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Highlights

e Lipidomic data of Cer and SM species in 35 mammalian tissues/cells are provided.
e The sphingoid base was predominantly d18-1 sphingosine in all cases.

e The most abundant Cer species were those containing C24:0 and C24:1 acyl chains.
e The main SM species was C16:0.

e  Brain was an exception, with Cer and SM C18:0 as the main species.

Abstract

Sphingolipids consist of a sphingoid base N-linked to a fatty acyl chain. Among them,
sphingomyelins (SM) are major components of mammalian cells, while ceramide (Cer) plays an
important role as a lipid second messenger. We have performed a quantitative lipidomic study
of Cer and SM species in different mammalian tissues (adipose tissue, liver, brain and blood
serum of human, mice, rat and dog), as well as in cell cultures of mammalian origin (primary
hepatocytes, immortalized MDCK cells, mice melanoma b16 cells, and mice primary CD4+ T
lymphocytes) using an ultra-high performance liquid chromatography coupled to time-of-flight
mass spectrometry (UHPLC-ToF-MS)-based platform. The data have been compared with
published, in general semi-quantitative, results from 20 other samples, with good agreement.
The sphingoid base was predominantly d18-1 sphingosine (2-amino-4-octadecene-1,3-diol) in
all cases. The fatty acid composition of SM was clearly different from that of Cer. In virtually all



samples the most abundant Cer species were those containing C24:0 and C24:1 in their N-acyl
chains, while the main species contained in SM was C16:0. Brain was the most divergent
tissue, in which Cer and SM C18:0 were very abundant.
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1. Introduction

Recent technical progress in organelle fractionation, mass spectroscopy, and the identification
and characterization of most enzymes responsible for lipid synthesis has established that the
lipid composition of cellular membranes varies significantly among organisms, tissues, and
organelles (Antonny et al., 2015). These differences are probably related to specific structural
and physiological properties of the different cells, tissues and organs. In this context lipid
compositions were until now mainly analyzed considering the lipid species and classified
according to their polar head. Using this criterion phospholipids have been generally classified
as phosphatidylcholines (PC), phosphatidylethanolamines (PE), phosphatidylserines (PS),
phosphatidylinositols (Pl), sphingomyelins (SM) and phosphatidic acids (PA) (Van Meer et al.,
2008). More recently the current lipidomic improvements have allowed the study of the
specific acyl chains associated to each phospholipid species (Ejsing et al., 2009; Han, 2016;
Shaner et al., 2009; Zheng et al., 2006), with the possibility of relating those data to specific
biophysical properties of each lipid.

Sphingolipids appear mainly in eukaryotic cells, where they exert important structural and
signalling functions (Hannun and Obeid, 2017). Sphingolipids are also known for their unusual
biophysical properties (Carrer and Maggio, 1999). Among them ceramides (Cer) and
sphingomyelins (SM), which are metabolically inter-related (Fig. 1), are particularly interesting
because they exert very different functional roles.

Apart from being important intermediates in sphingolipid metabolism, Cer play an important
role as lipid second messengers, or metabolic signals. A large number of agonists and stress
signals induce the hydrolysis of SM and/or other changes in sphingolipid metabolism that are
accompanied by the accumulation of Cer (Hannun and Luberto, 2000). Ceramides are
structurally organised around a sphingoid base, one of a set of aliphatic amino alcohols of
which the most abundant is sphingosine (d18:1). Sphingosine is N-linked via an amide linkage
to a fatty acyl chain, with a varying length from 2 to 34 carbons and different degrees of
unsaturation and hydroxylation (Furland et al., 2007; Poulos et al., 1987). Cer structure entails
unique biophysical properties leading to a special behaviour in membranes. Indeed, very low
concentrations of them suffice to form a Cer-enriched gel phase by lateral segregation in the
presence of a vast excess of membrane phospholipids (Veiga et al., 1999). Moreover Cer have
been proposed to play an important role in apoptosis, i.e. programmed cell death. This might
be related to their unusual property of increasing the permeability of model and cell
membranes, both to small and large, protein-sized, macromolecules (Artetxe et al., 2017;
Montes et al., 2002; Ruiz-Argiello et al., 1996). Perhaps, because of their potent membrane-



perturbing properties, Cer exist in very low concentrations in cell membranes (< 1 mol% lipid),
except under stress conditions, when their concentration may increase by one order of
magnitude (Kolesnick et al., 2000). Cer also appears to be a lipotoxic component in mouse and
human plasma, liver and adipose tissue, and its levels increase after a fat diet (Heilbronn et al.,
2013; Holland et al., 2011; Rodriguez-Cuenca et al., 2017).

In contrast, SM are major components of mammalian cells (10-20 mol% of plasma membrane
lipids). They consist of a hydrophobic Cer backbone with a phosphorylcholine esterified
through its C1-OH (the N-acyl chain contains typically 16-24 carbon atoms). SM have a strong
tendency to form stable bilayers in aqueous media. In addition, they interact with cholesterol
and with ceramides, presumably through multiple hydrogen bonds, giving rise to lateral
heterogeneities (‘domains’) in membranes. Biologically, SM are involved in different
physiological processes such as endocytosis and receptor-mediated ligand uptake, ion channel
and G-protein coupled receptor function, and protein sorting. SM are also an important
constituent of the eye lens membrane, and they are believed to participate in the regulation of
various nuclear functions (Slotte, 2013).

In spite of extensive studies on the biophysical properties of Cer and SM (Garcia-Arribas et al.,
2016; Goiii and Alonso, 2006) the relevance of the N-acyl chains for those properties has not
been addressed in detail (see review in (Alonso and Goiii, 2018)). Sot et al. (2005), compared
the properties of short-, medium-, and long-chain Cer. Pinto et al. (2008) inaugurated the
studies of very long-chain ceramides with their data on C24:1. Contreras et al. (Contreras et al.,
2012) described the specificity of C18:0 SM in the binding to the transmembrane domain of
the COPI machinery protein p24. Jimenez-Rojo et al. (2014) published the thermotropic
properties of SM, Cer, and SM-Cer mixtures with different N-acyl chain lengths. All these
studies underline the importance of the N-acyl chain in the sphingolipid biophysical properties.
Even so, there are very few detailed, reliable studies on the N-acyl chain composition of Cer or
SM depending on the natural origin, and the vast majority of the biophysical investigations
have been carried out with the C16:0 N-acyl derivatives, as representatives of the physiological
molecules. It is somewhat surprising that the modern lipidomics techniques have hardly been
specifically applied to examine the N-acyl contents of sphingolipids. Exceptions to this rule,
such as the detailed study of Cer and SM species in cultured human fibroblasts and rat
cerebellar granule cells performed by Valsecchi et al. (2007), are discussed below.

The present contribution intends to fill in the gap of quantitative lipidomic studies of natural
origin sphingolipids and describes the results of a lipidomic study of SM and Cer species in
different mammalian tissues (adipose tissue, liver, brain and blood serum of human, mice, rat
and dog), as well as in cell cultures of mammalian origin (primary hepatocytes, immortalized
MDCK cells, mice melanoma B16 cells, and mice primary CD4+ T lymphocytes). An ultra-high
performance liquid chromatography coupled to time-of-flight mass spectrometry (UHPLC-ToF-
MS)-based platform was used for optimal profiling of the lipidome.

2. Materials and methods

2.1 Materials

All human (male and female) serum/tissue donors were healthy, with normal levels of
cholesterol and triglycerides, no diabetes and no drug treatment. Ages were between 20 and
50, about equal number of samples per decade. Serum and tissue samples of healthy
volunteers included in this study (with informed consent) were provided by the Basque



Biobank for Research-OEHUN (http://www.biobancovasco.org/) and were processed with
appropriate approval of the Ethics Committee. All methods were carried out in accordance
with relevant guidelines and regulations and all experimental protocols were approved by the
Biobank Ethics Committee.

Standards for mass spectrometry were supplied by Avanti Polar Lipids (Alabaster, AL, USA).
Organic solvents were spectroscopic grade.

2.2 Lipid extraction from cell cultures

Proteins were precipitated from lysed cell samples (10-15 million cells) by adding 600 pl
methanol and 450 pl chloroform. Samples were incubated at 20°C for 30 min and, after vortex,
a 500 pl aliquot was collected and mixed with 75 ul water (pH 9). After brief vortex mixing, the
samples were incubated for 1 h at 20°C. After centrifugation at 16,000 x g and 4°C for 15 min,
180 pl of the organic phase was collected and the solvent removed. The dried extracts were
then reconstituted in 50 pl acetronitrile/isopropanol (1:1), resuspended for 10 min,
centrifuged (16,000 x g for 5 minutes at 4 °C), and transferred to vials for UHPLC—MS analysis
(Manni et al., 2017).

2.3 Lipid extraction from tissues

Approximately 15 mg of each tissue are weighted for the lipid extraction. Proteins were
precipitated by adding sodium chloride (50 mM) (3:1, v/w) and chloroform/methanol (2:1)
(30:1, v/w). The homogenization of the resulting mixture was then performed using a Precellys
24 homogenizer (Bertin Instruments, Montigny-le-Bretonneux, France) at 6500 rpm for 45
seconds. Samples were incubated at -20 °C for 1 hour and after vortexing them, 500 ul were
collected. After centrifugation at 18,000 x g for 15 minutes at 4 °C, the organic phase was
collected and dried under vacuum. Dried extracts were then reconstituted in
acetronitrile/isopropanol (1:1), resuspended with agitation for 10 minutes, centrifuged (16,000
x g for 5 minutes at 4 °C), and transferred to plates for UHPLC-MS analysis (Manni et al., 2017).

2.4 Lipid extraction from serum

10 pl of serum were mixed with sodium chloride (50 mM) and chloroform/methanol (2:1) in
1.5 mL microtubes at room temperature. After brief vortex mixing, the samples were
incubated for 1 hour at -20 °C. After centrifugation at 16,000 x g for 15 minutes at 4 °C, the
organic phase was collected and the solvent removed under vacuum. The dried extracts were
then reconstituted in 100 pl acetronitrile / isopropanol (1:1), centrifuged (16,000 x g for 5
minutes at 4 °C), and transferred to vials for UHPLC-MS analysis (Manni et al., 2017).

2.5 UHPLC-MS analysis

Analysis was performed using the ACQUITY UPLC® system (Waters Corp., Milford, MA, USA)
coupled online to a Waters QTOF PremierTM (Waters Corp.) with a 2.1 x 100 mm ACQUITY 1.7
m C18 BEH column (Waters Corp.) maintained at 60 °C. The mobile phase, at a flow rate of
0.15 mL/min, initially consisted of 60% solvent A (water, acetonitrile, and 10mM ammonium
formate) and 40% solvent B (acetonitrile, isopropanol, and 10mM ammonium formate),
increasing to 100% B over 10 minutes. After 5 minutes the mobile phase was reset to the initial
composition in readiness for the subsequent injection which proceeded a 45 s system recycle
time. The volume of sample injected onto the column was 2 uL. Mass spectrometry was used
in positive ion modes with the capillary current set at 2000 V and the cone voltages at 30 V.
The nebulizer gas was set at a flow rate of 1000 L/h and a temperature of 400 °C and the cone



gas at a flow rate of 30 L/h and a source temperature of 120 °C (Barr et al., 2012;
Martinez-Uiia et al., 2013).

Data were acquired in centroid mode at a resolution of 12000, using an accumulation time of
0.2 s per spectrum. MS data were acquired over an m/z range 50-1000. All spectra were mass-
corrected in real time by reference to leucine enkephalin, infused at a constant flow rate of 50
pL/ min (external pump) through an independent reference electrospray. The frequency was
set at 10 s. A single lock mass calibration at m/z 556.2771 in positive ion mode was used for
the complete analysis. The system was controlled by Masslynx 4.1 (Waters Corp.). The overall
quality of the analysis procedure was monitored using six repeat injections of a pooled sample,
considered as the quality control sample. Generally, the retention time stability was < 6 s
injection-to-injection variation and the mass accuracy < 3 ppm for m/z 400-1200, and < 1.2
mDa for m/z 50-400. The ion features considered for the following data analysis of the
sphingolipid classes were the adducts [M+H]* for sphingomyelins and [M+H-H20]* for
ceramides, where M+H corresponds to the analyte molecule.

2.6 Number of samples for MS analysis

Number of samples was: human adipose tissue, 68; rat adipose tissue, 5; rat brain, 5; mouse
brain, 5; canine liver, 3; healthy human liver, 8; rat liver, 5; mouse liver, 10; healthy human
serum, 285; rat serum, 5; mouse serum, 10; primary hepatocytes, 10; mouse lymphocytes
isolated from peripheral blood, 3; B16 cells, 20.

2.7 Sphingolipid quantification

Quantification was achieved by external calibration considering linear and quadratic
calibration. Briefly, the calibration curve was prepared by weighing 5 mg of the appropriate
standards (Avanti, Alabaster, AL, USA) and preparing solutions in volumetric flasks with
methanol. From a mixture prepared in a volumetric flask, serial dilutions were done. In all
cases it was assumed that the recovery of extraction was 100%. Concentration ranges were
calculated with 95% interval of confidence assuming t-distribution. Data are given per mg fresh
weight tissue or per mL in the case of serum.

3. Results

This study describes the SM and Cer composition of different mammalian tissues and cell
cultures through liquid chromatography coupled to mass spectrometry. Fig. 2 shows a
‘heatmap’ summarizing the detected SM and Cer species in the various tissues/cells. The
quantitative data can be found in the Supplementary Material. The sphingoid base was
predominantly d18-1 sphingosine (2-amino-4-octadecene-1,3-diol). The most abundant Cer
species were those containing C24:1 and C24:0 as their N-acyl chains. The distribution was very
similar in all tissues, except in brain, that contains C18:0 as the main species. No major changes
were observed among different organisms, but for the higher levels of C22:0 Cer detected in
mice liver and serum. The results in cells were similar to those observed in tissues, with a clear
predominance of C24:1 and C24:0 Cer.

However, with respect to SM the data in Fig. 2 show a predominance of C16:0, followed by
C24:1 and C24:0 for most of the tissues and cells. Again, the brain showed a substantial
presence of C18:0, with relatively lower levels of C16:0.



Absolute values, rather than percent distributions, were obtained for selected lipids and
tissues through the use of quantitative internal standards. The results are summarized in Table
1. In all cases total SM concentration is at least one order of magnitude higher than the total
Cer concentration, as expected for the extreme Cer activity in destabilizing membrane
structure (Contreras et al., 2005; Ruiz-Argliello et al., 1996). The most abundant Cer in all
samples is C24:0, except in brain where C18:0 predominates. In turn the N-acyl C16:0 chain, a
minor presence in Cer, is the most abundant one in SM (together with C24:0 in liver and brain).

4. Discussion

The overall conclusion of our lipidomic studies is that, in spite of their close metabolic kinship,
the fatty acid composition of SM is clearly different from that of Cer. Possible explanations
include the fact that ceramide may arise not only from sphingomyelinase cleavage of SM, e.g.
under stress conditions, but also from de novo synthesis by the ceramide synthases (Levy and
Futerman, 2010; Mullen et al., 2011). In any case a poorly known interplay of esterases and
synthases could also remodel the fatty acid compositions of SM and Cer.

In agreement with published data, our analysis show that the sphingoid base was
predominantly d18-1 sphingosine (2-amino-4-octadecene-1,3-diol) (Kolak et al., 2007;
Sugimoto et al.,, 2016; Valsecchi et al.,, 2007; Zhang et al., 2013). In other hands our
quantification showed that in all cases total SM concentration is at least one order of
magnitude higher than the total Cer concentration. This trend was also observed in other
studies (Kolak et al., 2007; Valsecchi et al., 2007; Zhang et al., 2013) and it is expected from the
extreme Cer activity in destabilizing membrane structure (Alonso and Goiii, 2018; Goiii et al.,
2014).

An important general observation is the fact that C16:0 predominates in SM, while C24:0 does
so in Cer. These two fatty acids differ fundamentally in the length. C16:0 fits well the thickness
of a half-bilayer, while C24:0 is far too long. SM is essentially a structural lipid that stabilizes
the membrane bilayer, thus the abundance of C16:0 is very appropriate for its role. Studies by
Jiménez-Rojo et al. (2014) show that the thermotropic gel-fluid transition of C16:0 SM is very
narrow, i.e. highly cooperative, as occurs with the fully saturated glycerophospholipids (Marsh,
2013), while C24:0 SM gives rise to a complex endothermic signal, indicative of bilayer
heterogeneities, probably due to N-acyl chain interdigitation between both monolayers.
Supporting the results above, Maté et al. (2014) described that C24:0 SM and C16:0 SM gave
rise to lateral segregation and domain formation in ternary mixtures with dioleoyl
phosphatidylcholine. In contrast C24:1 SM and C16:0 SM were miscible, giving rise to a
homogeneous phase.

With respect to ceramides, the abundance of C24 species is very remarkable (Table 1) and is in
contrast with the predominant use of C16:0 Cer in most biophysical and biochemical studies.
An exception to the latter rule is constituted by the studies of Jimenez-Rojo et al. (2014), Pinto
et al. (2008, 2011) including C24 Cer, and the series of reports by Slotte and co-workers (Al
Sazzad et al., 2017; Ekholm et al., 2011; Maula et al., 2015; Maula et al., 2012; Slotte, 2013) in
which both the polar and non-polar parts of sphingolipids are systematically varied. Pinto et al.
(2008, 2011) found that C18:0 Cer and C24:0 Cer had several biophysical properties in
common, except for the latter’s tendency to form tubular structures in giant unilamellar
vesicles when mixed with palmitoyl oleoyl phosphatidylcholine. Tubulation was hypothetically



related by those authors to the acyl chain length asymmetry and subsequent packing defects
caused by the interdigitation of the C24 chain.

Results from other laboratories concerning the Cer and SM species in natural tissues are
summarized in Table 2. Although quantitative data are not very common, mass spectrometry
being used primarily to obtain percent distributions of lipid species, at least the most abundant
species in each examined system can be easily detected, and they are included in Table 2.
There is good agreement between our data in Fig. 2 and those in Table 2. The predominance of
C16:0 as the main fatty acid in SM is widespread, with the exception of nervous and muscle
tissues, where C18:0 SM predominates. The complex relationship between SM C16:0. C24:0
and C24:1, described in (Maté et al.,, 2014) and discussed above may explain the frequent
coexistence of saturated and unsaturated SM. Of 15 samples (Tables 1 and 2) in which C16:0 is
the predominant SM species, SM C24:1 is also found among the most abundant SM species in
11 of them.

Some more variation exists in ceramide. Of 31 Cer samples whose fatty acyl data are known
from the combined Fig. 2 and Table 2, C24:0 was the most abundant species in 17 of them,
while C24:1 predominated in 7. Only in two samples (human adipose tissue and exosomes
from human prostate cancer cells) was Cer C16:0 found as the main species. Again C18:0 was
mainly found in nervous and muscle tissues.

Our observation that C18:0 SM and C24:1 SM were the most abundant species in brain (Fig. 2,
Table 1) deserves some comment. C18:0 SM was also the most abundant species found by
Takamori et al. (Takamori et al., 2006) in synaptic vesicles. In the same study the authors
detected as well a high percentage of polyunsaturated phospholipids and an enrichment in
cholesterol. In this context, considering the low affinity of polyunsaturated lipids for colesterol
(Ipsen et al., 1987), C18:0 SM could participate actively interacting with the sterol and giving
rise to specific fluid-ordered domains. Moreover the high levels of C24:1 in brain (Fig. 2) could
be related to its fluidifying tendency (Maté et al., 2014), and this could find an application in
the synaptic regions in which a high fluidity is needed to facilitate exocytosis and membrane
recycling. In a recent contribution Manni et al. (2018) described that polyunsaturated
phospholipids confer to biological membranes special mechanical properties increasing the
ability of dynamin to cause fission, probably for the high flexibility of their acyl chains.

Valsecchi et al. (2007) also found that C18:0 was the most abundant species in Cer and SM of
rat cerebellar cultured cells while C16:0 and C24:1 predominated in cultured fibroblasts.
However, at variance with those authors, we found a relative abundance of SM species with
fatty acids longer than C18 in brain SM, mainly C24:0 and C24:1. Our quantitative results for
brain tissue are in good agreement with those by Valsecchi et al. (2007) for cerebellar cultured
neurons. (For comparing the latter and our own results we have assumed that the examined
tissues contained about 100 pg protein/mg wet wt tissue).

The physiological correlations of these data are not easy to establish. However, Hartmann et
al. (Hartmann et al.,, 2012; Hartmann et al., 2013) demonstrated that in human colon and
breast cancer cells, overproduction of C16:0 or C18:0 Cer induces apoptosis and inhibits cell
cycle progression, leading to inhibition of cell proliferation and cell death. On the other hand,
overproduction of very long chain Cer (d18:1/24:0-24:1) had a slight proliferative effect in
these cells. These data could give us an indication about the importance of the balance of
chain length in cell physiology. The tendency detected in our study seems to relate the
abundance of very long chain with actively proliferating cells, as liver cells, primary



hepatocytes and cultured cell lines. However, in neurons, which are well known not to
undergo cell division in the adult brain, C18:0 Cer is the most abundant species.

Our contribution constitutes a detailed study about Cer and SM species in different organisms
and tissues taking advantage of available metabolomic data (Martinez-Arranz et al., 2015). We
detected that sphingolipid species are conserved in different mammals while no organism-
specificity was observed. The most divergent tissue was brain, probably for its structural and
functional peculiarities. While SM are well known to be important in the stability and
structural integrity of plasma membrane, Cer are considered for their importance as signaling
mediators in the balance between cell death and proliferation. For this reason, several studies
have been published relating imbalance of Cer and SM lipid species to various diseases. In this
context our study opens an interesting issue about the involvement of sphingolipid species in
the physiology of cells. It also demands an effort in the biophysical studies of the largely
neglected C18-C24 sphingolipids.
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Figure Legends
Figure 1. Metabolic interconversion of ceramides and sphingomyelins.

Figure 2. (A) Heatmap representation of the relative abundance of Cer and SM in different
tissues and mammalian species. (B) Heatmap representation of the relative abundance of Cer
and SM in different cell lines. Each data point corresponds to the peak area of a given
sphingolipid (horizontal axis) related to the sum of the peak areas of detected sphingolipids of
each class. Results are averaged from a minimum of three samples (independent experiments)
per data point. Actual number of samples for each data point is given under Methods. Data is
expressed as percentage, as indicated in the colour code at the bottom. Grey data points
indicate undetected sphingolipids. The data in figures can be found in the Supplementary
Material.



Table 1. Quantification of Cer and SM most abundant species in different tissues.
Quantification was achieved by comparison with authentic standards (d18:1/16:0,
d18:1/18:0, and d18:1/24:1).

RAT HUMAN

LIVER BRAIN ADIP.T. SERUM  SERUM

ng/mg ng/mg ng/mg. ng/ml ng/ml
Cer (d18:1/16:0) 4.7 0.34 2.4 52.4 67.0
Cer (d18:1/24:1) 8.6 5.7 n.d. 205.2 274.1
Cer (d18:1/18:0) 0.50 47.5 0.57 15.7 33.8
Cer (d18:1/24:0) 28.5 1.2 2.8 621.4 1173.8
SM (d18:1/16:0) 123.9 22.0 22.0 15052.3  42387.3
SM (d18:1/24:1) 64.6 95.8 3.9 9804.7  16914.1
SM (d18:1/18:0) 13.8 95.6 3.2 989.5 5312.0
SM (d18:1/24:0) 170.2 23.8 7.1 8365.1  11651.3




Table 2. Cer and SM most abundant species in different tissues (studies from other

laboratories).

Tissue or cell line

SM species

Cer species Ref

Human plasma
Human synovial fluid
Human erythrocyte
Human fibroblast

Human adipose tissue

Human liver nucl. Memb.

Human hepatoma cells
Hum. Prostate cancer
Exosomes from above
Hum. glioma tissue
Rat cereb.granule cells
Mouse brain

Mouse liver

Mouse liver

Mouse lung

Mouse lung

Mouse spleen

Mouse muscle

MDCK cells

DRM from above

C16:0, C24:0, C22:0
C16:0, C24:1

C16:0, C24:1, C24:0
C16:0, C24:1, C24:0
C16:0, C24:1, C22:0
C16:0

C16:0

C16:0, C24:1, C24:0

C16:0, C24:1, C24:0

C18:0, C16:0

C16:0, C24:0, C24:1

C16:0, C24:1, C24:0

C18:0, C22:1, C22:0
C16:0, C24:1, C24:0

C16:0, C24:1, C16:0

(Mecatti et al., 2018)

(Kosinska et al., 2014)

(Maté et al., 2014)
C24:1,C16:0 (Mannietal., 2017)
€24:1, C22:0, C16:0 (Kolak et al., 2007)
C16:0, C24:0 (Lazzarinietal., 2015)
C24:0, C16:0 (Lazzarinietal., 2015)
C24:1, C24:0, C16:0 (Llorente et al., 2013)

C16:0, C24:0, C24:1 (Llorente et al., 2013)

C18:0 (Wang et al., 2017)
C18:0 (Valsecchi et al., 2007)
C18:0 (Zhang et al., 2013)

C€24:0, C16:0, C22:0 (Sugimoto et al., 2016)
C24:0, C24:0, C16:0 (Zhang et al., 2013)
C24:0, C24:1, C16:0 (Zhang et al., 2013)
C24:0, C24:1, C22:0 (Dautel et al., 2017)
C24:0, C24:1, C16:0 (Zhang et al., 2013)
C18:0 (Montgomery et al., 2017)
C24:0, C24:1 (Manni et al., 2015)

C24:0, C24:1, C16:0 (Manni et al., 2015)

Up to three particularly abundant species are given for each sample, in order of decreasing
abundance. The most abundant species for each sample is written in bold italics. Only one or

two species are given when they are largely predominant over any other.
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