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a b s t r a c t

Lipids have been implicated in Parkinson's Disease (PD). We therefore studied the lipid profile of the
neuroblastoma SH-SY5Y cell line, which is used extensively in PD research and compared it to that of the
A431 epithelial cancer cell line. We have isolated whole cell extracts (WC) and plasma membrane (PM)
fractions of both cell lines. The isolates were analyzed with 31P NMR. We observed a significant higher
abundance of phosphatidylcholine (PC) for SH-SY5Y cells for both WC (55 ± 4.1%) and PM (63.3 ± 3.1%)
compared to WC (40.5 ± 2.2%) and PM (43.4 ± 1.3%) of A431. Moreover, a higher abundance of phos-
phatidylethanolamine was detected for the WC of A431 compared to the SH-SY5Y. Using LC-MS/MS, we
also determined the relative abundance of fatty acid (FA) moieties for each phospholipid class, finding
that SH-SY5Y had high polyunsaturated FA levels, including arachidonic acid compared to A431 cells.
When comparing our results to reported compositions of brain and neural tissues, we note the much
higher PC levels, as well as very low levels of docosahexaenoic acid. However, relative levels of arach-
idonic acid and other polyunsaturated fatty acids were elevated, in line with what is desirable for a
neural model system.
© 2023 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC license

(http://creativecommons.org/licenses/by-nc/4.0/).
1. Introduction

Parkinson's Disease (PD) has been linked to changes in the
neurological lipid composition [1]. It is thought that such changes
could potentially contribute to the formation of harmful aggregates
by a-Synuclein (a-Syn). This misfolding behaviour could in turn
lead to a disruption of lipid metabolism [2], constituting a detri-
mental feedback mechanism between these misfolding diseases
and the alteration of the lipidome. The investigation of these
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mechanisms would be helped by detailed knowledge of the lip-
idomes of relevant model systems. Clinical investigations and
studies of animal models are resource intensive and limited by
time, ethical considerations, and experimental options. Neurolog-
ical cell lines, avoid these constraints and are generally accepted as
valuable tools for the study of these diseases [3].

The lipid profiles of such cell lines, and in particular of their
plasma membranes or organelles, are only recently beginning to be
described in the scientific literature [4,5]. The SH-SY5Y cell line is a
prime example of a cell line widely used in the study of neuro-
logical diseases, where lipids are increasingly being linked to dis-
ease progression [1,4]. It has been used to study several aspects of
PD including toxicity induced by extracellular a-Syn [6], and the
underling mechanisms and kinetics of a-Syn degradation [7,8]. The
lipid profile of SH-SY5Y cells has not been extensively investigated,
and has only been characterised in response to changes caused by
Li2þ, and by neurotoxin treatments to induce cellular states rele-
vant for PD [4,5,9]. The lipid composition of differentiated cells has
also been investigated, with respect to fatty acid profile only [10].
The increased focus of lipids involvement in neurodegenerative
e under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).
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diseases (ND) raises the question whether the SH-SY5Y cell line is
an optimal neuronal and ND model with regards to lipid
composition.

We therefore chose the SH-SY5Y cell line as the primary target
of our study and aimed to provide a comprehensive description of
its phospholipid fraction. In such investigations, however, it is
difficult to know whether notable observations are due to cell
specialization, its neoplastic properties, cell culturing or method-
ology. We conducted a comparative lipidomic study, contrasting
our results with another neoplastic cell line, A431, of epidermal
origin. Neither cell lines are very well characterised with respect to
their whole cell lipid composition, and little information regarding
the composition of their plasma membrane (PMs) exists. 31P NMR
and LC-MS/MS were hence used to gain information about phos-
pholipid composition and abundance as well as acyl chains for both
whole cell and PM fractions, and significant differences were dis-
cussed in terms of lipid metabolism and suitability of SH-SY5Y as a
model system for investigating lipid links to NDs.

2. Material and methods

2.1. Materials

The primary antibodies used in this study were as follows: Naþ/
Kþ ATPase a (H-3) (Santa Cruz, SC-48345), Calnexin (Abcam,
ab22595), b-Actin (Santa Cruz, SC-69879) and Lamin A/C (E-1)
(Santa Cruz, SC-376248). The secondary anti-mouse or rabbit HRP-
conjugated antibodies were from Thermo Fisher (G-21234 and G-
21040). Lipase inhibitors (FIPI, U73122, and D609) were acquired
from Tocris Bioscience Ltd. Dichloromethane was purchased from
Thermo Fischer Scientific. Solutions for cell cultures, and all other
chemicals were acquired from Millipore Sigma.

2.2. Cell culture and lipid isolation

The SH-SY5Y (obtained from DSMZ, ACC 209; Leibniz Institute)
and A431 (obtained from Professor Arnesen) cell lines were
cultured and harvested as described in Jakubec et al. [11]. The PM
isolation protocol used in this study was an adaptation of the
protocol by Costa and colleagues, and our previously published
protocol [11e13]. Trypsinated cells were prepared as described in
Ref. [11] and lysed with the hypotonic buffer used in Ref. [12]. The
PM fractions were then isolated as described in Ref. [12]. The cell
material for both whole cell and lipid extraction were frozen
at �80 �C before being freeze-dried. The lipids obtained from the
freeze-dried samples were isolated using a dichlor-
omethane:methanol:water solution as described previously [11,14].

2.3. Western blot analysis

The purity of samples collected during PM isolationwas checked
using Western blot, as described in Jakubec et al. [11]. The mem-
brane was incubated overnight at 4 �C with the primary antibodies
for Naþ/Kþ ATPase a (1:5000), Calnexin (1:1000), b-Actin (1:1000)
and Lamin A/C (E-1) (1:10000). A secondary HRP-conjugated
antibody (1:25000, 1 h, RT) was used to detect the primary anti-
body. Detection of protein bands and gel visualizationwas achieved
as in Jakubec et al. [11].

2.4. NMR and LC-MS/MS analysis

Fractions of the dried lipid material, extracted from whole cell
and PM fractions as described above, were subjected to Accurate
mass LC-MS and MS/MS on a Thermo Q-Exactive mass spectrom-
eter and a Dionex Ultimate 3000 UPLC (ThermoFisher, USA). Other
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fractions of the extracted lipid material were resuspended with the
Culeddu-Bosco “CUBO” solvent system [15], and the data was ac-
quired at 300 K using a Bruker BioSpin NEO600 spectrometer. Both
the LC-MS/MS and NMR were performed as previously described
[11].
3. Results

3.1. Phospholipid composition of SH-SY5Y and A431 whole cell
fractions

To investigate and compare the phospholipid content of SH-
SY5Y and A431 cells, we isolated their whole cell fractions and
analyzed them using quantitative 31P NMR. First, NMR signals
corresponding to phospholipids were identified based on their
chemical shifts in the CUBO solvent [15]. NMR signals corre-
sponding to PC, PE, DiCH3PE, LPC, CL, SM, LPE, PI, PG, LPI and PS
were identified in A431 extracts (Fig. 1A., lipid abbreviations
explained in figure legend). Likewise, for the whole cell fractions of
SH-SY5Y cells, the same lipids were identified except for LPE and
LPI. The relative abundances of each lipid species were determined
by integrating the deconvoluted peaks of the 31P NMR spectra
(Fig. 1A), and these abundances were then compared (Fig. 1B). Non-
identified phosphorus signals were combined and referred to as
Unidentified total (Utot). The most abundant lipid from the SH-
SY5Y whole cell fractions was PC (55.0 ± 4.1%) followed by PE
(14.4 ± 4.3%) (Fig. 1B and C). Similarly, the most abundant lipid in
the A431 whole cell fractions was PC (40.5 ± 2.2%) followed by PE
(26.4 ± 1.7%). The values for the remaining lipids are shown in
Fig. 1C. We then compared the lipid abundance between the two
cell lines and found significant differences for PC, PE, SM and PI, and
found that the PC levels were significantly higher in the case of SH-
SY5Y, while the levels of PE, SM, and PI were lower.
3.2. Phospholipid composition and abundance in SH-SY5Y and A431
plasma membranes

PM fractions were isolated from SH-SY5Y and A431 cells using
centrifugation and the purity of the fractions was assessed with
Western immunoblotting for the presence of markers for various
subcellular locations (Fig. 2A). A substantial up-concentration of
Naþ/Kþ ATPase (used as a PMmarker) in the membrane pellets was
achieved for both cell lines. Low amounts of Lamin A/C were
detected for both cell lines in these fractions, indicating low nuclear
contamination. Some contamination from ER membranes and the
cytosol could not be avoided as Calnexin (used as an ER marker)
and b-actin (a cytosol marker) were detected for both cell lines. We
concluded that we obtained samples consisting predominantly of
PM material and proceeded with determining the phospholipid
abundances.

The PM fraction lipids were extracted and analyzed with 31P
NMR, as described for the whole cell fractions. From the PM frac-
tions of both cell lines, the lipids identified were PC, PE, DiCH3PE,
LPC, SM, PI, and lower amounts of PS, CL and PG (Fig. 2B). The three
most abundant phospholipids in the SH-SY5Y fractions were PC
(63.3 ± 3.1%), PE (13.7 ± 4.4%) and PI (6 ± 1.6%). The same phos-
pholipids were detected in the A431 PM fractions, with similar PI
levels (7.7 ± 1.7%) but showed significantly lower PC levels
(43.4 ± 1.3%) and higher PE levels (19.8 ± 3.9%) (Fig. 2C). The values
for the remaining lipids are shown in Fig. 2C. Importantly, SH-SY5Y
showed a significantly higher abundance of PC and lower abun-
dance of SM.



Fig. 1. 31P NMR spectra and phospholipid abundance of whole cell fractions from SH-SY5Y and A431 cells. A) 31P spectrum of an SH-SY5Y (Blue) and A431 (Black) whole cell
samples. The different peaks in spectrum represents a specific phospholipid and the abundance are dependent on the area occupied and the height and sharpness of the peak. The
most abundant lipid, PC, was used to calibrate the axis and set to 0 ppm. B) Box plot representing the distribution of the abundance of each phospholipid in the individual samples
after deconvolution of the 31P NMR spectra. The unfilled boxes on the left side of each phospholipid represents the SH-SY5Y samples (n ¼ 4) and filled boxes on the right are A431
samples (n ¼ 4). Utot represents the peaks that could not be identified in the 31P spectra. C) The average abundance of each phospholipid from SH-SY5Y and A431 fractions with
standard deviation based on the population added. Abbreviations: Phosphatidylcholine (PC), Lysophosphatidylcholine (LPC), Phosphatidylethanolamine (PE), Cardiolipin (CL),
Sphingomyelin (SM), Phosphatidylinositol (PI), Phosphatidylglycerol (PG), Phosphatidylserine (PS), Unidentified (U), Unidentified total (Utot). D) PC:PE ratios. Ratios from four
measurements were calculated for each cell type; the average and standard deviations of the ratios are shown as bars and error bars, respectively. For panels B, C and D, the «*»
indicates where a significant difference was observed (two-tailed Welch t-test, p � 0.05). (For interpretation of the references to color in this figure legend, the reader is referred to
the Web version of this article.)
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3.3. Acyl chain abundances in whole cell and plasma membrane
fractions

We also sought to identify which acyl chains are attached to the
different phospholipids. After isolating the lipids from whole cell
fractions, samples were also analyzed using our previously devel-
oped iterative exclusion LC/MS method and LipMat script [11,16].
Acyl chainswere identified for all the glycerophospholipids isolated
from the whole cell fractions for both cell lines, except for PG,
which was only detected in A431 cells (Table 1). From the SH-SY5Y
whole cell fractions, relative abundances were acquired for two acyl
chains for PC, 14:0 (41 ± 20.3%) and 16:0 (41 ± 20.3%). The most
abundant acyl chains were 18:0 (42.1 ± 9.8%) for PE, 18:0
(38.8 ± 18%) and 20:4 (47.4 ± 17.1%) for PI, and 18:0 (48.5 ± 14.9%)
and 18:1 (38.3 ± 20.5%) for PS.

In the A431 whole cell fractions, the most abundant acyl chains
were 16:0 for PC (50 ± 28.3%) and 18:0 for PI species (29.3 ± 3.3%).
In contrast, unsaturated acyl chains were the most abundant lipid
moieties in the other glycerophospholipids, 18:1 for PE
(41.4 ± 3.1%), PS (41.9 ± 9.1%) and the only acyl chains quantified for
PG were 18:1 (50 ± 11.6%). The polyunsaturated fatty acid (PUFA)
20:4 was detected for PE (6.5 ± 1.7%) and PI (11.9 ± 5.2%) and 22:6
25
was detected for PE (1.4 ± 0.4%) and PI (0.3 ± 0.09%). The remaining
values for the acyl chains for the whole cell fractions of both cell
lines are shown in Table 1.

For the PM fractions, acyl chains were identified for PC, PE, PI, PS
and PG for both cell lines (Table 2). The most abundant acyl chains
in the SH-SY5Y PM fractions were 18:1 (35.7 ± 4.9%) for PC, 18:1
(25.1 ± 4.8%) for PE, 18:1 (27.0 ± 6.7%) for PI and 18:0 (39.4 ± 6.3%)
for PS. 20:4 was detected with PC (4.5 ± 0.1%), PE (18.0 ± 6.2%) and
PI (20.2 ± 2.4%). 22:6 was only detected for PE (2.6 ± 1.6%). In the
A431 PM fractions the most abundant acyl chain was 16:0
(47.8 ± 15.8%) for PC and 18:1 (47.7 ± 4.9%) for PE. The highest
abundance for PI was 18:1 (27.0 ± 6.7%) and the same for PS
(17.6 ± 12.2%). 20:4 was detected for PE (18.0 ± 6.2%) and PI
(20.2 ± 2.4%). The rest of the values for the acyl chains in the SH-
SY5Y and A431 PM fractions are shown in Table 2.

3.4. Abundance of SFA, MUFA and PUFA in whole cell and PM
fractions

From the data acquired from the LC-MS/MS analysis of the PM
fractions, the abundance of saturated FA (SFA), monounsaturated
FA (MUFA) and PUFA was identified (Fig. 3). For the whole cell



Fig. 2. Purity of the plasma membrane fractions and their phospholipid composition and abundance. A) Fractions collected from the isolation of PM from SH-SY5Y and A431 cells
were sonicated and centrifuged, and the resulting pellets (PELL) and supernatants (SPN) were resolved on a 10% SDS-PAGE. This was then transferred to a nitrocellulose membrane
and incubated with different antibodies to check the purity. The following antibodies were used: ATPase (Plasma membrane), Lamin A/C (Nucleus), Calnexin (ER), b-Actin
(Cytoplasmic). B) PM fractions that were deemed pure enough were analyzed with 31P NMR to identify the phospholipid composition. The box plots represent the abundance of
each phospholipid in the different samples after deconvolution of the 31P NMR spectra. The open boxes on the left side of each phospholipid represents the SH-SY5Y samples (n ¼ 4)
and colored boxes on the right are A431 samples (n ¼ 4). C) The average abundance of each phospholipid from SH-SY5Y and A431 fractions with standard deviation based on the
population added. The «*» indicates where a significant difference was observed (two-sided Welch t-test, p � 0.05). Abbreviations: Homogenate (HG) Supernatant (SPN), Pellet
(Pell) Nuclei (NUC), Membrane (MB), Phosphatidylcholine (PC), Phosphatidylethanolamine (PE), Cardiolipin (CL), Sphingomyelin (SM), Phosphatidylinositol (PI), Phosphatidyl-
glycerol (PG), Phosphatidylserine (PS), Unidentified total (Utot). D) PC:PE ratios. Rations from four measurements were calculated for each cell type; the average and standard
deviations of the ratios are shown as bars and error bars, respectively. No significant difference was observed (two-tailed Welch t-test, p ¼ 0.085).

Table 1
Relative abundance of fatty acids identified for the phospholipids isolated in SH-SY5Y and A431 whole cell fractions. The number of samples for SH-SY5Y and A431 were n ¼ 6
and n ¼ 4, respectively. The relative abundance is given in % with standard deviations.

FA SH-SY5Y WC A431 WC

PC PE PI PS PC PE PI PS PG

14:0 41.0 ± 20.3
16:0 41.0 ± 20.3 50 ± 28.3 11.1 ± 4.2 7.0 ± 1.5 9.5 ± 3.9
16:1 4.0 ± 0.8 5.6 ± 2.8 3.2 ± 0.1
17:1 2.1 ± 1
18:0 42.1 ± 9.8 38.8 ± 18.0 48.5.4 ± 14.9 12.9 ± 4.2 29.3 ± 3.3 33.2 ± 12.7
18:1 10.7 ± 6.4 38.3 ± 20.5 41.4 ± 3.1 24.0 ± 2.1 41.9 ± 9.1 50 ± 11.6
18:2 6.8 ± 2.9 8.1 ± 5.4
20:1 2.5 ± 1.3 5.5 ± 2
20:3 3.2 ± 1.9 2.2 ± 1.0
20:4 47.4 ± 17.1 6.5 ± 1.7 11.9 ± 5.2
22:6 1.4 ± 0.4 0.3 ± 0.09
Others 17.9 57.8 2.9 13 50 13.1 2.6 9.7 50
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fractions the abundance ofMUFAwere higher for A431 (47.2± 4.6%)
compared to SH-SY5Y cells (23.3 ± 7.2%). The opposite was
observed for PUFA with a higher abundance for SH-SY5Y
(39.6 ± 2.2%) compared to A431 (19.4 ± 6.6%). The SFA abundance
was similar for both cell lines as seen in Fig. 3A. A significant dif-
ference was observed for MUFA and PUFA (p < 0.05, two-tailed
Welch t-test). The abundance of SFA, MUFA and PUFA for the PM
fractions were identified as for the whole cell fractions. Like the
whole cell fractions, the SH-SY5Y cells had a higher abundance of
26
PUFA and lower MUFA compared to A431 cells. The differences in
MUFA and PUFAwere significant (p < 0.05, two-tailedWelch t-test).
The SFA abundance was similar for both cell lines, which can be
seen in Fig. 3B.

4. Discussion

Our approach allowed us to extract sufficient PM lipid material
for 31P NMR analyses, and as such addressed a problem



Table 2
The relative abundance of fatty acids identified for the different phospholipids detected in the SH-SY5Y and A431 plasma membrane fractions. The number of samples for SH-
SY5Y and A431 were n ¼ 4 and n ¼ 3, respectively. The relative abundance is given in % with standard deviations.

FA SH-SY5Y PM A431 p.m.

PC PE PI PS PG PC PE PI PS PG

13:1 0.4 ± 0.2
14:0 1.9 ± 0.1
16:0 21.1 ± 2.8 4.0 ± 2.0 5.4 ± 2.7 47.8 ± 15.8 13.7 ± 7.6 17.8 ± 4.5 21.6 ± 14.2
16:1 20.8 ± 6.2 5.3 ± 2.6 4.3 ± 1.1 1.5 ± 0.05 30.2 ± 4.2
16:2 0.6 ± 0.1 1.4 ± 0.1
17:0 1.2 ± 0.1
17:1 1.3 ± 0.5 3.3 ± 1.2
18:0 11.2 ± 3.3 24.5 ± 3.1 17.5 ± 3.7 39.4 ± 6.3 19.5 ± 6.7 22.2 ± 2.1 8.4 ± 3.9
18:1 35.7 ± 4.9 25.1 ± 4.8 27.0 ± 6.7 17.6 ± 12.2 40.6 ± 15.4 39.5 ± 20.9 47.7 ± 4.9 22.5 ± 3.6 49.3 ± 8.9 31.8 ± 4.8
18:2 7.5 ± 0.8
18:3 0.7 ± 0.07
19:1 5.3 ± 1
20:3 25.6 ± 5.7 2.7 ± 0.8
20:4 4.5 ± 0.1 18.0 ± 6.2 20.2 ± 2.4 2.1 ± 0.7 3.9 ± 0.6
22:3 0.5 ± 0.2
22:6 2.8 ± 1.6
Others 2 14.6 2.8 42.8 59.3 12.5 10.7 18.7 19 37.9

Fig. 3. Abundance of saturated, monounsaturated, and polyunsaturated fatty acids in
Whole cell and PM fractions. A) Average abundance in % of saturated fatty acids (SFA),
monounsaturated fatty acids (MUFA) and polyunsaturated (PUFA) in whole cell frac-
tions for A431, represented in black (n ¼ 4) and SH-SY5Y is in grey (n ¼ 4). B) Average
abundance of FA categories in PM fractions with standard deviations based on the
whole population added. A431 represented in black (n ¼ 3) and SH-SY5Y in grey
(n ¼ 4). The «*» and «**» indicate where a significant difference was observed (two-
tailed Welch t-test, p � 0.05 and p � 0.005 respectively).
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encountered in our earlier study [11]. The nuclear contaminations
were removed in large parts from the PM fractions, but endo-
plasmic reticulum (ER) contamination, as indicated by Calnexin,
persisted in the fractions after attempts at optimization. The pres-
ence of Calnexin has been observed in other studies [11,17]. The
difficulty of removing ER could be related to the membrane contact
27
sites that connects the PM to the ER [18]. Similarly, mitochondrial
contamination has also been reported and was observed in the 31P
NMR analysis in the form of CL and PG, lipids that are enriched in
this organelle [19]. Removal of the mitochondrial contamination
proved difficult, so instead, samples presenting high contents of CL
and PG were rejected from further analysis.

The analysis of the phospholipid composition of the whole cell
fraction revealed that there was a significant difference in the
abundance of PC, PE, PI and SM between the SH-SY5Yand A431 cell
lines. The abundance of PC, PE and PI in the A431 cells was similar
to that reported for other epithelial cell lines [20,21]. For SH-SY5Y
the SM abundance was similar to our previous study of the same
cell line [11], but lower compared to A431. However, we note that
the abundance of these phospholipids in the SH-SY5Y differs from
reported brain composition [22,23], with a higher abundance of PC
and PI and lower amounts of PE and SM. The PC abundance re-
ported for neurons isolated from rat brain (54.2%) is similar to our
results but higher compared to rabbit (46.8%). The neurons isolated
from rat and rabbit had a PE abundance between 27.1% and 31%,
which is higher than our values. For PI, we see a higher abundance
compared to rat (6.0%) and rabbit neurons (5.6%), while SM abun-
dance was lower compared to rat (4.4%) and rabbit (7.9%) [24,25].

For the PM fractions of both cell lines, we were able to detect a
significant difference in the abundance of PC and SM. PC abundance
in SH-SY5Y cells was similar to what we observed previously [11].
This measure is also higher than what is usually observed for the
PM of mammalian cells (40e50% for rat liver cells, baby hamster
kidney cells) [19,26,27]. Interestingly, the measured SH-SY5Y PC
values are much higher compared to that of human white matter
(30.2%) and grey matter (38.9%). The PM lipid composition of hu-
man neurons has not been well described, but relative to synaptic
PMs derived from rat and other neuroblastoma cultures suggests
that the PC abundance of the PM of SH-SY5Y cells is higher [28,29].
Another significant difference was the low PM abundance of SM in
the SH-SY5Y fractions compared to A431. Unlike our previous study
there were no increase of SM, and it was lower than in A431 PM
fractions. The change in PM isolation methodology could have
caused this, but the lower SM abundance is also observed for whole
cell extracts.

Although not significant at p ¼ 0.085, we comment that the
abundance of PE in the SH-SY5Y PM fractions was lower compared
to A431, our previous study, and the PM of other mammalian cells
[19,26,27]. The abundance is also lower than in the human brain
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and that of synaptic and synaptosomal PMs [22]. Notably, it is more
similar to the PE abundance of a neuroblastoma cell line of mouse
origin [28], tentatively suggesting that neuroblastoma cell lines
share this feature. The abundance of PE is however much lower
than for tumours [30], and is most likely related to the unavail-
ability of ethanolamine in the cell medium. The PE abundance is
also much lower thanwhite matter (34.1%) and greymatter (42.2%).
This difference is also observed when compared to the PE (35.6%)
abundance of the whole human brain [22].

The high abundance of PC and the simultaneous low PE abun-
dance seems to be a robust and specific trait of the PM of SH-SY5Y
cells. To maintain this state, it is likely that there is an upregulation
of PC synthetic pathways, including the de novo Kennedy pathway,
the Land's cycle or the trimethylation of PE. The dysregulation of
choline metabolism is one of the hallmarks that are observed in
most cancers [31]. Furthermore, it is reported that SH-SY5Y cells
ability to take up choline is enhanced and is mainly carried out by
choline transporter-like protein 1 [32,33]. Neuroblastomas have
been reported to have high concentrations of phosphocholine,
indicating a possible upregulation of choline kinase (CK) [34].
Notably, the activity of CKa in SH-SY5Y cells was shown to decrease
in PD-mimicking disease models [35].

From the PC and PE abundance we saw that the PC/PE ratio was
unusually high in the PM, with 5:1, compared to the 2:1 ratio that
are reported in the literature [19,26,27]. The same ratio was also
observed for the whole cell fractions indicating that the ratio is
consistent between whole cell and PM. Changes in this ratio have
been reported to affect the integrity of cell membranes leading to
cell damage, energy metabolism of organelles, growth and cell
survival [36,37]. Related to this, cell activities such as membrane
fusion, fission and budding could be affected since PE modulates
membrane curvature [38,39]. Possibly in line with this, abnormal
PC/PE ratios have been observed in non-alcoholic steatohepatitis
and malignant neoplastic cells with metastases [40,41].

In analysing the composition of FA, we were especially inter-
ested by the relative abundance of arachidonic acid (AA) and do-
cosahexaenoic acid (DHA), which are both enriched in the human
brain [22]. From the LC-MS/MS data, a low relative abundance of
DHAwas detected in PE in the SH-SY5Y PM fractions. This valuewas
also low compared to our last study (z3% vs z 16%) [11]. This is
also lower thanwhat has been reported in parts of the human brain,
which is enriched with DHA, and to PM fractions of neuronal origin
from rat brain [29,42,43]. The low DHA abundance is most likely
caused by the low availability of DHA and the necessary precursor
18:3 in the cell medium. Cell media have been shown to have an
impact on FA composition, and adding extra DHA has shown to
increase its content in SH-SY5Y cells [10,44,45]. No DHA was
detected as FA for the phospholipids in the SH-SY5Y whole cell and
A431 PM fractions, and only low abundances was detected for PE
and PI in the A431 whole cell fractions.

Unlike DHA, AA was detected as one of the main FAs for PE, PC
and PI from the SH-SY5Y PM fractions. The relative abundance of
AA, as a FA of PE and PC, was similar to our previous study and to
that of greymatter andwhitematter as previously reported [42,46].
Compared to synaptosomal and synaptic PMs from rat brainwe saw
that the AA composition of PC and PE match closely [29,43]. That
AAwas detected for PC in SH-SY5Y cell is interesting since AA is not
the most abundant FA associated with PC in the brain. AA was also
detected as one of the FAs for PE in the A431 PM fractions, but in
lower relative abundance than in SH-SY5Y PM fractions. A notable
observation was the high abundance of AA, as a part of PI. This is
interesting since AA has been reported as one of the main FAs of PI
in the brain [22]. Compared to grey matter and synaptosomal PM,
the amount of AA is low. However, the abundance of AA as a
component of PI is very similar to that of white matter [42,43]. It is
28
also higher than in the A431 PM. fractions and seems to be another
specific trait of the SH-SY5Y PM, along with the AA composition for
PE.

The total and relative amounts of PUFA and MUFA present in
neural tissue is relevant for misfolding diseases [47e49]. The higher
abundance of PUFA in the SH-SY5Y cells compared to A431 cells in
our study suggest that SH-SY5Y cell membranes tend towards more
fluid and looser lipid packing. However, A431 cells has a higher
abundance of MUFAs, possibly providing overall fluidity in a similar
manner. The high abundance of PUFA is surprising since it is re-
ported that cultured cells usually have an unnatural high abun-
dance of MUFA [45].

From these results, we see that the lipid profile of the neoplastic
cell line SH-SY5Y differs to that of neuronal cells and the brain, the
abundance of PC and PE being the most notable differences as well
as the low abundance of DHA as a FA moiety of PE. However, the
SH-SY5Y cell line matches reported values for AA distribution of
relevant neural tissue quite well. Moreover, the high total PUFA
amounts for this cell line is similar. Although factors such as origin,
passage number, medium quality, and degree of cell line prolifer-
ation are factors that influence lipidomic results, our comparison to
A431 cells allows us to conclude that the SH-SY5Y features reported
here are characteristic of this cell line. Despite some non-
neurological lipid characteristics, it can serve as a model system
for lipid-related research, provided that results associated with PC
and DHA are not given undue weight.
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