.088 520.3417 15.52 0 1.53 x 107 [M +HJ* LPC 18:2
time A x C 10.908 629.5119 -15.57 2.09 x 10 [M + Na]* DG 35:2
time A x C 10.660 608.5262 —-15.59 3.99 x 10 [M + NH,]* DG 34:3
time A x C 10.893 612.5579 —6.65 424 x 102 [M + NH,]* DG 34:1

FC: fold change. Samples group named 1 and 3: solvent ratio (v/v) at 1:2, and 1:4, respectively. Samples group named A and C: time in ultrasonic bath for
10, and 30 min, respectively. FA: fatty acid. LPC: lysophophatidylcholine. DG: diacylglycerol. \: lower abundance and T: higher abundance.

comparison suggesting some lipid subclasses (Figure S8,
SI section). As can be seen in Table 5, if diacylglycerol
or/and lysophosphatidylcholine is the focus of the study,
the positive ionization mode analysis would bring more
information. Nevertheless, diacylglycerol could be favored
in higher extraction time, while lysophosphatidylcholine
could be enriched in the 10 min ultrasonic ice bath method.
For the time parameter, any feature of the 15 (Table S2)
was identified in the negative ionization mode.

The combination of solvent ratio and time in ultrasonic
bath had more influence on sample composition indicated
by the sample trend (group C) than just to evaluate one
parameter. These parameters have a great impact on the
extraction as demonstrated by Chua et al.*® in 2009, where in
an optimization of ultrasound usage for palm-pressed fiber,
time was considered a relevant variable in the extraction
of phosphatidylethanolamine, phosphatidylcholine and
total lipids.

The use of styrofoam box during the ultrasonic bath
is an aspect that could affect the result of extraction and
can be mitigated with the use of cold water or ice on the
bath increasing the extraction efficiency, since higher
ultrasonic exposure times yield higher peak intensities,
although at higher temperatures this effect is reduced.’ One
limitation of this study still is a metabolomics/lipidomics
bottleneck: the annotation. At the same time, many features
were detected as statistically significant (Tables S1 and
S2), but a few were annotated. In the plant kingdom, at
least 250 sterols and 400 fatty acids were identified, for
example.*® Perhaps, the use of more than one library could
be complementary and enhance the identification number.
As aresult, more information could be obtained from lipid
subclasses variations related to the extraction parameters.
Additionally, the cultivation condition can influence the
results since bromeliads have a high adaptative ability.*
As lipids have major roles in response to abiotic stress,54°
some subclasses could have been favored by sampling.
However, the application of statistical tools and use of the
same sample varying just the extraction condition method

can mitigate that and give some clues in a targeted analysis.

The results presented in this work can bring insights into
several metabolic pathways in plant biology. For instance,
phosphatidylmethanol, ceramides and diacylglycerol
have been indicated as biomarkers of cold stress in
Bryum pseudotriquetrum and Psyscomitrium patens,*' as
well as in storage lipid conversion and extreme condition
signaling in alfalfa leaves.*> Therefore, future targeted
or class-focused lipidomics of said lipids can be greatly
improved by solvent and time related changes in sample
preparation.

Regarding time-related variations of the lipidome,
in positive ionization mode, lysophosphatidylcholine
compounds are the most prominent lipid classes. This
class of lipids is important to monitor specially in food
storing processes, since trans-fatty acids are harmful to
human health, and they are a direct degradation product
of glycerolipids and glycerophospholipids.*

Conclusions

The untargeted lipidomic analyses of complex samples
as a plant extract have many steps that can be optimized
to enhance the results. Sample preparation comparison
studies can help researchers to choose the best methodology
for their issue. UHPLC-ESI-MS in combination with
bioinformatics platforms have been increasingly and widely
used bringing to light information that was previously
confusing and/or obscured by conventional analysis
techniques. In this paper, we evaluated the influence of
sample preparation parameters and electrospray ionization
mode selection on the lipid composition results in a plant
model. By employing chemometrics methods, we could not
suggest any difference in lipid classes based on the variation
of extraction solvent proportion in the positive ionization
mode. However, in the negative ionization mode, there
was a decrease of fatty acid compounds identified using a
lower solvent proportion. Considering the 30 min ultrasonic
ice bath extraction method, there was variation in the
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lysophosphatidylcholine and diacylglycerol composition in
the positive ionization mode. Consequently, we highlight
the importance of optimization of the sample preparation
methods, especially if the focus is on a particular lipid class
as a target or in a global lipidomics study.

Supplementary Information

Supplementary data are available free of charge at
http://jbcs.sbq.org.br as PDF file.
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