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Abstract

Many bacterivorous and parasitic nematodes secrete signaling molecules called ascarosides that
play a central role regulating their behavior and development. Combining stable-isotope labeling
and mass spectrometry-based comparative metabolomics, here we show that ascarosides are

taken up from the environment and metabolized by a wide range of phyla, including plants,

fungi, bacteria, and mammals, as well as nematodes. In most tested eukaryotes and some

bacteria, ascarosides are metabolized into derivatives with shortened fatty acid side chains,
analogous to ascaroside biosynthesis in nematodes. In plants and C. elegans, labeled ascarosides
were additionally integrated into larger, modular metabolites, and use of different ascaroside
stereoisomers revealed the stereospecificity of their biosynthesis. The finding that nematodes
extensively metabolize ascarosides taken up from the environment suggests that pheromone
editing may play a role in conspecific and interspecific interactions. Moreover, our results indicate
that plants, animals, and microorganisms may interact with associated nematodes via manipulation
of ascaroside signaling.
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INTRODUCTION

Nematodes are the most abundant animals on Earth and participate in a wide range of
ecological interactions.! Life cycles of nematodes are often highly complex, involving
parasitic, pathogenic, and/or bacterivorous life stages. Correspondingly, nematodes interact
intimately with diverse plants, animals, and microorganisms, and the ability to perceive
and respond to the presence of nematodes appears likely to confer significant advantages
to nematode-interacting species. A recent study showed that plants can sense low
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nanomolar concentrations of nematode-derived pheromones called ascarosides and respond
by upregulating specific defense signaling pathways.2-3 Ascarosides were first shown to
serve as signaling molecules in the model organism C. efegans, where they serve as a
population density signal triggering larval diapause (“dauer”).4® Subsequent studies showed
that ascarosides are used as signaling molecules also by many plant- and animal-parasitic
nematodes.26-9 In fact, ascarosides may be produced by a majority of nematode species,
based on the results of targeted analyses of phylogenetically diverse species. Their biological
functions range from regulating development, metabolism, and lifespan to coordinating
social and mating behaviors,10-13

Ascarosides minimally consist of the dideoxyhexose ascarylose attached to a hydroxylated
short-chain alkyl or alkenyl chain, as in the C. elegans dauer pheromone components ascr#2
(1) and ascr#3 (2). The fatty acid-like side chains originate from peroxisomal S-oxidation
(pBo).1415 Such “simple” ascarosides serve as scaffolds for more-complex metabolites
derived from attachment of diverse metabolic building blocks via carboxylesterases,16:17 for
example, icas#3 (3),13 ascr#8 (4),18 or uglas#1 (5) (see Figure 1a).19 Ascarosides essentially
function as a chemical language, and even small changes in the chemical structures of

the ascarosides strongly affect biological activity. Correspondingly ascaroside biosynthesis
is often specific to the sex or life stage. For example, the monounsaturated ascr#3 (2),

which is produced primarily by C. elegans hermaphrodites, can extend the lifespan of

C. elegans, whereas the saturated ascaroside ascr#10 (6), which is the most abundant
ascaroside in C. elegans males, shortens lifespan?® (Figure 1a). Although the biosyntheses
of complex multimodular ascarosides or stereo-chemical variants is often species-specific,
production of a few simple ascarosides is widespread among nematodes. For example,
ascr#18 is produced by many plant parasitic and entomopathogenic nematodes, as well

as most bacterivorous nematodes,? similarly ascr#1 is widespread among animal parasitic
nematodes and bacterivorous species,®2! suggesting the possibility of interspecies signaling.

Recent studies indicate that a wide range of plant species, including monocots and dicots,
as well as some fungi can perceive and respond to low concentrations of ascr#1 or ascr#18,
indicating that plants and fungi evolved the ability to recognize ascarosides as a conserved
molecular signature of nematodes.222.23 Intriguingly, plants can metabolize nematode-
derived ascarosides via pfo and thereby change their chemical message, generating
ascaroside mixtures that repel plant-parasitic nematodes and reduce infection.® These
findings suggest that ascaroside metabolism may play important roles in interphylum and
intraphylum interactions involving nematodes, for example, in interactions with the host in
the case of parasitic nematodes, or, in the case of bacterivorous and fungivorous nematodes,
in the soil as part of a complex ecological network with bacteria, fungi, and plants. In this
study, we aimed to investigate to what extent nematodes and nematode-interacting phyla can
edit ascaroside pheromones taken up from their environment to potentially manipulate or
interfere with nematode communication.
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RESULTS AND DISCUSSION

Analytical Strategy.

We aimed to survey ascaroside metabolism across phyla in a strictly untargeted manner,
avoiding a prioribias by knowledge of previously identified ascaroside derivatives and
stereoisomers. For this purpose, we designed a set of stable-isotope labeled ascarosides

that would enable unambiguous recognition of derivatives via comparative metabolomics
and distinguishing metabolites derived from exogenously applied ascarosides from
endogenously produced ascaroside derivatives (Figures 1b and 1c). Design of isotopically
labeled ascarosides further aimed to ensure facile detection of labeled metabolites by
comparative metabolomics software (e.g., XCMS24 or MZmine 225). Carbon-13 was
selected over deuterium to avoid retention time shifts that could interfere with automated
peak recognition, and a mass difference of 2 amu was deemed sufficient to distinguish
natural isotopes from metabolites of added labeled synthetic compounds. The label had

to be incorporated at a position in the ascarosides that is unlikely to be lost by known
metabolic transformations, e.g., pfo, which has been shown to iteratively shorten the fatty
acid-like side chains of ascarosides in nematodes'415.26 and plants.3 Furthermore, synthesis
of labeled ascarosides with a range of side chain lengths seemed useful, since in nematodes,
ascarosides with different side chain lengths appear to have different metabolic fates.2”
Lastly, in order to test whether there is any preference or specificity for metabolism of

the naturally occurring ascarosides, we aimed for a synthesis that would also allow for
preparation of ascarosides with inverted configuration (Sinstead of £) in the side chain,
which had not been described from natural sources.10

Synthesis of [13C,]-Ascarosides.

Based on these considerations, we opted for label incorporation at the w and w—1 positions
of the ascaroside side chain (see Figure 1c). [13C,]-labeled acetyl chloride was converted
into the Weinreb amide and chain extended to near-racemic [13C,]-labeled 5-hexen-2-ol,
which was then coupled to bis-benzoyl protected ascarylose.28 The resulting mixture of
stereoisomers (7) was subjected to metathesis with ethyl acrylate followed by deprotection,
and chromatographic separation of the stereoisomers, which yielded pure samples of [13C,]-
ascr#7 (8) as well as the [13C,]-(65)-isomer (9). In previous work, we have shown that
metathesis of 7 with longer chained terminally unsaturated fatty acid esters produces a
mixture of products with different side chains, because of double bond migration and
participation of the initial products in additional metathesis.2® Though a nuisance in the
earlier study, we took advantage of metathesis chain walking here by reacting 7 with
ethyl-6-heptenoate, which produced a mixture of [13C,]-labeled ascarosides with side chain
lengths of 9-12 carbons, Chromatographic separation afforded pure samples of ascr#10 and
ascr#18, as well as their (w1 S)-isomers (see Figure 1c).

Metabolism in C. elegans.

To investigate metabolism of exogenously supplied ascarosides in nematodes, we treated C.
elegans wild-type cultures in parallel with [13C,]-labeled or nonlabeled ascarosides at 10
UM, a nontoxic concentration at the upper end of the range of ascaroside concentrations
typically used for bioassays with C. elegans. For comparative HPLC-HRMS analysis of
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treated and mock-treated cultures, we used Metaboseek software, which integrates the
XCMS platform (Figure 1b).24 Analysis of worms treated with [13C5]-labeled samples

of ascr#7 (AC7, 8), ascr#10 (C9, 10) and ascr#18 (C11, 11), all of which are naturally
excreted by C. elegans}* revealed 24 [13C,]-labeled metabolites (see Figures 2a and

2b, as well as Figure S1 in the Supporting Information (SI)). [3C,]-ascr#10 and [13C,]-
ascr#18 were converted to the corresponding S-hydroxylated derivatives and underwent
side chain shortening, likely via pfo, resulting in the formation of [13C,]-ascr#9 (C5, 12),
the known end point of pfo of (w—1)-ascarosides in C. efegans.1* In contrast, treatment
with [13C,]-ascr#7 (AC7) produced only trace quantities of 13C,-ascr#9 (C5) and other pfBo
intermediates (see Figure 2b, as well as Figure S2 in the SI).

All three [13C,]-labeled ascarosides further contributed to the biosynthesis of modular
ascarosides. [13C,]-ascr#10 and [13C,]-ascr#18 were predominantly incorporated into
several 4"-modified ascarosides, e.g., icas#10 (13) and icas#18 (14), whereas [13C,]-ascr#7
was predominantly incorporated into compounds resulting from the attachment of additional
moieties to the carboxy terminus, e.g., ascr#81 (15) and iglas#71 (16) (Figures 2a and

2b, as well as Figure S1). In addition, all three [13C,]-ascarosides were converted to
corresponding phosphorylated ascarosides, e.g., phascr#181 (17).39 Notably, [13C,]-ascr#10
was not significantly incorporated into osas#10, a 4"-modified derivative bearing succinyl
octopamine moiety, suggesting that the biosynthesis of osas#10 and other succinyl
octopamine modified ascarosides is distinct from that of other 4-modified ascarosides,
such as icas#10 (13) (see Figure 2c, as well as Figure S2). Separate biosyntheses of these
signaling molecules would parallel their starkly different biological functions: osas#10 and
its chain-shortened derivative osas#9 serve as dispersal signals,31 whereas icas ascarosides
promote aggregation.13.14

Untargeted comparative metabolomics further revealed incorporation of [13C,]-ascr#10 and
[13C,]-ascr#18 into a series of amino acids conjugates,39 as well as previously unreported
cadaverine (ascad#10, 18) and glycerol derivatives (see Figures 2a, 2d, and 2e, as well as
Figure S1). These structures were proposed based on high-resolution MS fragmentation
patterns and have been subsequently confirmed via synthesis for the case of ascad#10 (see
Figure 2d, as well as Figure S3 in the SI). Notably, amino acid conjugates of [13C,]-ascr#18
(C11) were much more abundant than the corresponding ascr#10 (C9) conjugates, and
corresponding ascr#7 (AC7) conjugates were not observed (see Figures 2b and 2e). Among
amino acids conjugates, the alanine, valine, glutamate, and glutamine derivatives were
most abundant, whereas glycine conjugates were not detected (Figure 2e), in contrast to
acox-1.1 null mutants, which endogenously accumulate ascr#10 and ascr#18 and produce
the corresponding glycine derivatives as the most abundant amino acid conjugates.30

These observations suggest that exogenous ascarosides taken up from the environment are
metabolized differently than endogenously produced ascarosides.

Next, we tested whether stereoisomers of [13C,]-ascr#7, [13C,]-ascr#10, and [13C,]-ascr#18
carrying (S)-configuration at the («w—1)-position of the side chain are similarly metabolized.
Although the (S)-stereoisomers were taken up by C. elegansto a similar extent as the
(R)-stereoisomers, they were less extensively metabolized (Figure 2a). We did not observe
any conversion to 4’-modified ascarosides, and conjugation with additional moieties at
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the carboxy terminus was partially abolished, e.g., (S5)-[*3C,]-ascr#7 was not converted

to (5)-[13C,]-ascr#81 and (S)-[13C,]-iglas#71, whereas formation of the closely related
iglas#91 and of C-terminal conjugates with cadaverine, e.g., ascad#10 (18), was not
affected (see Figure 2a, as well as Figure S4 in the SI). In contrast, the 13C,-labeled
(S)-stereoisomers were phosphorylated, conjugated with amino acids, and chain-shortened
via pfo, resulting in formation of (S)-[13C,]-ascr#9 (19), as confirmed through independent
synthesis (see Figures 2a and 2f, as well as Figure S5 in the SI).

Following the identification of (S)-ascr#9 as the most abundant metabolite of side-chain
(S)-configured ascarosides, we noted the presence of small amounts of this compound in
exo- and endo-metabolome samples from untreated C. elegans (see Figures 2f and 2g, as
well as Figure S5 in the SI). This was unexpected, since all previously identified (w—1)-
ascarosides are (R)-configured.10 However, reinspection of previously published HPLC-MS
data?” revealed that (S)-ascr#9 can be detected consistently in C. efegans metabolome
samples, albeit in variable amounts. Production of (S)-ascr#9 appears to be increased in
worms grown on plates compared to liquid culture, and is daf-22-dependent, indicating

that (S)-ascr#9, analogous to the (/)-isomer, originates from chain shortening of long-chain
(S)-ascarosides (Figure 2g).

n Microorganisms.

Bacterivorous and fungivorous nematodes are among the most abundant animals in soil,
where they feed on and interact with complex microbiomes. Moreover, C. elegans and

other bacterivorous nematodes are commonly raised on bacterial diets in the lab; however,
whether bacterial metabolism interacts with pheromone signaling has remained unclear.32
To investigate potential metabolism of ascarosides by microorganisms, we treated a soil
fungus, A. fumigatus, the yeast S. cerevisiae, and three different bacteria (Bacillus subtilis,
Pseudomonas syringae, and Escherichia coli OP50), which is commonly used as food for C.
elegans in the laboratory, with [13C,]-labeled or unlabeled ascr#18 (C11, 16). Comparative
metabolomic analysis after 24 h revealed that, in A. fumigatus, ascr#18 is rapidly taken

up and converted to the chain-shortened derivatives ascr#1 (C7, 20) and ascr#9 (C5,

12), indicating that A. fumigatus takes up ascr#18 and metabolizes the compound via
B-oxidation, as in ascaroside biosynthesis in nematodes,1# and analogous to the metabolism
of ascarosides in plants® (see Figures 3a and 3b, as well as Figure S6a in the SI). In
contrast, analysis of ascr#18-treated S. cerevisiae revealed only a small amount of ascr#18
uptake, and no chain shortening or other metabolites were detected, except for trace amounts
of a glycosylated derivative of ascr#18 (see Figure 3b, as well as Figure S6b in the Sl),
which was found to be identical to the glucoside glas#18 (21) previously reported from C.
elegans.14

Analysis of ascr#18-treated £, syringae revealed iterative side chain shortening suggestive
of p-oxidation (Figure 3c); however, compared to A. fumigatus, ascr#18 metabolism in

P, syringae proceeded much slower and produced mostly ascr#10 (C9, 6), whereas in A.
fumigatus and plant B-oxidation proceeds further, yielding ascr#9 (C5, 12) as the most
abundant metabolite3. Notably, analysis of the 2. syringae endo-metabolome (the extract of
the bacterial pellet) revealed only trace amounts of ascarosides, suggesting that any ascr#18
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taken up is metabolized relatively quickly and then excreted (see Figure 3c, as well as Figure
S6c in the SI). In contrast, ascr#18 was not metabolized in B. subtilis or E. coli OP50 (see
Figure 3c, as well as Figure S6d in the SI).

Metabolism in Mammals.

Nematodes are common parasites of plants and animals, including humans,33 and both plant
and animal parasitic nematodes have been shown to produce ascarosides.26 To investigate
potential metabolism of ascarosides in mammals, we first treated human hepatocytes with
[13C,]-labeled and unlabeled ascr#7 (AC7, 22). Comparative metabolomic analysis revealed
chain shortening to ascr#9 in human cells within 2 h (see Figures 3d and 3e, as well

as Figure S7a in the SI), likely from B-oxidation, following activation by an acyl-CoA
synthetase. In addition, we detected small amounts of the saturated derivative of ascr#7,
ascr#l (20), which suggests that ascr#7 may be reduced by peroxisomal or mitochondrial
enoy| reductases (see Figures 3d and 3e, as well as Figure S7a). Next, we investigated
ascaroside metabolism /7 vivo in mice and rats. Mice metabolized most intravenously
(IV)-administered ascr#7 to ascr#9 within 20 min. In the case of oral (PO) administration,
ascr#7 was absorbed into the bloodstream within <0.5 h and then was metabolized to
ascr#9, reaching peak ascr#9 concentrations after 1 h (see Figure 3f). As in human cell
culture, we additionally observed formation of small amounts of ascr#1 as well as trace
quantities of bhas#1 (23), likely derived from the hydration of ascr#7 by the peroxisomal
enoyl-CoA hydratase (see Figure 3d, as well as Figures S7b and S7c in the Sl). Both ascr#7
and ascr#9 were largely cleared from the bloodstream after 8 h, suggesting that it was
eliminated via feces or urine or stored in, e.g., fat tissue. To assess routes of elimination,

we conducted additional analyses in rats. Analysis of rat serum and urine samples confirmed
rapid metabolism of PO- or IV-administered ascr#7 into ascr#9, which was excreted in the
urine after 8-24 h. Analysis of fecal samples of PO-treated animals additionally revealed
unmetabolized ascr#7, in addition to smaller amounts of ascr#9 (Figures S7d, S7e, S7f, and
S7g in the SI). Given that chain shortening of ascarosides proceeds via pfo in nematodes
and plants, we hypothesize that chain shortening of ascarosides in mammals similarly relies
on peroxisomal fatty acid metabolism.

Metabolism in Plants.

In a previous study, we showed that both monocots and dicots metabolize ascr#18 via
p/o into ascarosides with shorter side chains, e.g., ascr#9.3 To more broadly investigate
metabolism of ascarosides in plants, we treated Arabidopsis (Brassicaceae) and tomato
(Solanaceae) seedlings with [13C,]-labeled or unlabeled ascr#18 (C11, 16). As expected,
comparative metabolomic analysis after 24 h showed that ascr#18 is iteratively chain-
shortened in both Arabidopsis and tomato, resulting in the conversion of most of the free
ascr#18 to ascr#9 (C5, 12) (see Figures 4a and 4b, as well as Figure S8 in the SI). In
addition, we detected several series of glycosylated derivatives, derived from conjugation
of ascr#18 and chain-shortened ascarosides with one or more hexose units (see Figure

4a, as well as Figure S7). Comparison of MS? fragmentation patterns and retention times
indicated that glycosylated derivatives detected in Arabidopsis and tomato are identical to
glucosylated ascarosides previously reported from C. elegans, e.g., glas#18 (21) (see Figures
S8 and S9 in the SI). Glucosylated ascarosides were much more abundantly produced
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in tomato, where we additionally detected ascr#18 derivatives incorporating two or three
hexose moieties, which are absent in Arabidopsis (Figure 4b). In turn, Arabidopsis produced
a glutamate conjugate (25) of ascr#18, which was not detected in tomato (see Figures 4a
and 4b, as well as Figure S8 in the Sl). Taken together, our observation indicated that
ascarosides are taken up and metabolized by plants via pgo, glycosylation, and amino acid
conjugation pathways, producing a range of metabolites, many of which are also found in
the metabolomes of C. elegans and other nematodes (Figure 4c).

DISCUSSION

Our results indicate that the capacity to metabolize ascarosides is widely conserved among
nematode-interacting phyla, suggesting that nematode-associated plants, animals, and
microorganisms may interact in part via manipulation of ascaroside signaling. Given that
even seemingly minor changes in ascaroside structures?C or the composition of ascaroside
blends334 can be associated with stark changes in signaling content, this xenometabolic
activity of nematode-associated microbiota and macrobiota may play a significant role in
nematode ecology, e.g., in the context of host-parasite interaction or in the soil where
nematodes interact closely with diverse arthropods and microorganisms.3°> Metabolism of
ascarosides by microorganisms or by host plants or animals may also confer information to
the producing nematodes, e.g., about the suitability of soil environments for colonization or
of hosts for invasion, respectively.

Metabolism of nematode-secreted ascarosides by associated microbiota and macrobiota can
change the composition of pheromone blends rapidly, at time scales of a few hours or

less, and thus has the potential to confound studies of pheromone signaling in C. elegans
and other nematode species. Therefore, bioassays, e.g., using synthetic ascarosides, must
take xenometabolic effects into account, including the possibility that nematodes themselves
further edit pheromone blends. In C. elegans, comparative analysis of samples treated

with or without isotopically labeled compounds allowed to distinguish native ascaroside
metabolism and showed that exogenously supplied ascarosides were chain-shortened,
converted to phosphorylated derivatives, and integrated into structurally more-complex
modular ascarosides in a stereoselective and side chain-specific manner. Even though only
a fraction of a percent of added ascaroside was converted to any one type of modular
metabolite, the resulting changes in ascaroside bouquets may significantly affect nematode
responses, given that biological activities may be dependent on the relative ratios of
ascaroside abundances3* and since modular ascarosides are often active at subnanomolar
concentrations.13:14.20 For example, the ratio of ascr#3 to ascr#10 is critical for behavioral
and physiological responses of C. elegans hermaphrodites and males,2%-34 and in the case
of plant parasitic nematodes, juveniles are attracted by ascr#18, but repulsed by mixtures
of ascr#18 and ascr#9.3 Further editing of supplied synthetic ascarosides may also warrant
consideration when comparing pheromone responses of wildtype with worms defective in
peroxisomal p-oxidation, e.g., daf-22 mutants,1418.26 which have been used as a control
for worms lacking endogenously produced ascarosides in a large number of studies with
synthetic ascarosides.36-38
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Behavioral responses to ascarosides have so far been studied only in a small number of
nematode species, 19 and the activities of complex blends of compounds have been explored
only to a very limited extent. Even in the model systems C. elegans and £, pacificus, the
biological functions of ascr#9, the proximal endproduct of ascaroside metabolism in most
of the eukaryotes studied here has not been extensively tested. Our results may motivate a
survey of responses to ascr#9 in nematodes from diverse ecological niches. Lastly, treatment
of C. elegans with (S)-ascarosides led to the unexpected identification of an ascaroside
with inverted side-chain stereochemistry in untreated C. elegans, which highlights gaps in
our understanding of ascaroside biosynthesis and will further motivate more comprehensive
characterization of responses to different ascaroside blends and sterecisomers. Moreover,

it is unclear whether perception of exogenous ascarosides influences their uptake and
metabolism or the biosynthesis and excretion of endogenous ascarosides. This question
could potentially be addressed by investigating ascaroside metabolism and biosynthesis in
mutants defective in ascaroside perception.10

Extensive metabolism of excreted signaling molecules by conspecifics or associated
microbiota and macrobiota is not restricted to nematode-derived ascarosides. Examples

for the degradation of pheromones by conspecific are well-known from insects, e.g.,

the silkmoth.39 A classic example for the role of microbiota in processing signaling
molecules in higher animals is the metabolism of excreted primary bile acids by

intestinal bacteria, resulting in the formation of secondary bile acids, which are then
reabsorbed and regulate diverse aspects of host metabolism and immune function.#041 We
believe that editing of small molecule signals by conspecifics, other animals, plants, and
associated microorganisms may be widespread and represent an underappreciated regulatory
mechanism in ecological networks.

METHODS

For detailed experimental and synthetic procedures, see the Supporting Information.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 2.
C.ge/egans metabolism of exogenously supplied ascr#7, ascr#10, and ascr#18. (a) Major
metabolic pathways of treated ascr#7, ascr#10, and ascr#18. lon traces (ESI negative) of
example ascaroside derivatives from treatments of 12C-(R)-ascaroside (green), [13C5]-(R)-
ascaroside (orange), and [*3C,]-(S)-ascaroside (red). Arrows represent different metabolic
pathways affected (R-isomer only) or not affected by the configuration of the side chain
stereocenter. (b) Relative abundance of ascaroside-derived metabolites. (c) Fold change of
[M+2.006-H]~ for osas#10 and osas#9 by treating [13C,]-ascr#7, ascr#10, and ascr#18.

(d) Examples of newly discovered ascarosides and representative ion chromatograms (ESI
positive) from treatments with [13C,]-labeled ascarosides. (e) Conversion percentage of
ascr#7 (green), ascr#10 (orange), and ascr#18 (blue) to the corresponding ascarosides-
derived metabolites. Putative homologues of known ascarosides that were not detected are
referred to as, e.g., “ascr#81+CoHg”. (f) Conversion percentages of exogenously added (S)-
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and (R)-ascr#7, ascr#10, and ascr#18 to different pSo products. Whereas pgo of added
(R)-ascarosides produced a range of different chain lengths, the side chains of added (5)-
ascarosides were shortened more quickly, yielding (S)-ascr#9 (C5) as the dominant product.
(9) lon chromatograms of (/)-ascr#9, oscr#9, and (S)-ascr#9 from endometabolomes of
wild type grown in liquid (black), [13C,]-(S)-ascr#18-treated wild type grown in liquid,
aaf-22 mutants grown in liquid (purple) and wildtype grown on plates (brown). Conversion
percentages and compound distribution are calculated based on ratios of MS peak areas.
Structures of compounds marked with an asterisk (*) were proposed based on MS? spectra
and homology with known compounds.
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Figure 3.

Metabolism of ascr#18 in microorganisms, mammalian cells, and mammals. (a) ascr#18
is chain-shortened by A. fumigatus and £ syringae to ascr#10, ascr#1, and ascr#9; (b, c)
relative abundance of ascr#18 and its chain-shortened products detected in the media (left)
and pellet (right) by treatment of ascr#18 to A. fumigatusand S. cerevisiae (panel b) and
P, syringae and B. subtilis (panel c). Metabolic pathways and products of ascr#7 in mice.
(e) Abundance of ascr#9 (red) and ascr#1 (purple), relative to ascr#7 from the treatment of
ascr#7 to human hepatocytes. (f) Plasma concentration of ascr#7 and ascr#9 in mice that
received ascr#7 intravenously (I1V, green) and orally (PO, blue) at concentrations of 50 and
100 mg/kg, respectively.
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ascr#18-derived metabolites from plants. (a) Example structures and ion chromatograms
(ESI negative) of ascr#18 derivatives from treatment of Arabidopsis and tomato with [13C,]-
labeled and unlabeled ascr#18. Relative differences in the abundance of [13C,]-labeled and
unlabeled isotopomers are due to variation between experiments. (b) Abundance of ascr#18
chain-shortened metabolites (top) and glycosylated metabolites (bottom) in Arabidopsis
(purple) and tomato (pink), relative to ascr#18. (c) Proposed metabolic pathways of ascr#18
in Arabidopsis and tomato. Structures of compounds marked with an asterisk (*) were

proposed based on MS? spectra and

homology with known compounds.
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