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A B S T R A C T

Lipodisq™ nanoparticles have been used to extract surface lipids from the cuticle of two strains (wild type, N2
and the bacteria-resistant strain, agmo-1) of the C. elegans nematode without loss of viability. The extracted lipids
were characterized by thin layer chromatography and MALDI-TOF-MS. The lipid profiles differed between the
two strains. The extracted lipids from the bacteria-resistant strain, agmo-1, contained ether-linked (O-alkyl
chain) lipids, in contrast to the wild-type strain which contained exclusively ester- linked (O-acyl) lipids. This
observation is consistent with the loss of a functional alkylglycerol monooxygenase (AGMO) in the bacterial
resistant strain agmo-1. The presence and abundance of other lipid species also differs between the wild-type N2
and agmo-1 nematodes, suggesting that the agmo-1 mutant strain attempts to compensate for the increase in
ether-linked lipids by modulating other lipid-synthesis pathways. Together these differences not only affect the
fragility of the cuticle and the buoyancy of the worm in aqueous buffer, but also interactions with surface-
adhering bacteria. The much greater chemical stability of O-alkyl, non-hydrolysable linked lipids compared with
hydrolysable O-acyl linked lipids, may be the origin of the resistance of the agmo-1 strain to bacterial infection,
providing a more resilient cuticle for the nematode. Additionally, we show that lipid extraction with a polymer
of styrene and maleic acid (SMA) provides a viable route to lipidomics studies with minimal perturbation of the
organism.

1. Introduction

C. elegans has been a successful model organism for the study of
both animal development and behaviour for more than 50 years
(Sulston and Hodgkin, 1988; Brenner, 1974). The genome was the first
from a multicellular organism to be sequenced (Bloom, 1998) and their
simplicity makes them a perfect system for studies of gene expression,
ageing, development and the nervous system (Riddle et al., 1997). The
C. elegans “exoskeleton” (Page, 2007), the cuticle, which forms a barrier
between the external environment and the worm epidermis, is poorly
characterized. The cuticle has an important role in C. elegans biology, as
it maintains body shape while permitting locomotion and nutrition, and
also offers protection against bacterial and fungal parasites (Blaxter,
1993).

Previously, we described the isolation of two new Leucobacter bac-
terial pathogens of Caenorhabditis, discovered co-infecting a wild isolate
collected in Cape Verde (Hodgkin et al., 2013). The interactions of these
bacteria with C. elegans revealed unusual mechanisms of pathogenic
attack: one pathogen, Verde1, traps swimming nematodes by sticking
their tails together, resulting in the formation of “worm-star” ag-
gregates, in which worms were killed and degraded; the other pa-
thogen, Verde2, kills worms by a different mechanism associated with
rectal infection. Both infections require the attachment of bacteria to
the cuticle for their pathogenic effects (Hodgkin et al., 2013).

Genetic screens identified many distinct mutant worms that were
resistant to lethal Leucobacter Verde2 infection. The mutations alter the
chemical properties of the worm surface, preventing Verde2 attachment
and also affecting movement, sensitivity to bleach and the binding of
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lectins. The Verde2-resistant mutants are however hypersensitive to
Leucobacter Verde1 infection. Further genetic suppressor screens to re-
verse the lethal sensitivity of these mutants to Verde1 suggested a
common mechanism involved in suppression of Verde1 infection,
identified as the loss of the pathway required for the degradation of
ether lipids. Many independent suppressor mutations were found in the
gene encoding alkylglycerol monooxygenase (AGMO), a metabolic en-
zyme solely responsible for the degradation of ether-linked lipids
(Watschinger and Werner, 2013; Loer et al., 2015), or in enzymes re-
quired for the synthesis of its essential cofactor tetrahydrobiopterin
(Watschinger and Werner, 2013; Watschinger et al., 2015). This
striking reciprocal sensitivity and resistance to Verde1 and Verde2 may
reflect the fact that these pathogens were isolated as a co-infection of
wild-type Caenorhabditis, suggesting that the worms may have devel-
oped a trade-off relationship between sensitivity and resistance to the
two pathogens (Hodgkin et al., 2013).

The finding that loss of the ether lipid degradation pathway confers
resilience to Verde1 infection, suggests that changes in the lipid content
of the C. elegans cuticle are responsible for altering the susceptibility to
the Verde1 and Verde2 infection mechanisms (Hodgkin et al., 2013).
Here we complement the genetic analysis of C. elegans surface with a
biochemical analysis of the cuticle lipidome, both in mutants that

demonstrate resistance to Verde1 infection and in wild-type worms.
The C. elegans cuticle is secreted by the underlying epithelial cells

and is regenerated entirely following moulting at four larval growth
stages (L1-4). It is thought that the thickness of the cuticle, as well as its
protein and lipid composition, change at every larval stage and may
vary in response to the environment (Riddle et al., 1997; Page, 2007).
The cuticle consists of several layers, the outermost being the surface
coat, which is covered by glycoproteins and has a net negative charge at
neutral pH, due to the presence of sugar-sulphate moieties (Blaxter,
1993). This outermost layer is likely to play an important role in lo-
comotion and may prevent the adhesion of microbes to the nematode
surface (Page, 2007). C. elegans srf mutants, with an altered carbohy-
drate epitope expression profile on the coat, have a weakened cuticle
and modified bacterial adherence (Page, 2007). Other additional bus
(Bacterially UnSwollen) mutants show similar phenotypes, including
modified surface lectin binding (Gravato-Nobre et al., 2005).

Below the hydrophilic surface coat, the epicuticle contains both
glycoproteins and lipids, including non-polar species such as steroids
(particularly cholesterol), polar lipids such as PC and PE and some
glycolipids, which appear to have important roles in the immune re-
sponse (Blaxter, 1993; Chisholm and Xu, 2012). With the exception of
the epicuticle and the surface coat, the cuticle is predominantly made of
collagen and its derivatives (cross-linked and collagen-like molecules)
(Johnstone, 1994). The epicuticle of the parasitic nematode Trichinella
spiralis, is mainly composed of PC, PE and PG and has lipids arranged in
an inside-out cylindrical configuration, in which the hydrophilic
headgroups point inwards, exposing the hydrophobic tails to the rest of
the cuticle (Gounaris et al., 1996).

Lipid mobility in the cuticles of several nematode species is re-
stricted compared to a typical plasma membrane (Riddle et al., 1997;
Kusel et al., 1991). The presence of lipids in the epicuticle of other

Fig. 1. C. elegans wild-type (N2) and mutant
(agmo-1) worms, imaged here both before
(left) and after (right) addition of SMA
polymer. The worms were grown on nematode
growth plates and generations were synchro-
nised the L2/L3 larval stages to provide
homogenous populations (Brenner, 1974). C.
elegans nematodes were imaged using a Leica
MZFLIII microscope and Hamamatsu digital
camera (Orca-05 G), equipped with HCImage
software (Hamamatsu). The viability and in-
tegrity of the worms were not affected as
shown here.

Fig. 2. Dynamic light scattering experiment showing the different particle sizes
obtained following SMA addition to each of the two C. elegans strains. Radii
were measured using a Malvern Zetasiser Nano S instrument. Data were pro-
cessed using Malvern Zetasizer software.

Table 1
DLS data for the SMA nanoparticles from the wild-type (N2) and the mutant
strain (agmo-1).

Peak (radius) N2 agmo-1

SMA polymer 1.5 ± 0.1 nm –
Lipodisq nanoparticles 3.3 ± 0.4 nm 6.4 ± 0.4 nm
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nematodes has been assessed by fluorescent probes and lipase treatment
(Riddle et al., 1997; Page, 2007; Witting and Schmitt-Kopplin, 2016;
Lee, 2002) and the flexibility and resistance to chemical and physical
stresses have been attributed to the presence of some waxes and/or
glycolipids (ascarosides (Lee, 2002)). Conversely, proteins in the epi-
cuticle have been shown to diffuse quickly, which is attributed both to
weak ionic interactions with lipids and also due to their distribution in
membrane domains containing neutral lipids, in which they can diffuse
freely (Riddle et al., 1997; Kusel et al., 1991).

We set out to identify the components of the nematode surface in

order to understand how defects in lipid metabolism change the surface
of C. elegans and thereby alter patterns of bacterial adherence. We fo-
cused on differences between wild-type N2 worms and the most fre-
quently identified Verde1 suppressor mutant, agmo-1, which lacks al-
kylglycerol monooxygenase (AGMO) (Watschinger and Werner, 2013;
Loer et al., 2015). By disrupting the metabolic pathways responsible for
lipid synthesis (Loer et al., 2015), loss of the enzyme might alter the
sensitivity towards bacterial pathogens through a destabilization of the
cuticle. While the total lipidome of C. elegans has been partially ana-
lysed using imaging, genetic and biochemical techniques (Witting and
Schmitt-Kopplin, 2016; Matyash et al., 2008; Zhang and Hou, 2013; Shi
et al., 2016), the characterization the of C. elegans surface has been
limited (Blaxter, 1993), owing to the difficulty of selectively extracting
lipids from the cuticle, without contamination from other cellular
membranes in the worm.

SMA (a hydrolysed co-polymer of styrene and maleic anhydride) has
recently been shown to be able to simultaneously extract both lipids
and proteins from biological membranes. The polymer extracts lipids
non-selectively, preserving protein structure and activity (Scheidelaar
et al., 2015; Esmaili and Overduin, 2018; Dominguez Pardo et al., 2017;
Xue et al., 2018). The resulting nanoparticles (commonly termed Li-
podisq or SMALPs) have also been used for structural characterization
by cryo-EM (Parmar et al., 2018; Sun et al., 2018; Qiu et al., 2018) and
X-ray crystallography (Broecker et al., 2017). Several membrane pro-
teins including ion channels (Dörr et al., 2014) and GPCRs (Jamshad
et al., 2015; Logez et al., 2016) have been studied and characterized
from different organisms (Gulati et al., 2014; Postis et al., 2015;
Swainsbury et al., 2018; Long et al., 2013) and some proteomics and
lipidomics experiments have been performed using SMALPs by hy-
drogen-deuterium exchange mass spectrometry and LCeMS/MS
(Reading, 2018; Reading et al., 2017; Teo et al., 2019). The interactions
between lipids and two further novel amphipathic polymers (a copo-
lymer of Diisobutylene/Maleic Acid (commonly known as DIBMA) and
poly(methacrylate) (commonly known as PMA)), both of which lack the
styrene groups present in SMA, have recently been characterised and
their behaviour suggests that they may also be suitable for lipid ex-
traction for similar lipidomics studies (Oluwole et al., 2017; Yasuhara
et al., 2017).

Here, SMA polymer is used to extract the lipids present in the ne-
matode cuticle of C. elegans wild-type (N2) and agmo-1 strains. We
characterise the surface lipids from the wild-type and mutant strains of
C. elegans using MALDI-TOF-MS. Our aim is to identify and understand
the molecular differences in cuticle composition and structure, which
underpin the different phenotypes of the wild-type and surface-mutant
nematodes.

Table 2
Thin layer chromatography (TLC) was performed using silica gel plates and a
mobile phase of methanol:chloroform:ammonium hydroxide (65:25:4 v/v/v).
The different lipids present (with their retention factors in brackets) were
identified by comparison to literature values. ND denotes unidentified lipids.

N2 agmo-1 N2 from Blaxter, 1993

PE (0.79) PMME (0.71) PI (0.09)
LPG (0.54) CL (0.67) ND (0.24)
SM (0.28) PG (0.6) PC (0.38)
LPS (0.18) – PE (0.5)

CE (1) ND (0.61)
Cb (0.94) Sterol (0.9)
LPC (0.22) ND (1)

Full name Abbreviation

Glycerophosphocholines PC (LPC for lyso
species)

Glycerophosphoethanolamines PE (LPE for lyso
species)

Glycerophosphoserines PS (LPS for lyso
species)

Glycerophosphoglycerols PG (LPG for lyso
species)

Glycerophosphates PA (LPA for lyso
species)

Glycerophosphoinositols PI (LPI for lyso
species)

Glycerophosphoglycerophosphoglycerols (Cardiolipins) CL
Monoradylglycerolipids MG
Diradylglycerolipids DG
Triradylglycerolipids TG
Digalactosyldiacylgylcerols DGDG
Sulfoquinovosyldiacylglycerols SQDG
Ceramides/Sphingoid bases Cer/Sph
Hexosyl ceramides HexCer
Mannosyl-PI-ceramides MIPC
Mannosyl-di-PI-ceramides M(IP)2C
Lactosyl ceramides LacCer
Sulfatides SHexCer
Wax esters WE
Cholesteryl esters CE
Fatty acids FA
Lyso-phosphatidylinositol-monophosphate LPIP

Fig. 3. MALDI-MS spectra at different m/z ranges exhibiting different peaks. In red the agmo-1mutant and in dark the wild-type. Some differences are observed
especially in the 600–1200m/z region. Lipid extracts were spotted onto an MTP 384 Polished Steel TF target and MALDI-MS spectra were acquired using a Bruker
Ultraflex TOF/TOF spectrometer operating in linear positive ion mode.
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2. Material and methods

2.1. C. elegans culture

The N2 (wild-type) and agmo-1 (strain CB7014, genotype agmo-
1(e3016)) nematodes were grown on nematode growth media plates
(Brenner, 1974). The generations were synchronized in order to obtain
a homogeneous population prior to SMA polymer addition.

2.2. Formation of Lipodisq nanoparticles

SMA polymer containing a molar ratio of styrene:maleic acid of 3:1
was supplied by Malvern Cosmeceutics Ltd (Malvern, UK).
Synchronised populations of worms were harvested by washing the
media plates with 10mM Tris 5mM NaCl pH 8 followed by three
rounds of centrifugation (2500g, 2 min, 4 °C). An SMA solution (25% w/
v in 50mM Tris buffer pH 8) was added to the washed worms at a final
concentration of 12.5% v/v in 50mM Tris buffer pH 8 and incubated
for 30min at 30–40 °C. The sample was centrifuged, and the super-
natant was kept for further analysis.

2.3. Dynamic light scattering measurements

The size of the Lipodisq nanoparticles, generated by lipid extraction
by SMA, was measured by Dynamic Light Scattering at 633 nm using a
Malvern Zetasizer Nano S instrument with a disposable cuvette. Data
were processed using Malvern Zetasizer software.

2.4. Viability test of worms after SMA treatment

Worms were deposited onto a freshly seeded OP50 NGM plate and
left at room temperature. The recovery was assessed from the percen-
tage of worms that crawled across the OP50 making visible tracks.
Plates were observed under a dissecting microscope after 1, 2, 4 and
24 h, and were compared to those with nematodes that had not been
exposed to SMA.

2.5. Lipids extraction from Lipodisq nanoparticles

Lipids were extracted from the Lipodisq samples according to the
method of Bligh and Dyer (1959). Briefly, 200 μL Lipodisq-containing
sample was mixed vigorously for 1 h, with 2mL chloroform/methanol
(2:1 v/v). Phase separation was achieved by adding 1mL of ddH2O
water. The extract was left for 10min at room temperature and then
centrifuged (1,000g, 10min) and the lower phase was retrieved washed
twice with a methanol/water mix (1:1 v/v) and dried under a stream of
N2 gas.

2.6. Matrix-assisted laser desorption ionization mass spectrometry

Water and DHB matrix were spotted onto a MALDI plate (MTP 384
Polished Steel TF Targets) and allowed to dry at room temperature.
Lipids were resuspended in chloroform/methanol mixture (2:1 v/v),
deposited above the dried matrix and allowed to dry at room tem-
perature. MALDI TOF mass spectra were acquired using a Bruker
Ultraflex TOF/TOF operating in linear positive ion mode. MALDI laser
intensity was selected to provide optimal intensity and resolution of
acquired mass spectra. External calibration was performed using pro-
tein standards and some lipids standards, which were analysed under
identical conditions. The identification of lipid was performed using
LIPID MAPS online searching tools (Sud et al., 2007) and data analysis
was performed using the Thermo XCalibur (ThermoFisher) processing
software and plotted in Prism (GraphPad software).Ta
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3. Results

To determine the cuticle lipid composition of both wild-type (N2)
and mutant (agmo-1) C. elegans, nematodes were incubated with SMA
polymer. Both the time of incubation and temperature were adjusted to
ensure that both wild-type and mutant worms recovered after the SMA
treatment as shown in Fig. 1. The best conditions for the SMA extraction
of the nematode surface were found to be a temperature of between
30 °C and 40 °C and an incubation time of 30–60minutes.

After incubation, the SMA-worm suspension was centrifuged, the
supernatant was collected and DLS measurements were performed to
verify Lipodisq nanoparticle formation (Fig. 2; Table 1). DLS data show
that Lipodisqs were present in the supernatant (peak at 4–6 nm), al-
though some excess SMA was still present in the N2 strain sample
(identified by the peak at 1.3 nm). The agmo-1 mutant strain did not
contain any excess SMA, despite the fact that the same number of
worms was used to perform this experiment as for the wild type. A
viability test showed that more than 95% of the worms survived the
SMA incubation (data not shown).

After the DLS analysis, the lipid composition of the Lipodisq nano-
particles from both nematode strains were investigated. Lipids were
extracted by following the method of Bligh and Dyer (1959) and were
analysed by thin layer chromatography (TLC) (Fig. SI.1), as described
previously (Dörr et al., 2014; Reading, 2018). Lipid headgroups were
identified by their retention factor (Rf) values (Table 2). Ceramides,
commonly found in the skin of mammals (Pappas, 2009) in which they
appear to play a role in the organisation of other lipids (Bouwstra et al.,
1998), are found in both wild-type and mutant worms, and their ap-
pearance is consistent with the slow lipid diffusion rates previously
reported in the cuticle (Riddle et al., 1997; Kusel et al., 1991; Hou and
Taubert, 2012). Also present in both strains were cerebrosides (Cb) and
lyso-phosphatidylcholine (LPC). For the N2 strain, lipids such as
phosphoethanolamine (PE), lyso-phosphatydilglycerol (LPG), sphingo-
sine/sphingomyelin (SM) and lyso-phosphatydilserine (LPS) were
found, whereas in the mutant agmo-1, phosphatidyl-N-mono-
methylethanolamine (PMME), cardiolipin (CL) and PG were found.
Also, some lipid species are not able to migrate in the chosen solvent
mixture, and this might indicate the presence of highly charged species
as speculated by Blaxter and colleagues (Blaxter, 1993).

TLC is not able to distinguish between ester- and ether-linked lipids
with the same headgroup and MALDI-TOF MS was therefore used to
assist in the identification of some of the lipids present. As some of these
lipids have a mass below 1 kDa, the instrument was calibrated using
low molecular weight protein standards in addition to lipids such as
DMPC, POPC, DOPC and POPG. Moreover, as the 500 Da–1000 Da mass
range is difficult to study due to the noise peaks produced by the ma-
trix, a control experiment including the recording of mass spectra of
matrix-only spots was performed (data not shown) and the peaks of this
matrix-only experiment were subtracted from the Lipodisq sample ex-
periments. Another control was performed which includes the removal
of the peaks coming the OP50 bacterial source lipids extracted using
SMA. Matrix-only peaks were subtracted from the mass spectra of N2
and agmo-1. The mass spectra for the N2 and agmo-1 after removal of
both the matrix and OP50 lipids peaks are shown in Fig. 3.

Lipid peaks were determined with an intensity above 500 (signal-to-
noise ratio> 20) and peaks were assigned (Table 3). Identification of
lipids was performed using the LipidMAPS database (Sud et al., 2007)
with a mass tolerance of± 0.1 m/z. All peaks were considered as
possible ion adducts with potassium, sodium, with a possible loss of
water and as singly and doubly charged, (MALDI primarily generates
sodium and potassium adducts of singly or doubly charged species
(Abonnenc et al., 2010)). As expected, no ether lipids (coloured red in
Table 3), were identified in the N2 wild-type strain, however up to two
ether lipid species were identified in the agmo-1 mutant.

Some lipid species (rendered in green in Table 3) are observed in
both the N2 and agmo-1 samples, including PA, PI,

sulfoquinovosyldiacylglycerol (SQDG) and lyso-phosphatidylinositol-
monophosphate (LPIP). In addition to these lipids, the N2 strain has
some additional lipid types which include PS and MIPC.

4. Discussion

The SMA lipid extraction method used here, appears to be milder
than protocols involving detergent or organic extractions (Blaxter,
1993), and the fact that 95% of the nematodes are viable after treat-
ment with SMA, suggests that the integrity of the cell membranes in the
C. elegans body is not severely compromised, and that the polymer
primarily extracts lipids from the cuticle.

The DLS data suggest that the lipid extraction from the worms by
SMA, results in the formation of Lipodisq nanoparticles, with diameters
measured in the range 6–13 nm (Table 1), similar to those previously
reported (Dörr et al., 2016; Esmaili and Overduin, 2018; Lee et al.,
2016; Orwick et al., 2012; Orwick-Rydmark et al., 2012). The sizes of
the particles formed, differs between the N2 and agmo-1 strains, con-
sistent with a difference in lipid content and also might indicate dif-
ferences in protein content. Additionally, the N2 cuticle is more re-
sistant to SMA treatment, in agreement with earlier studies which
indicate that the agmo-1 cuticle is more fragile (Loer et al., 2015). The
accumulation of ether lipids may compromise the stability of the agmo-
1 cuticle, despite its ability to prevent Leucobacter Verde1 attachment to
the C. elegans surface.

Identification of lipid headgroups was carried by TLC and some
retention factors measured in previous publications (Blaxter, 1993) are
similar to our data and can be identified (TLC solvent systems, 2019).
Therefore, the Rf= 0.24 could be LPC-type lipids and the Rf= 0.61,
could be PG-type lipids. Some of the lipids found in the Lipodisq ex-
traction were also identified by Blaxter and colleagues, such as PE and
ceramides, however we were unable to identify PC or PI from in our
data (Table 2). The presence of SQDG and ceramide-type lipids (Fig. 3
and Table 3) is consistent with literature, especially for the sulfonated
lipids, which are responsible for the negative charge on the cuticle. All
of the lipids identified by the TLC analysis are lipid species expected
from previous genetic studies of C. elegans (Witting and Schmitt-
Kopplin, 2016).

Since the agmo-1 mutant lacks alkylglycerol monooxygenase
(AGMO), which cleaves the ether bond of alkylglycerols, we expect to
observe some differences in the abundance of ether-linked lipids in the
mutant. Compared to the wild-type strain, more lipids were observed
and identified for the agmo-1 mutant, as seen by the TLC (Fig. SI. 1).
The lipids highlighted (in red in Table 3) are ether-linked lipid species,
which have been speculated to accumulate at the cuticle surface due to
the lack of the AGMO enzyme. Previous studies suggest that sulfatides,
PE and PI have the lowest detectability threshold (Fuchs et al., 2010)
and their identification in this experiment, may mean that the sample
contains a high amount of these lipids (which is not surprising as PI and
sulfatides lipids have been suggested to regulate the cuticle surface
charge (Blaxter, 1993)).

The accumulation of some ether-linked lipids at the cuticle surface
of the mutant, may prevent bacterial adherence by masking binding
targets on the worm surface. The agmo-1 nematodes float on aqueous
buffer (unlike wild-type worms) consistent with an increased abun-
dance of ether-linked lipids and waxes, both of which have been re-
ported to affect buoyancy (Magnusson and Haraldsson, 2011). The
wild-type cuticle also contains greater relative abundance of negatively
charged lipid headgroups, which are diluted by the ether-linked lipids
and ceramides in the agmo-1 mutant, which may also explain the dif-
ferences in the apparent ease of solubilisation of the cuticle lipids by the
negatively charged SMA polymer.

Surprisingly we also observe some ester-linked lipid species in the
agmo-1 mutant which are not found in the N2 strain. We propose that a
compensation mechanism is effected, which results in the upregulation
of other lipid synthesis pathways and the more heterogeneous lipid
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composition of the mutant cuticle. A similar phenomenon has been
observed in murine macrophage-like cells, in which a decrease in
AGMO activity (and increase in free alkylglycerol lipid types) resulted
in widespread alterations in the cell lipidome, including changes in the
abundance of glycosylated ceramides and cardiolipin10. In our case, we
found several glucosyl-ceramides in the agmo-1 mutant, which have
been suggested to be located in the nematode cuticle (Kage-Nakadai
et al., 2010), some tri- and diacylglycerols and only one cardiolipin
(Watschinger et al., 2015). We suggest that the protein composition also
differs as a result of changes in lipid-protein interactions.

Ether lipid-deficient strains in C. elegans accumulate high levels of
stearic acid (18:0) in several types of ester-linked lipid, presumably to
compensate for the reduced rigidity that would be conferred by the
ether lipids (Watts and Ristow, 2017). It is striking that longer chain
length lipids with high molecular weights are observed in the agmo-1
mutant but not the N2 strain. The wild-type cuticle has a less diverse
lipidome, and the lipids present generally have shorter acyl chain
lengths than the mutant.

5. Conclusion

We have demonstrated that lipid extraction by SMA may be used to
study the lipidome of the C. elegans cuticle. We have shown that SMA
can be used on living organisms without affecting their viability,
compared to harsher lipid extraction methods such as those requiring
organic solvents (Fig. 1). We have identified an accumulation of ether-
linked lipids in the agmo-1mutant nematode cuticle, which is consistent
with the deletion of a functional alkylglycerol monooxygenase (AGMO)
in this strain (Loer et al., 2015). The presence and abundance of other
lipid species also differ between the wild-type N2 and agmo-1 worms,
suggesting that the mutant strain attempts to compensate for the in-
crease in ether-linked lipids by modulating other lipid-synthesis path-
ways. Together these differences not only affect the fragility of the
cuticle (Loer et al., 2015) and the buoyancy of the worm in aqueous
buffer, but also the interactions between the exoskeleton and surface-
adhering bacteria (Loer et al., 2015).
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