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Highlights for the Ms:

Integration of LC/MS-based molecular networking and classical phytochemical
approach allows in-depth annotation of the metabolome of non-model organisms - The
case study of the brown seaweed Taonia atomaria

by Carriot et al.

An annotation method using MS/MS molecular networking was developed.

A workflow coupling molecular networking and phytochemistry was described.

The MS/MS fragmentation pattern of new families of algal lipids was deciphered.

212 metabolites were annotated from the metabolome of the brown alga T. atomaria.
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Abstract

Untargeted LC-MS based metabolomics is a useful approach in many research areas such as
medicine, systems biology, environmental sciences or even ecology. In such an approach,
annotation of metabolomes of non-model organisms remains a significant challenge. In this
study, an analytical workflow combining a classical phytochemical approach, using the
isolation and the full characterization of the chemical structure of natural products, together
with the use of MS/MS-based molecular networking with various levels of restrictiveness was
developed. This protocol was applied to the marine brown seaweed Taonia atomaria, a
cosmopolitan algal species, and allowed to annotate more than 200 metabolites. First, the algal
organic crude extracts were fractionated by flash-chromatography and the chemical structure
of eight of the main chemical constituents of this alga were fully characterized by means of
spectroscopic methods (1D and 2D NMR, HRMS). These compounds were further used as
chemical standards. In a second step, the main fractions of the algal extracts were analyzed by
UHPLC-MS/MS and the resulting data were uploaded to the Global Natural Products Social
Molecular Networking platform (GNPS) to create several molecular networks (MNs). A first
MN (MN-1) was built with restrictive parameters and allowed the creation of clusters composed
by nodes with highly similar MS/MS spectra. Then, using database hits and chemical standards
as “seed” nodes and/or similarity between MS/MS fragmentation pattern, the main clusters
were easily annotated as common glycerolipids and phospholipids, much rare lipids -such as
acylglycerylhydroxymethyl-N,N,N-trimethyl-R-alanines or fulvellic acid derivatives- but also
new glycerolipids bearing a terpene moiety. Lastly, the use of less and less constrained MNs

allowed to further increase the number of annotated metabolites.

Keywords: Molecular networking; Metabolomics; Lipidomics; UHPLC-MS/MS;

Macroalga; Taonia atomaria.
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1. Introduction

Marine chemical ecology is a field of research that aims to address the role of chemicals in
marine ecosystems. Indeed, molecules expressed by marine organisms have preponderant
ecological functions, e.g. foraging, defense or reproduction [1]. There is a growing interest in
this field of study because it benefits from many recent technical advances including those of
environmental metabolomics [2].

Metabolomics is the latest in the so-called "omics™ sciences that brings together genomics,
transcriptomics and proteomics [3]. Ultimately, in such a research area the aim is to decipher
the metabolome, which represents the whole set of low-molecular-weight organic compounds
present in an organism or more generally in a biological sample, and to evaluate and interpret
its variations [4]. The metabolome is constituted by all quantifiable metabolites and appears to
be highly complementary with other “omics” sciences for a global systems biology approach
[5-7].

Untargeted LC-MS-based metabolomic studies are currently the most common ones but
metabolite identification is generally the limiting factor when interpreting the resulting data [8].
Indeed, the diversity of the metabolism is vast in nature and metabolites implied in the
discrimination between sample groups often remain unidentified [9]. With an estimation of less
than 2% of mass spectra which can be annotated from untargeted studies, the characterization
of the chemical structures is the most challenging step of the metabolomic workflow [10].
Knowing that each LC-MS analysis generates a large number of spectra [11,12], spectral
identification of each compound, one by one, using classical dereplication tools with reference
databases (DBs) such as NCBI, Metlin, NIST or MassBank, is a too time-consuming approach.
For the past few years, MS/MS molecular networking (MN) has been proposed as a new
emerging tool to optimize this dereplication process [13]. Based on the idea that MS/MS

fragmentation patterns are similar for molecules sharing close chemical structures, the Global



Natural Products Social Molecular Networking (GNPS) Web-platform (http://gnps.ucsd.edu)
allows to generate MNs where compounds are linked according to their molecular relatedness
[14-16]. The resulting MNs show then diverse clusters composed by several m/z features
(defined as “nodes™) characterized by their MS/MS data. The clusters generated in a MN could
then gather metabolites belonging to a same chemical family or sharing closely related chemical
structures.

In this study, the use in a first step of a restricted MN will allow to gather compounds having
very similar chemical structures in order to facilitate their annotation. Indeed, to unlock clusters
and to putatively identify all nodes of a cluster, two situations are expected: (i) if a compound
is identified, all nodes of a cluster could be annotated using mass differences from this "seed
node" [17-19], (ii) if all compounds remain unidentified, the annotation can be done by
determining the common structural characteristics of the nodes thanks to the comparison of
their MS/MS spectra. The enlargement of the MN is then considered in order to continue the
annotation of the metabolome by using less restrictive parameters for the connection between
nodes.

The selected model in this study was Taonia atomaria, a brown alga commonly reported along
the Mediterranean and North-Eastern Atlantic coasts. To date, several types of chemical
compounds,  mainly  sesquiterpenes  [20-24],  meroditerpenes  [25-29] and
geranylgeranylglycerol (GGG) [24], have been characterized from the genus Taonia by natural
products chemistry. Because of its morphology and distribution, this algal species represents a
model of choice for studies in chemical ecology, and more particularly for those dealing with
interactions between algae and their associated microbiota. For this reason and in order to carry
out metabolomic analyses, the metabolome of this alga needs to be better characterized.

In this context, the aim of the present study was to develop an optimal workflow dedicated to

the annotation of a largely unexplored metabolome of a non-model species, namely T. atomaria.



The proposed workflow was based on three successive steps: (i) a classical phytochemical
approach permitting to isolate chemical standards which can then be used as seed nodes,
initiating a “in-house” MS/MS DB ; (ii) a GNPS networking approach with high restrictiveness
allowing only the most structurally-related metabolites to cluster together and to enrich the DB,
and (iii) a GNPS networking approach with less restrictive parameters allowing to gather other
related metabolites in order to complete the DB.

The present approach is expected to significantly extend our knowledge on algal metabolomes
through the MS/MS fragmentation pattern of lipid families presumed to be new and at the same

time to propose new solutions for the annotation of the metabolome of little-studied species.

2.  Experimental

The metabolome of T. atomaria was investigated through an original workflow (Fig. 1)
including the analysis of its main chemical constituents by natural products chemistry and the
building of several less and less restricted MNs coupled to DB queries and MS/MS data

analysis.

2.1. Chemicals
Methanol (MeOH) and dichloromethane (CH2Cl>) used for the extraction of the algal material

were of analytical grade. MeOH, CH:Cl, and acetonitrile (ACN) used for Flash-
chromatography and semi-preparative HPLC experiments were of HPLC grade. ACN and
MeOH used for UHPLC-MS experiments were of LC-MS grade. All these solvents were
purchased from VWR (Fontenay-sous-Bois, France). Milli-Q water was generated by a
Millipore ultrapure water system (Waters-Millipore Corporation, Milford, MA, USA). Formic
acid of LC-MS grade (99%) used for UHPLC analysis and deuterated chloroform and methanol
(99,8%; CDCl3 and CD30D, respectively) used for NMR experiments were purchased from

Sigma-Aldrich (St Quentin-Fallavier, France).



2.2. Algal material

Thalli of the brown alga Taonia atomaria (Woodward) J. Agardh (family Dictyotaceae, class
Phaeophyceae, phylum Ochrophyta) were collected by hand (0.5m depth) on the south eastern
French Mediterranean coast (Tamaris; N 43°5°35.56, E 5°54°31.81) in February 2017. Algal
samples were placed in plastic bags filled with surrounding seawater and transported within an

hour to the laboratory in a cool box maintaining the seawater temperature.

2.3. Isolation of chemical standards from T. atomaria

2.3.1. Extraction of the algal material and fractionation of the crude extracts by Flash-
chromatography

The collected algal samples were air-dried for 48h in the dark at room temperature (22 + 3°C),
crushed and weighed. The dried algae (140g) were extracted using a mixture of MeOH/CH.Cl,
(1:1, v/v; 3 x500 mL). The extracts were combined, filtered (filter paper), concentrated in
vacuo, and weighted (25g; extraction yield: 17.9%, w/w).

A part of the resulting crude extracts (4.7 g) was submitted to fractionation by flash
chromatography (Spot Flash system; Armen Instruments, Saint Ave, France) on a reversed-
phase column (SuperVarioFlash D40-RP18 model, 40-63 um, 84g; Merck, Darmstadt,
Germany). For fractionation, the extracts were dissolved in 25 mL MeOH and mixed with 15g
of reversed-phase silica gel (Sepra C18e, 50 um; Phenomenex, Le Pecq, France), dried under
reduced pressure and loaded on a guard column on the top of the column. The fractionation was
monitored by UV detection at 205 nm. For the flow rate, a linear ramp was used from 2 to
32 mL/min during 2 min and then this final flow rate was maintained throughout the entire
experiment. The separation process was carried out using a ternary eluent system: H>O (solvent
A), MeOH (solvent B) and CH2Cl. (solvent C). After an initial isocratic step with 90% of A
and 10% of B from 0 to 3 min, a linear gradient up to 100% of B from 3 to 13 min, an isocratic

step with 100% of B from 13 to 18 min, and a linear gradient up to 100% of C from 18 to



29 min, an isocratic step with 100% of C was finally used from 29 to 40 min. This process led
to 39 fractions which were dried in vacuo, weighted and stored at -20°C (more details are given
in Supporting Information, Table S1).

2.3.2. Purification and structural characterization of chemical standards from T.

atomaria

For sixteen of the 39 fractions obtained by flash chromatography, selected according to
available quantities, an aliquot (5 to 10 mg) was solubilized in the appropriate deuterated
solvent (CDCI3 or CDsOD) and analyzed by *H NMR (400 MHz Avance NMR; Bruker
BioSpin, Wissembourg, France) at room temperature.

Six fractions were selected based on the available quantities (m > 150 mg) and the presence of
NMR signals due to algal compounds other than common fatty acid derivatives. These fractions
were then fractionated using a semi-preparative HPLC system (Prostar 210; Varian) equipped
with a refractive index detector (Varian Prostar Model 350 RI1) and a 50 «L injection loop.
Purifications were done by iterative injections using various isocratic eluent conditions
(mixtures of H2O/ACN) at a flow rate of 3 mL/min on a reversed-phase C18 semi-preparative
column (Purospher Star RP-18e, 5 um, 10x250 mm; Merck) maintained at room temperature.
This purification step yielded sub-fractions which were checked by *H NMR and allowed the
obtention of eight pure compounds.

The chemical structure of these pure compounds was determined through extensive 1D and 2D-
NMR analysis (*3C, DEPT experiments, *H-'H COSY, *H-'H NOESY, HSQC and HMBC) and
by comparison with data previously reported in the literature. The chemical shifts of the
different spectra were fixed with respect to the residual signals of the solvent used: o4 7.26 and
oc 77.16 for CDClIs and on 3.31 and oc 49.00 for CD3OD. All the purified compounds were
analyzed by UHPLC-ESI-QToF-MS/MS and these data [accurate mass, fragmentation pattern

and retention time (RT)] were implemented in our in-house DB.



2.4. Annotation of the metabolome of T. atomaria using molecular
networking (MN)

2.4.1. UHPLC-ESI-QToF-MS/MS analyses
For this analysis, the sixteen fractions selected in Part 2.3.2. were solubilized in MeOH

(5 mg/mL) and injected on a Dionex Ultimate 3000 Rapid Separation chromatographic system
(Thermo Fisher Scientific, Sunnyvale, CA, USA) coupled via an ESI interface to a QToF
Impact 11 mass spectrometer (Bruker Daltonics, Champs-sur-Marne, France). Chromatographic
separations were performed on an analytical core-shell reversed-phase column (150 x 2.1 mm,
1.7 um, Kinetex Phenyl-Hexyl; Phenomenex) with a flow rate fixed at 0.5 mL/min. The column
was maintained at 40°C, the injected sample volume was 5 pL and the autosampler temperature
was kept at 4°C. An elution gradient involving a binary programming of acidified H>O and
ACN (0.1% of formic acid, v/v), was applied. The elution gradient started with 5% ACN and
was kept for 2 min, then reached 100% ACN (linear ramp) in 8 min and was kept for 4 min;
then came back to 5% ACN over 0.01 min and was maintained 1.99 min, for a total run time of
16 min (See Supporting information Fig. S1 for the chromatograms of these sixteen fractions).
The MS acquisition was performed in positive ionization and full scan range (m/z 50 to 1200 at
a frequency of 2 Hz) modes. The following MS conditions were used: nebulizing gas (N>)
pressure: 0.4 bars, drying gas (N2) flow: 4 L/min, drying temperature: 180°C, capillary voltage:
4.5kV. The mass spectrometer was calibrated with a solution of formate/acetate forming
clusters at the beginning of the sequence run and the same solution was automatically injected
before each sample for internal mass calibration. MS/MS acquisition experiments were
conducted by collision induced dissociation (CID) on each sample. Three major precursor ions
were used and, after the acquisition of three MS/MS spectra per precursor ion, the

corresponding m/z value was excluded from the precursor ion selection for 1 min.



2.4.2. MS/MS molecular networking using GNPS
Raw UHPLC-MS/MS data were converted into “.mzXML” files using DataAnalysis software

(version 4.3; Bruker Daltonics). The files corresponding to the sixteen fractions previously
selected (See Part 2.3.2.) were grouped into six folders corresponding to six polarity ranges.
The Global Natural Products Social Molecular Networking online workflow (GNPS;

http://gnps.ucsd.edu) was used to create MNs of related compounds based on the similarity of

their MS/MS fragmentation patterns [14]. Three MNs (MN-1 to MN-3, from the most to the
least restrictied MN) were then generated using various values of “Minimum cosine score (CS)”
(a similarity score between two MS/MS spectra allowing the creation of a link between them),
“Minimum matched fragment ions (MF)”” (the minimum number of common fragment ions that
are shared by two MS/MS spectra in order to be connected by an edge in the MN) and “Network
TopK” (the maximum number of neighbor nodes for a single node) (Table 1). Data from GNPS
were imported into Cytoscape (version 3.7.0) using nodes to represent each spectrum (each m/z
feature) and edges to represent the similarity of MS/MS fragmentation between two connected
nodes [14]. A specific color was attributed to each node according to the chemical family of the
annotated metabolite or to the corresponding RT. Width of edges connecting each node was
proportional to the spectral similarity using CS as a default parameter.

2.4.3. Metabolite annotation in the MNs

The strategy was to focus on clusters with the highest number of nodes. In such clusters, each
node could be tentatively annotated by one or several of the following possibilities: (1) during
the computational process dedicated to the construction of MNs on the GNPS platform,
fragment similarity searches were performed in several public DBs (e.g. MassBank, HMDB,
MoNA, Metlin...) for each m/z feature and the results were directly available into the MNs
subsequently generated by Cytoscape, (2) MS data (accurate mass and fragmentation pattern)
of a specific metabolite can also be compared with those found in other DBs (PubChem,

ChemSpider...) using various tools [30], (3) MS data and RT of the detected m/z features were


http://gnps.ucsd.edu/

compared with those of pure compounds isolated from T. atomaria (See Part 2.3.2.), and (4) in
the case of absence of a hit in a DB, the MS data of all the nodes in a same cluster were carefully
analyzed to highlight specific common fragments or mass losses which could allow the
identification of a specific chemical family in relation to the data available in the literature or
through mass fragmentation pattern analysis.

In all these cases, once one m/z feature was annotated in a cluster, the main part of the
corresponding cluster could be annotated from this seed node according to similarity of MS/MS

spectra and to accurate masses differences between nodes.

3. Results and discussion

3.1. Isolation of chemical standards from T. atomaria: a “phytochemical

approach”

Previous studies related to compounds isolated from extracts of the brown alga T. atomaria
allowed the isolation and the structural characterization of GGG [20,21,24,31] and other
terpenes (mainly germacrane and cadinane sesquiterpenoids) [20-24,31,32].

In this study, after the fractionation by flash-chromatography of the crude extracts of T.
atomaria and the purification by semi-preparative HPLC of the main chemical components
from a selection of fractions, eight metabolites were characterized. Seven of these compounds
were already described from T. atomaria: cadina-4(14),5-diene, cubebol, 4-epi-cubebol, (+)-
gleenol, germacra-4(15),5,10(14)-trien-9-ol, (1S, 5E, 7S) 1-acetoxygermacra-4(15),5,10(14)-
triene and geranylgeranylglycerol [20,23,24] (Fig. S2). An additional compound was identified
as dictyol A, a diterpene previously reported from the Phaeophyceae Dictyota dichotoma [33]
but described here for the first time from T. atomaria (Fig. S3-S5). As Dictyota spp. are
morphologically and taxonomically close to T. atomaria and in order to avoid a possible
contamination of the crude extracts studied here, the presence of this compound was confirmed

by LC-MS/MS on specific crude extracts obtained within a single thallus of T. atomaria.



The MS data and RT of these eight compounds allowed to initiate the elaboration of an in-house

DB dedicated to this algal model.

3.2.  Annotation of the metabolome of T. atomaria using a restricted MN
(MN-1)

The building of a MN (named MN-1) with very restrictive parameters allowed to obtain a
simplified MN keeping only strong similarities between nodes. Three parameters have been
specifically optimized to have a more restricted MN: (i) the minimum CS which was fixed at
0.85 (default value: 0.7) for a higher similarity between the MS/MS spectra of two connected
nodes, (ii) the minimum matched fragment ions (MF) was set at 10 (default value: 6) and
(ii1) the Network TopK value was 7 (default value: 10). Many studies using MNs for annotation
of the metabolome of microorganisms use low values of CS and MF [34,35] in order to increase
the size of the clusters by inducing the clustering of less similar MS/MS spectra. This strategy
allows to obtain a lot of links between nodes and less unbound nodes.

Our proposed strategy for annotation is completely opposite, the creation at first of a
constrained network will give small clusters with highly correlated nodes which would allow
an easier and faster determination of their characteristic MS/MS fragmentation patterns. The
enlargement of the network, by using less restrictive parameters values, would connect some
unbound nodes in clusters already annotated and should allow their quick annotation.

The building of a highly restricted MN (MN-1) showed the occurrence of ten main clusters
named 1A to 1J which were carefully analyzed (Fig. 2).

3.2.1. Annotation of known lipid classes: Clusters 1A to 1E

During the building process of MN-1, the only m/z feature matching within a DB (MoNA)
belonged to cluster 1A and was identified as a triacylglycerol (TG). This node at m/z 794.7233
([Ca9HosNOg]*, calc. m/z 794.7232, A-0.1ppm; [M + NH4]*) was annotated as TG

(14:0/16:0/16:1) (See Supporting information for MS/MS data and fragmentation pattern, Fig.



S6) [36]. Just using mass differences from this seed node (Fig. 2), thirteen other TGs were
readily detected in the neighboring nodes and their annotation was confirmed after examination
of their MS/MS data. RT constitutes an essential parameter when analyzing lipids. In reversed
phase chromatography, retention increases with the number of carbon atoms and decreases with
the number of unsaturations, in a homologous series. In that respect, a RT-based representation
of MN-1 (See supporting information, Fig. S7) confirmed that these nodes belong to the same
lipid family. Interestingly, several nodes connected to TGs in the same cluster showed a lower
retention: a similar MS/MS fragmentation pattern and lower molecular masses were then used
to easily annotated these nodes as diacylglycerols (DGSs). It’s noteworthy that a TG which was
connected to other TGs or DGs always bore with these nodes two common acyl chains [e.g. TG
(14:0/16:0/16:1) and TG (15:0/16:0/16:1), TG (16:0/16:0/18:1) and DG (16:0/16:0) or TG
(16:0/18:1/18:2) and DG (16:0/18:1)]. In cluster 1A, a detailed analysis of the MS data of the
remaining non-annotated nodes allowed to gather them in two subgroups. Some of these nodes
showed a characteristic neutral loss of 261 Da which is typical of the loss of the polar
sulfoquinovosyl group from the ammoniated adduct of sulfoquinovosyldiacylglycerols
(SQDGS) [37]. Seven of these lipids were then identified in cluster 1A, including the node at
m/z 834.5396 ([CasHsoNO12S]", calc. m/z 834.5396, A 0.0 ppm; [M + NH.]") annotated as
SQDG (16:0/18:3) (See Supporting information for MS/MS data and fragmentation pattern,
Fig. S6). MS data of nodes of the second subgroup were characterized by a neutral loss of
m/z 197 which allowed to annotate them as monogalactosyldiacylglycerols (MGDGs) [37,38].
For example, the node at m/z 746.5770 ([C41HsoNO1o]", calc. m/z 746.5777, A 0.9 ppm;
[M + NH4]") was annotated as MGDG (14:0/18:1) (See Supporting information for MS/MS
data and fragmentation pattern, Fig. S6). Ultimately, all the nodes of cluster 1A were annotated.
The corresponding metabolites belonged to four lipid classes but the acyl chains of all these

glycerolipids were mainly C16:0, C16:1 and C18:1. It can be noticed that MGDG (16:0/18:2)



and MGDG (16:1/18:1) corresponded to a same single node on the network because of their
identical m/z value and their similar RT and MS fragmentation pattern.

Interestingly, seven nodes with characteristic RT of TGs were observed in cluster 1B (See
supporting information, Fig. S8) and the detailed analysis of their MS data confirmed their
annotation. As reported for cluster 1A, the same approach allowed to annotate the other nodes
as DGs and MGDGs. However, the MS data of the node at m/z 976.5977 ([Cs3sHssNO1s]", calc.
m/z 976.5992, A 1.6 ppm; [M + NH4]*) matched with none of the chemical families previously
defined in this MN. This m/z feature was then annotated as a digalactosyldiacylglycerol, DGDG
(18:4/20:5) (See Supporting information for MS/MS data and proposed fragmentation pattern,
Fig. S8) [37,38]. It could be pointed out that glycerolipids of cluster 1B were composed by
longer FAs (eg. C18:4, C20:4 and C20:5) than those found in metabolites of cluster 1A.

A third cluster (1C) consisted of nodes, which showed a characteristic MS/MS fragment ion at
m/z 236.1493 corresponding to the raw formula [C10H22NOs]". A comparison of these MS data
with those from the literature indicated that this fragment ion is typical of mono- and
diacylglycerylhydroxymethyl-N,N,N-trimethyl-3-alanines (MGTAs and DGTASs) [12]. This
class of betaine lipids has already been observed in T. atomaria [39,40] and such glycerolipids
can be differentiated from the wvery similar mono- and diacylglyceryl-N,N,N-
trimethylhomoserines (MGTSs and DGTSSs) via the absence of a characteristic mass loss of
m/z 87 [41]. Fifteen MGTAs were identified in cluster 1C using the MGTA (14:0) at
m/z 446.3481 ([C24H4sNOg]", calc. m/z 446.3476, A 2.0 ppm) as a seed node. (See Supporting
information for MS/MS data and proposed fragmentation pattern, Fig. S9). These last fragment
ions observed in all the MS/MS spectra of the nodes found in cluster 1C were thus characteristic
of MGTAs (but also of DGTAS) and allowed to group these lipids within a single cluster.

A fourth cluster (1D) gathered nodes among which some showed a characteristic neutral loss

of 261 Da on their MS/MS spectra. Based on the annotation previously carried out for the



SQDGs and considering their MS and MS/MS data, the compounds of this cluster were
annotated as sulfoquinovosylmonoacylglycerols (SQMGs). For example, the node at
m/z 600.3411 ([C27Hs4aNO11S]*, calc. m/z 600.3412, A 0.1 ppm; [M + NH4]*) was thus
annotated as SQMG (18:1) (See Supporting information for MS/MS data and proposed
fragmentation pattern, Fig. S10). Six other SQMGs were identified in cluster 1D together with
several structurally related lipids: three monogalactosylmonoacylglycerols (MGMGs) and a
monoacylglycerol (MG). It can be noticed that in this restricted MN the SQMGs appeared in a
separate cluster than the SQDGs (only found in cluster 1A) showing that the fragment ions due
to the acyl chains were in this context more important for the gathering than those of the
sulfoquinovosyl part.

A further cluster (1E) was composed by five compounds belonging to a known lipid family.
All these compounds showed in their MS/MS spectrum a characteristic fragment ion at
m/z 184.0733 which corresponded to the head polar group of phosphatidylcholines (PCs) [42].
As an example, the node with m/z 542.3237 ([C2sH49NO7P]", calc. m/z 542.3241, A 0.8 ppm;
[M + H]*) was annotated as lyso-PC (20:5) (See Supporting information for MS/MS data and
proposed fragmentation pattern, Fig. S11). Thus, using further fragment ions, such as acylium

ions, it was possible to identify the five other nodes as four lyso-PCs and a PC.

3.2.2. Putative annotation of new lipid classes: Clusters 1F to 1J

a) Geranylgeranylglycerol derivatives (Clusters 1F and 1G)
Geranylgeranylglycerol (GGG), previously isolated using the “phytochemical approach”, was

identified in cluster 1F using the experimental data (RT, MS and MS/MS data) obtained from
the chemical standard. In this situation, this known metabolite served as a seed node to annotate
the rest of this cluster as no other metabolites matched with a hit. Thanks to the MS
fragmentation of the precursor adduct ion of GGG at m/z 382.3322 [C23HasNO3]", calc.

m/z 382.3316, A -1.6 ppm; [M + NH4]"), many of the resulting fragment ions observed on the



MS/MS spectrum of GGG were also found in the MS/MS spectra of the other compounds of
this cluster (Fig. 3). More particularly, the characteristic fragment ion at m/z 273.2577 [C20H33]*
corresponding to the geranylgeranyl (GG) moiety was observed for all nodes of the cluster 1F.
After a detailed analysis of their MS/MS data, most of the nodes of this cluster have been
putatively — annotated as belonging to a new class of glycerolipids,
monoradylgeranylgeranylglycerols (MGGGs), which could be divided in two main groups,
namely monoacyl and monoalkyl derivatives of GGG. Eight monoacyl derivatives were then
identified by first using the high similarity (CS = 0.90) between the MS/MS data of GGG and
those of the node at m/z 640.5293 ([C41H70NOa4]", calc. m/z 640.5299, A 1.0 ppm; [M + NH4]")
(Fig. 3). For this particular node, in addition to the characteristic ion fragment of the GG moiety
at m/z 273.2577 ([Ca0H33]", calc. m/z 273.2577, A -0.2 ppm), a fragment ion at m/z 351.2534
([C21H3504]" calc. m/z 351.2530, A -1.1 ppm; [M - GG + H]*) resulting from the loss of the GG
part and an acylium ion at m/z 259.2056 ([C1sH270]", calc. m/z 259.2056, A 0.0 ppm) together
with its dehydrated counterpart at m/z 241.1950 ([C1sH2s]", calc. m/z 241.1951, A 0.4 ppm)
were also observed allowing its annotation as MGGG (18:4). Seven other nodes of the cluster
with acyl chains varying from C16 to C20 with various unsaturations levels were then easily
identified in the same way. In the same cluster, six other nodes showed molecular formulae
lacking one oxygen atom which were inconsistent with a substitution of GGG by an acyl chain
but in accordance with the occurrence of an ether-linked chain. For example, in addition to
characteristic fragment ions of the GG chain, MGGG (0-17:2) was characterized by an adduct
ion at m/z 616.5652 ([CaoH72sNO3]*, calc. m/z 616.5663, A 1.9 ppm; [M + NH4]"), a fragment
ion at m/z 327.2892 ([C20H3903]", calc. m/z 327.2894, A 0.4 ppm; [M - GG + H]") resulting of
the loss of the GG moiety, and two fragment ions specific to the alkyl chain at m/z 252.2680

([C17H34N]*, calc. m/z 252.2686, A 2.3 ppm; [C17H30 + NH4]*) and m/z 235.2418 ([C17Ha1]",



calc. m/z 235.2420, A 1.2 ppm) (Fig. 3). Five other nodes with a similar fragmentation pattern
were putatively annotated as monoalkyl derivatives of GGG in cluster 1F.

Another cluster (1G) was composed of m/z features which showed a similar fragmentation
pattern than those of cluster 1F, the main differences in their MS/MS data being a greater
number of oxygen atoms in their molecular formulae and a characteristic ion fragment at
m/z 271.2419 ([C20H31]", calc. m/z 271.2419, A 0.6 ppm). An in-depth analysis of the MS/MS
spectra of these nodes allowed to putatively annotate them as GGG derivatives bearing an
oxidized GG side chain. More particularly, the node at m/z 398.3273 ([C23H4sNO4]*, calc.
m/z 398.3265, A-2.1ppm; [M+ NH4]*) was characterized using the fragment ions at
m/z 289.2529 ([C20H330]*, calc. m/z 289.2529, A-1.1ppm; [M —glycerol + H]*) and
m/z 271.2427 ([Ca0H31]", calc. m/z 271.2420, A -2.5 ppm; [M — glycerol - H,O + H]") as an
analog of GGG with one hydroxyl group on the GG chain (named here GGGOH). Through
their characteristic MS/MS fragmentation pattern, six other nodes of cluster 1G were easily
identified as monoacyl derivatives of GGGOH. For example, among these derivatives
MGGGOH (18:4) was characterized through the adduct ion at m/z 656.5245 ([C41H70NOs]*
calc. m/z 656.5249, A 0.5 ppm; [M + NHa]"), the characteristic fragment ions at m/z 351.2527
([C21H3504]", calc. m/z 351.2530, A 0.8 ppm; [M - GGGOH +H]") and m/z 289.2526
[C20H330]", calc. m/z 289.2526, A -0.0 ppm; [M - Glycerol — Cig4 + H]*) and their respective
dehydrated counterparts at m/z 333.2426 ([C21H3303]" calc. m/z 333.2424, A -0.4 ppm) and
m/z 271.2419 ([C20Hz1]", calc. m/z 271.2424, A 0.6 ppm), and the acylium ion at m/z 259.2057
([C18H27Q]*, calc. m/z 259.2056, A 0.4 ppm) (See Supporting information for MS/MS data and
proposed fragmentation pattern, Fig. S12).

b) Farnesylglycerol derivatives (Cluster 1H)
Cluster (1H) was composed by nodes showing a characteristic ion fragment at m/z 205.1951

[CisH2s]* which matched with the occurrence of a farnesyl (i.e. Cis-terpenoid) side chain. This



putative assumption was strengthened by the strong similarity of the MS/MS fragmentation
pattern of this ion with that of farnesol found in online DBs (e.g. Metlin).

A detailed analysis of the MS/MS data of the nodes of cluster 1H allowed to putatively annotate
them as mono- and diacyl derivatives of farnesylglycerol (MFGs and DFGs, respectively). For
example, the node at m/z578.5146 ([C3sHesNO4]", calc. m/z578.5143, A-0.5ppm;
(M + NHa]") was characterized as MFG (18:1) through: (i) a fragment ion at m/z 357.3010
([C21H4104]", calc. m/z 357.2999, A -2.8 ppm, [M - FG + H]") resulting from the loss of the
farnesyl part and the corresponding dehydrated ion at m/z 339.2891 ([C21H3903]", calc.
m/z 339.2894, A 0.9 ppm; [M - FG — H20 + H]"), (ii) the characteristic ion fragment of the
farnesyl ~chain at m/z205.1950 ([CisH2s]*, calc. m/z205.1951, A 0.6 ppm;
[M - Glycerol - C1g:1 + H]*) and (iii) an acylium ion at m/z 283.2632 ([CisH3s02]*, calc.
m/z 283.2632, A 0.0 ppm) and its dehydrated counterpart at m/z 265.2529 ([CisH330]", calc.
m/z 265.2526, A -1.0 ppm) (See Supporting information for MS/MS data and proposed
fragmentation pattern, Fig. S13). A similar MS fragmentation was also observed for five other
nodes while two other nodes showed the occurrence of oxygenated acyl chains.

In the same cluster, 14 other nodes showing higher molecular masses and retention times were
annotated as DFGs. For example, DFG (18:1/16:1) was putatively identified on the basis of the
adduct ion at m/z 814.7280 ([Cs2HesNOs]*, calc. m/z 814.7283, A 0.3 ppm; [M + NH4]") and
the characteristic fragment ions at m/z 575.5034 ([C37Hs7O4]", calc. m/z 575.5034, A 0.0 ppm;
[M-FG-H20+H]), m/iz339.2889 ([CaH3903]", calc. m/z339.2894, A 1.4ppm;
[M - FG - H20 - Ci6:1 +H]") and m/z 311.2579 ([C19H3503]", calc. m/z 311.2581, A 0.5 ppm;
[M - FG - H20 - Cig:1 + H]") due to the respective losses of the farnesyl chain, a molecule of

water and one acyl chain.



c¢) Fulvellic acid derivatives (Clusters 11 and 1J)

Two other clusters (11 and 1J) were composed by nodes which showed molecular formulae and
MS/MS fragmentation pattern, more particularly the characteristic fragment ion at m/z 85.0284
[C4H502]", corresponding to those of mono- and diacylglycerols substituted by a C4HsO-
additional chemical group. These findings were in accordance with the chemical structure of
fulvellic acid derivatives (i.e. acylglycerols bearing a methacrylic acid moiety) which have been
previously described from Japanese samples of the brown alga Sargassum fulvellum [43]. Thus,
we proposed to putatively annotate these compounds as fulvellic acid derivatives even if the
lack of MS/MS data in the literature did not allow their unambiguous characterization.

In more detail, the seven nodes of cluster 11 were described as monoacyl fulvellic acid
derivatives (MFuAs) based on their MS/MS fragmentation. For example, MFUA (20:4) was
characterized through the adduct ion at m/z 480.3329 ([C27HsNOs]*, calc. m/z 480.3320, A -
1.8 ppm; [M + NHg4]") and the following ion fragments found on its MS/MS spectrum such as:
(i) the ion at m/z 445.2963 ([C27H410s]*, calc. m/z 445.2949, A -3.2 ppm, [M - H20 + H])
resulting of a loss of water, (ii) the ion at m/z 361.2746 ([C23H370s]", calc. m/z 361.2737, A -
2.4 ppm; [M - H20 - C4Hs02 + H]*) due to the subsequent loss of the methacrylic acid part, (iii)
the acylium ion at m/z 287.2376 ([C20H310]", calc. m/z 287.2369, A -2.4 ppm) and (iv) the
characteristic fragment ion of the methacrylic acid moiety at m/z 85.0288 ([C4Hs0-]", calc.
m/z 85.0284, A -4.6 ppm) (Fig. 4).

Concerning the six nodes of cluster 1J, their RT, molecular formulae and MS/MS data were in
accordance with their putative annotation as diacyl fulvellic acid derivatives (DFuAs). As an
example, DFuUA (20:4/20:5) was characterized on the basis of the adduct ion at m/z 764.5455
([C47H7sNO7]*, calc. m/z 764.5460, A 0.7 ppm; [M + NH4]"), the fragment ions characteristic
of the presence of the fulvellic acid part at m/z 645.4867 ([CasHesO4]", calc. m/z 645.4877,

A 1.5 ppm, [M - H20 - C4Hs02 + H]*) and at m/z 85.0282 ([CsHsO2]", calc. m/z 85.0284,



A 2.6 ppm), the fragment ions due to the loss of an acyl chain at m/z 445.2943 ([C27H110s]",
calc. m/z 445.2949, A 1.1 ppm, [M - H20 - Czo:s + H]*) and m/z 443.2788 ([C27H390s]", calc.
m/z 443.2792, A 0.9 ppm; [M - H20 - C20.4 + H]*), and the acylium ions at m/z 287.2368
([C20Hz10]*, calc. m/z287.2369, A0.5ppm) and m/z285.2214 ([C2H290]*, calc.
m/z 285.2213, A-0.2 ppm) (See Supporting information for MS/MS data and proposed

fragmentation pattern, Fig. S14).
3.2.3. Assessment of the annotation carried out using the restricted MN-1

This MN approach allowed to quickly identify chemically related compounds gathered in a
same cluster because these metabolites showed common MS fragment ions and/or similar
MS/MS fragmentation patterns. Indeed, as soon as a metabolite was annotated (seed node), the
chances of annotating the whole cluster were very strong. In the case of MN-1, nearly 90% of
the metabolites belonging to a cluster where a seed node has been identified were annotated.
Nevertheless, it should be pointed out that to isobaric molecules [e.g. DG (16:1/18:1) & DG
(16:0/18:2)] constituted one limitation of this type of approach as they are commonly detected
in a same node.

Finally, the careful analysis of MN-1 led to the annotation of 147 metabolites distributed in
eighteen chemical classes (Fig. 2). Even if the nodes belonging to the major clusters were
annotated, certain compounds and/or clusters are still to be determined. Then, the use of less
restricted MNs would allow to include them within a cluster where most of the nodes were

already annotated, which could facilitate their identification.

3.3. Further annotation of the metabolome of T. atomaria using less

restricted MNs (MN-2 and MN-3)
The previous MN (MN-1) was based on restrictive parameters that only permitted to highlight

strong similarities between the MS/MS spectra of metabolites within a same cluster. In order to



further enrich the chemical DB of T. atomaria, the metabolites previously identified by the
phytochemical approach and the analysis of MN-1 were incorporated into a less restricted MN
(MN-2; See Supporting information , Fig. S15), and then an even less restricted (MN-3)
network (Fig. 5). Reducing this restriction allowed certain unbound metabolites (self-loop
nodes) to be gathered in clusters containing known compounds. Their annotation became easier
by highlighting fragment ions and MS/MS fragmentation pathways which were common with
previously identified nodes.

Moreover, the use of less restricted MNs allowed the gathering of nodes belonging to close
chemical classes in a same cluster. Thus, MN enlargement with MN-2 and MN-3 brought
together two clusters (1A and 1B), which were separated in MN-1, in a single cluster (2A-B
and 3A-B, respectively) gathering several classes of structurally related lipids (DGs, TGs,
MGDGs and SQDGS). In the same way, the two clusters 1F and 1G comprising various GGG
derivatives grouped together (3F-G). Moreover, several terpenes, some of which have been
identified in the phytochemical approach, namely dictyol A, (1S, 5E, 7S) 1-acetoxygermacra-
4(15),5,10(14)-triene and germacra-4(15),5,10(14)-trien-9-ol, which appeared previously in
MN-1 as self-loop nodes, were found clustered with the MGGGs in MN-2 (cluster 2G) and in
MN-3 (cluster 3F-G). These clusters also allowed to confirm the annotation of other terpenes,
such as retinol, retinal, and dictyolene identified through online DBs and trans-calamenene and
1,4-peroxymuurol-5-ene already isolated by our group from this algal species and referenced
in our in-house DB, which appeared as self-loop nodes in MN-1. This strategy made it possible
to annotate 61 additional metabolites very easily and to further enrich the DB. Finally, a total
of 210 metabolites (Table 2) were putatively identified within the metabolome of T. atomaria

using the workflow described in this study.



3.4. Taxonomical and ecological significance of the annotated metabolites

of T. atomaria

In line with previous observations on T. atomaria from the French Mediterranean coasts
[20,21,39,40], no meroditerpenes were observed here either with the phytochemical approach
or using MNSs. In these previous studies and in the present one, the main isolated terpenes were
GGG and sesquiterpenes with cadinane, germacrane or spiroaxane carbon skeletons. The same
trend was also observed for specimens of T. atomaria collected in the Adriatic Sea (Croatia)
[22,23], or for samples of Taonia pseudociliata from the Gulf of Catania (Sicily, Italy)
(previously identified as Dilophus fasciola, [24,31,32]) and no meroditerpenes were reported
either in these studies.

However, several meroditerpenes were identified in previous works focusing on algal species
reported as Taonia atomaria from Canary Islands (e.g. taondiol and atomaric acid) [27,28], or
from the Aegean Sea (e.g. taondiol, atomaric acid, sargaquinone, and atomarianones A and B)
[26,29,44]. In these studies, which did not report any sesquiterpenes or GGG, such a chemical
composition appeared to be strikingly close to those of Stypopodium species widely reported
for their meroditerpenes production [45-49]. For instance, atomaric acid and taondiol have been
previously isolated from Stypopodium zonale [50] while epi-taondiol and sargaquinone were
described from Stypopodium flabelliforme [51]. Stypopodium and Taonia are morphologically
and phylogenetically close genera among the Dictyotaceae family [52] and, as already
suggested [50], the hypothesis of a botanical misidentification of Stypopodium spp. samples as
T. atomaria could be a plausible scenario to consider. However, more thorough
chemotaxonomic studies are necessary to confirm this hypothesis and an integrative approach
coupling morphological, phylogenetic and metabolomics analyses could provide the
information needed to clarify this situation.

In an ecological point of view, sesquiterpenes and GGG produced by T. atomaria have

demonstrated anti-adhesion activities against several epiphytes including diverse bacterial



strains [20,21] and barnacle larvae [21], with gleenol and GGG showing the strongest activities.
Through a specific extraction procedure developed for this seaweed [20], these two compounds
were also characterized as main components of the surface metabolome of T. atomaria
[20,21,39,40]. These studies brought evidence that these chemical compounds may be implied
in the regulation of the epibiosis at the algal surface. Sesquiterpenes have been noticed mainly
in apical parts, where the meristem -which is composed of cells involved in the algal growth-
is located. In line with the optimal defense theory which assumes that chemical resources are
allocated within the organism to maximize the plant fitness [53], these molecules, known as
defense compounds, may allow to protect the merismatic cells against fouling organisms [40].
The biosynthetic pathway and mechanisms allowing the expression of these compounds at the
algal surface remain uncertain and not documented, implying the need to improve the
annotation of its metabolome.

In this study, we also annotated two new lipid classes, GGG and FG derivatives, which are
likely to play an important role in the biogenesis and storage of GGG and sesquiterpenes,
respectively, since glycerides are generally known for their fundamental storage role. More
precisely, GGG derivatives could act as a lipid form of storage for GGG; while mono- and di-
FG, harboring a farnesyl chain, could be used by the alga as storage compounds for biosynthetic
precursors of sesquiterpenes.

Concerning the fulvellic acid derivatives, their description remains uncertain because they have
only been described from the Japanese alga Sargassum fulvellum [43], but their presence, in
addition to those of all the other lipid families described here, shows that T. atomaria, and more
broadly marine macroalgae, constitute an immeasurable source of still untapped lipid

derivatives.



3.5. Integration of phytochemical approaches and the use of less
restrictive parameters in the building of MNs can improve the annotation

of relevant metabolites

Several studies have already successfully combined phytochemical approaches and the building
of MNs (see [18] for review) but the main part of them were implemented with purposes
different than the one driving the present work. Thus, a first set of such studies have employed
MNs as a dereplication tool, using in-house or online DBs fed with experimental or in silico
MS/MS data, to focus isolation efforts on putatively new compounds (e.g. [54,55]). A second
set of studies using MNs have been implemented in order to target specific families of chemical
compounds (e.g. [56,57]). Finally, a large third set of studies have described the use of MNs
for the identification or the targeted isolation of bioactive compounds (e.g. [58,59]). In our case,
starting from a non-model species, the aim was to isolate the main chemical components of the
extracts of T. atomaria and to use them, in combination with MNs, to annotate as much as
possible the metabolome of this alga without any condition of novelty or bioactivity of the
characterized metabolites.

The first particularity of the present study was to include a fractionation step of the crude
extracts of T. atomaria and the subsequent MS/MS analysis of the resulting fractions in order
to maximize the annotation of the metabolome of this alga. By way of comparison, it can be
noted that most of the previous studies dealing with MNs have only analyzed crude extracts
that can hamper the detection of numerous compounds, probably due to lower detection limits
and competition between molecules during the ionization process.

The second particularity of the present analytical workflow consisted in the use of less and less
restrictive parameters for the construction of more and more complex MNs. As most studies to
date use the default set of values proposed on the GNPS platform (CS: 0.70; Minimum matched
fragments ions: 6; Network TopK: 10), only a limited number of them have discussed the

impact of such parameters on the structure of the MNs and on the annotation process. However,



these parameters need to be appropriate for each analysis according to the expected results [16].
Consistently, in several previous studies the use of default parameters gives complex MNs with
large clusters composed by mostly unknown metabolites. In such cases, the use of less stringent
conditions for the building of MNs could have allowed an easiest determination of common
MS/MS fragmentation patterns between nodes which composed a same cluster and thus could

have led to a better annotation.

4. Conclusion

An efficient method dedicated to the annotation of the metabolome of a non-model organism,
the brown alga T. atomaria, has been developed by coupling two types of approaches, one based
on a classical study of the organic extracts of this alga by natural products chemistry and the
other, more recent, highlighting the power of annotation of MNs built with fractions of these
extracts. Following the elaboration of a first very restricted MN (i.e. implying a very high
similarity between the MS/MS data of the metabolites within a same cluster), the annotation
was carried out using either seed nodes (i.e. metabolite identified through the interrogation of
online DBs or isolated standards during the phytochemical analysis of the alga) or by analyzing
the similarities and/or interpreting the MS/MS data of the nodes belonging to a same cluster.
This first step allowed to annotate 147 compounds in the ten main clusters of the restricted MN
(MN-1) and to putatively characterize two new lipid classes including a geranylgeranyl or a
farnesyl part together with a rare class of acylglycerols bearing a methacrylic acid moiety
(fulvellic acid derivatives). The implementation, in a second phase, of less constrained MNs
allowed to enlarge the size of the clusters and to annotate 65 additional metabolites.

The use of such a method, which is simple to implement, could allow to broaden our knowledge
of the metabolome of species, particularly marine ones, which are still little studied to date.
This method could thus be an essential tool for the study of such organisms by environmental

metabolomics.
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Tables and Figures

Table 1. Selected building parameters and results for the MNs constructed with the MS/MS
data of fractions obtained from the crude extracts of the brown alga Taonia atomaria

Table 2: Summary of the annotation of the metabolome of the brown alga Taonia atomaria
Figure 1. Analytical workflow used in this study

Figure 2. Restrained molecular network (MN-1) built with MS/MS data of fractions obtained
from the crude extracts of the brown alga Taonia atomaria

Node colors were chosen according to the chemical classes (see color code below the network). Nodes with a
diamond shape correspond to fragments ions while those with a triangle shape represent compounds with a
distinct adduct from the rest of the cluster. Thickness of an edge between two nodes is proportional to the cosine
score (CS, from 0.851 to 0.995). Only clusters with at least three nodes are represented. The whole network also
includes 39 clusters of two nodes and 512 unbound nodes.

Figure 3. Annotation of geranylgeranylglycerol (GGG) derivatives in cluster 1F and

proposed MS/MS fragmentation pattern for GGG, MGGG (18:4) and MGGG (0-17:2)
(Abbreviations: MGGG: Monoradylgeranylgeranylglycerol) (Circles: metabolites; Diamonds: fragments)

Figure 4. Annotation of cluster 11 and proposed fragmentation pattern for the compound
MFUA (20:4) (Abbreviation: MFuA: Monoacylfulvellic acid) (Circles: metabolites; Triangles: adducts)

Figure 5. Less restricted MN (MN-3) built with MS/MS data of fractions obtained from the
crude extracts of the brown alga Taonia atomaria

Node colors were chosen according to their chemical classes (see color code below the network). Nodes with a
diamond shape correspond to fragments ions, while those with a triangle shape represent compounds with a
distinct adduct from the rest of the cluster. Nodes with a thick border correspond to newly annotated compounds
via the MN enlargement. Thickness of an edge between two nodes is proportional to the cosine score (CS, from
0.701 to 0.995). Only clusters with at least three nodes were represented. The whole network also includes 37
clusters of two nodes and 326 unbound nodes.



Table 1

Table 1. Selected building parameters and results for the MNs constructed with the MS/MS

data of fractions obtained from the crude extracts of the brown alga T. atomaria

Molecular Minimum Minimum Matched Network Number of Number of
network cosine score fragment ions TopK annotated clusters with 5
metabolites  or more nodes
MN-1 0.85 10 7 147 15
MN-2 0.80 8 7 198 19
MN-3 0.70 6 10 212 21




Table 2

h L. Annotated Annotated
. . . Color Characteristic ion L Other MS/MS fragmentation nodes
Chemical family Abbreviation fragment Characteristic neutral mass loss nodes
code (Bold: most intense fragment ions) pattern (MN-1) (MN-1to
' € MN-3)
Monoacylglycerol MG - - [R-C=0]* 1 3
Diacylglycerol DG - - [M - FA]*, [R-C=0]* 13 20
. [M - FAJ*, [M - 2FA + OH]",
Triacylglycerol TG - - [R-C=0]* 21 38
Monogalactosylmonoacylglycerol MGMG - [R-C=0]* 3 6
m/z 197.0900 [-Gal ; -NHs]
Monogalactosyldiacylglycerol MGDG - [M - Gal - FA]*, [R-C=0]* 17 25
Digalactosylmonoacylglycerol DGMG - R-C=0]* 0 4
‘e i Viely m/z 359.1428 [-2Gal ; -H0 ; -NH] [ ]
: . i m/z 341.1322 [-2Gal ; -NHs] [M -2 Gal-FAJ*,
Digalactosyldiacylglycerol DGDG [M—2 Gal - H,O — FAJ*, [R-C=0]* 1 2
M/Z 236.1493 [C10|'|22N05]+
m/z 218.1387 [C10H20N04]+
M°'ILO:ICK;gtL‘:;f;Z'LhT%ZTZrTf;hV' MGTA m/z 162.1125 [C;H1sNOsJ* m/z 161.1052 [-C/H1,03 ; -NHs] ; 14 19
o v m/z 144.1019 [C;H14NO,J*
m/z 100.1121 [CeH1aN]*
Sulfoquinovosylmonoacyglycerol SQMG - m/z 261.0519 [-CeH1,08S ; -NHs] [R-C=0]* 7 7
Sulfoquinovosyldiacylglycerol SQDG - m/z 243.0413 [-CeH10075] [M - CeH120sS - FA]*, [R-C=0]* 7 11
L Ph hatidvicholi L PC m/z 258.1101 [C8H21N06P]+ 4 4
yso-Phosphatidylcholine yso- m/z 184.0733 [CsH1sNO4P]* .
m/z 104.1070 [C4H14NO]+ m/z 183.0660 [-C5H14NO4P]
Phosphatidylcholine PC m/z 86.0964 [CsH1,N]* - 1 1
Terpene (and GGG) - - - - 1 9
Monoacylgeranylgeranylglycerol MGGG [R-C=0]* 8 8
m/z 273.2577 [CaoH33]* m/z 289.2770 [-GGG ; -NHs]
Monoalkylgeranylgeranylglycerol MGGG (O) - 6 7
Monoacylhydroxy- m/z 289.2526 [CyoH330]*
- 23.2824 [- ;- -c=0J*
geranylgeranylglycerol MGGG-OH m/z 271.2420 [CyoHz1]* m/2 3232824 [-CooHa:02 ; -NH3] [R-C=0] 6 6
Monoacylfarnesylglycerol MFG m/z 239.2249 [-FG ; -H,0 ; -NH3] [R-C=0]* 8 8
m/z 205.1951 [Cy5Has]* .
Diacylfarnesylglycerol DFG m/z221.2144 [-FG ; -NH;3] [M - FG - FA]*, [R-C=0]* 15 15
. . -C= +
Monoacylglycerylfulvellic acid MFuA m/z 141.0546 [C;HeOs]* [R-C=0] 7 8
" m/z 119.0583 [-FuA ; -H,0 ; -NH3]
Diacylglycerylfulvellic acid DFuA m/z 85.0284 [C4Hs0;] [M - FA]*, [R-C=0]* 7 11
Total: 147 212
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Figure 2
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