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Inositolphosphate glycans and a fucosylated xyloglucan
oligosaccharide are accumulated upon Arabidopsis thaliana/ Botrytis
cinerea infection

Aline Voxeur", Julien Sechet', Samantha Vernhettes”

Abstract

In mammals, insulin is involved in controlling blood glucose levels and its role in
modulating immunity is being more and more documented. This hormone
promotes the release of inositolphosphate glycans (IPG) which act as mediators.
In plants, one IG has already been identified in plant culture cells (Smith and
Fry, 1999; Smith et al., 1999) but, to our knowledge, no IPG have been yet
identified. Here, we discovered 7 IPG that are accumulated upon Arabidopsis
thaliana-Botrytis cinerea interaction, concomitantly with oligogalacturonides and
a fucosylated xyloglucan oligosaccharide. Further structural characterization
showed that they come from the hydrolysis of polar heads of Serie A to H
glycosylinositol phosphorylceramides presumably via a phospholipase C activity.
Taken together with the emerging role of insulin as immune regulator, these
results question the role of IPG as damage associated molecular pattern both in
animal and plant kingdoms.

Introduction

Oligosaccharins are biological active oligosaccharide’. Their biological
activities include the stimulation of skotomorphogenesis®, growth promotion®
and anti-auxin activity™. We also know for decades that oligogalacturonides
(OGs), oligomers of =-1,4-linked galacturonic acid trigger plant defense response
when they are exogenously applied®™. Until very recently®”, almost none of the
oligosaccharins studied have been detected in planta, thus questioning their role
and their identity in planta. Here we identified unknown oligosaccharides
accumulated during Arabidopsis thaliana-Botrytis cinerea interaction. While we
rather expected to characterize cell wall derived oligosaccharides, we discovered
that several inositol phosphate glycans (IPG) deriving from plant glycosylinositol
phosphorylceramides (GIPCs) are highly accumulated upon infection.

First, using high-performance size-exclusion chromatography (HP-SEC)
coupled with high resolution mass spectrometry (HRMS)-based method in
negative mode, we have set up a strategy aimed at identifying putative
oligosaccharides accumulated over time upon Botrytis cinerea infection. We
selected the main ions detected upon infection and increasing continuously
between 12 and 18 hours post-infection with a mass-to-charge ratio (m/z)
superior to 263 that corresponds to a dipentose (Fig. 1A). This leads to the
identification of 36 candidates included 16 OGs, 4 being oxydized (Fig. 1B).
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Amongst the 18 non-OG candidates, we discarded 5 members for which we did
not obtain confident elemental compositions. Finally, this workflow resulted in 13
candidates. 9 are phosphorylated and 3 do not present any elemental composition
compatible with an oligosaccharide structure (Fig. 1C). We observed that 8 of
them were also detected in cell wall water extract of non-infected plants.

We first focused our study on the most abundant candidate at m/z 597
[M - H] for which the software predicted the formula C H, O, P. This compound
coelutes with the m/z 579 ion (predicted formula C H,,0,,P) which we attributed
to the formation of a [M-H-H,0] anion. The m/z 597 MS* spectrum displays a
m/z 97 ion corresponding to H,PO, that comforts the predicted formula (Fig.
2A). The fragment ion at m/z 373 is likely formed from the decarboxylation of the
m/z 417 ion, the latter corresponding to the loss of a hexose (Hex) moiety from
the parental ion [M-H-180]. The ion at m/z 241 was next assigned the loss of an
uronic acid (UA) from the m/z 373. Last, the m/z 259 and 241 ions disgnostic of
phosphorylated inositol (Ino-P)* suggest that m/z 597 ion corresponds to an
inositolphosphate glycan (IPGs) composed of a phosphorylated inositol, an uronic
acid and a hexose (Fig. 2B). We next fragmented the candidate at m/z 517
(C,H,0,,) (Fig. 2C). We observed fragment ions at m/z 161 and 179
corresponding to hexosyl or inositol residue. We also detected characteristic
fragment ions of uronic acids at m/z 175 [M-H,O-H] and 113 [M-COOQ].
Consistent with the m/z 597 fragmentation mechanism, the fragment ion at m/z
293 is formed by the loss of a hexose or an inositol and a further decarboxylation.
We conclude that m/z 517 likely corresponds to the non-phosphorylated form of
the m/z 597 candidate.

The m/z 259 (Ino/Hex-P) and 373 (UA-Ino/Hex-P) ions observed in m/z
597 MS’ spectrum were found in the fragmentation pattern of six doubly charged
candidates at m/z 577 (C,H,0,P*), 643 (CH,0O,P*), 716 (CH,O,P*), 724
(C,H,0,.P*), 782 (C.H,O,P?), and 790 (C,H,O.P*). According to the
fragmentation pattern obtained from m/z 577 and 643 (Fig. 3A-D), these
molecules contain one additional hexose and three and four additional pentoses
respectively, likely linked to a Hex-UA-Ino/Hex-P core. The cross-ring fragments
at m/z 353, 485, 617 and 749 (B,.+ C,H,0,) might be produced by the cleavage of
an inositol or a hexose residue. We favor the first hypothesis since no fragment
corresponding to three or four pentoses plus two hexoses has been detected. Last,
the cross-ring fragment at m/z 221 (C,H,,0,+ C,H,0,) provides evidence that the
Pent,Hex chain and Pent,Hex are branched on the inositol moiety via the hexose
residue. Following the same reasoning, according to the fragmentation pattern
obtained from candidates at m/z 716 and 724 (Fig. 4A and 4B), we attributed
the respective fragments at m/z 895 and 911 to the presence of side chains
composed of one hexose linked to the Hex-UA-Ino-P core and four pentoses and
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one additional deoxyhexose (m/z 716) or hexose (m/z 724). We finally deduced
that the candidates at m/z 782 and 790 are characterized by one additional
pentose (Fig. 4C and 4D).

Therefore, we identified 7 inositolphosphate glycans (IPG) and one inositol
glycan (IG) over-accumulated upon A. thaliana/B. cinerea interaction and
present in cell wall water extract of healthy leaves.

In order to explore if these I(P)Gs could derive from glycosyl inositol
phosphoryl ceramides (GIPCs), we analyzed the cell wall water extract of gmt.1.3
(GIPC Mannosyl Transferase) mutant which is affected in GIPC glycan
biosynthesis™. 14-day-old light-grown wild-type and gmtl.3 plants that still
displayed similar heights were analysed. In WT cell wall water extract, we
detected six of the IPGs and IG accumulated upon infection (Fig. 5A and B). By
contrast, none of the oligosaccharides described above were detected in the gmtl
mutant. We found ions at m/z 435 (C,H,,O,,P) and 355 (C,H,O,,) absent in WT
(Fig. 5A and B), that could correspond to GIcA-Ino-P and GIcA-Ino, respectively.
The m/z 435 fragmentation gave rise to ions at 259 m/z, likely formed by the loss
of an uronic acid, and at m/z 97 and 79 diagnostic of phosphorylated groups (Fig.
5C). The 355 fragmentation indicates the presence of a C,H,,O, moiety and an
uronic acid absent in the WT sample that we attributed to GIcA-Ino (Fig. 5D). It
is worth to note that we did not detect any ion corresponding to the GIcA-Ino core
substituted by side chains questioning the GIPC glycan biosynthetic machinery.
We concluded that the 7 I(P)Gs accumulated upon A. thaliana/B. cinerea
interaction derive from Serie A and Series E to H GIPCs and would be released
by GIPC phospholipase(s) C.

The last candidate for which the software predicted the formula at 809 m/z
is doubly charged (predicted formula C_H,,0.P*) and detected as a formic acid
adduct [M+HCOO-H]*. Its fragmentation gives rise to its [M-H] form at m/z
1573 and to ions at m/z 161 (anhydro-hexosyl unit), 1411 [M-C,H, O.-H] and 1279
[M- C,H, 0.-C.H,O,-H] suggesting the presence of hexosyl and pentosyl residues.
We assigned the doubly charged ion at m/z 726, produced via a 120-Da loss to a
*‘A, cross-ring cleavage in a C,-substituted hexose. lons at 675 [M-Hex-C,H,0,-
2H]* and 666 [M-Hex-C,H,0,-H,0-2H]* were next assigned to a *’A_, cross-ring
cleavage diagnostic of C,- and C,-substituted hexose. Last, the prominent and
smaller single charged fragments at m/z 643 and 455 are accompanied by ions at
m/z 541 and 353, respectively, which corresponds to a 102-Da neutral loss. This
MS? pattern is diagnostics of xyloglucan oligosaccharide fragmentations which
are characterized by prominent D-type fragment ions. They result from double
cleavage and correspond to entire inner xyloglucan side chains®. They produce in
turns ““A cross-ring cleavage ions, diagnostic for the presence of (1,6)-linkage, via
a 102-Da loss from anhydro-glycosyl unit. We therefore attributed the D-type ion
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at m/z 455 and its *A_ corresponding ion at m/z 353 to the presence of Galactose-
Xylose-Glucose block (represented by the letter L) and m/z 643 (D), 541 (“*A.))
and 499 (*‘A.. -Acetyl) to the presence of an acetylated Fucose-Galactose-Xylose-
Glucose block (represented by the letter F). According to these results and to the
well-known structure of xyloglucan, we concluded that the candidate at m/z 809
is an acetylated XLFG oligosaccharide.

In conclusion our study shows that structurally diverse oligosaccharides
are produced in planta. Upon infection, B. cinerea secretes a xyloglucanase®, it is
therefore consistent to detect xyloglucan fragment produced concomitantly with
OGs. By contrast, the presence of I(P)G is far more surprising. The study of
gmtl.3 mutant affected in GIPC mannosylation showed that these I(P)Gs
originate from GIPCs. The existence of an IG, originating from serie A GIPC, has
already been described in extracellular space of culture cells during the period of
rapid cell growth'**, However, although in mammals IPGs were described over
30 years ago”, IPGs have not yet been identified in plants.

Here, we demonstrate that IPGs from serie A to H, present in cell wall
extract of healthy plant are preferentially accumulated upon infection. This
suggests that a GIPC phospholipase C activity which cleaves phospholipids
before the phosphate group, is specifically promoted in that condition. It is worth
to note that the non-specific phospholipase C4 (NPC4) has been shown to be
involved in GIPC hydrolysis in response to phosphate deficiency” and
consequently, IPGs could act more broadly as stress-related molecules. The
accumulation of serie A I1G (m/z 517) also suggests that a GIPC phospholipase D,
which cleaves after the phosphate moiety, could be activated. A phospholipase D
activity has been detected in cabbage and in A. thaliana®. This GIPC-PLD
prefers GIPC containing two sugars® which is consistent with the fact that Man-
GlcA-Ino is the most highly produced in our conditions. However, we cannot rule
out another scenario that would imply a phospholipase C activity and a
subsequent phosphorylase. Finally, the I(P)G diversity observed questions the
existence of diverse phospholipases C and D with different substrate preference.
The identification of these enzymes, their impact in membrane properties as well
as the role of such IPG and IG diversities need to be investigated.

The absence of series E to H IPGs lacking mannose residue in the gmt1.3
mutant suggests that mannose adding is indispensable prior to the transfer of
other sugars. More interestingly, this also questions the role of complex GIPCs in
the gmt1.3 phenotype. Indeed, this mutant gmt1.3 displays a severe phenotype
and a constitutive hypersensitive response’. The role of IPGs as signaling
molecules needs therefore to be investigated in this mutant and in plants in
general.
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In mammals, IPGs are extracellularly-produced by insulin-sensitive cells
in response to insulin treatment from glycosylphosphatidylinositol cleaved by
phospholipase C*. They promote lipogenesis, glycogenesis®™ and interestingly, are
also important component of T-cell growth® Insulin is involved in
controlling blood glucose levels and its role in shaping immunity through
modulating T cell metabolism is being more and more documented®. Taken
together with the fact that 1(P)Gs are accumulated upon infection in plants, we
do believe that considering 1(P)Gs as damage-associated molecular pattern and
studying roles of I(P)Gs in defense will undoubtedly open new avenues of
research.

Material and methods

Plant Material

Infection assays were performed on A. thaliana WT Wassilewskija (Ws-0) plants
grown in soil in a growth chamber at 22 °C, 70% humidity, under irradiance of
100 emol-m-2 -s -1 with a photoperiod of 8-h light/16-h dark. Senescent A.
thaliana WT (Ws-0) plants plants were grown in long-day conditions (16/8 h
light/dark) in soil in a greenhouse. Seeds from gmt1.3 mutants were a kind gift of
J. Mortimer. A. thaliana gmt1.3 and Colombia seeds were grown on 1/2 x MS
media plates positioned vertically for 14 days under constant light at 23°C.

Alcohol insoluble residue and cell wall water extract

Leaves and plantlets were grinded in five volume of ethanol 96 % and the
supernatant was removed after centrifugation at 10,000g for 5 min. The pellet
was washed with 70% ethanol with subsequent centrifugation until being
uncolored and dried in a speed vacuum concentrator at room temperature. Two
volumes of distilled water were added to the alcohol insoluble residue obtained
and leave one hour at room temperature. The supernatant was collected after
centrifugation at 10,000g for 5 min and dried in a speed vacuum concentrator at
room temperature.

Oligosaccharides accumulated upon A. thaliana-B.cinerea interaction

Oligosaccharides were produced and analyzed according to Voxeur et al., 2019.
Briefly, the wild-type B. cinerea B05.10 strain was grown on potato dextrose agar
at 23 °C under continuous light. After 10 days, the spores were washed from the
surface of the plate using Gamborg's B5 basal medium, 2% (w/v) fructose and 10
mM phosphate buffer. Fungal hyphae were removed by filtering. The
concentration of spores was determined using a Malassez cell and adjusted to a
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final concentration of 3.10° conidia/mL. Isolated A. thaliana leaves of 5-week-old
plants were immersed in a B. cinerea suspension (6 leaves for 10 ml of suspension
at 3 x 10° spores/ml) and incubated on a rotary shaker at 100 rpm at 23 °C during
12, 15 and 18 h. The liquid medium was next collected and an equal volume of
96% ethanol was added. After centrifugation at 5000 g during 10 min, the
supernatant was collected and dried in a speed vacuum concentrator at room
temperature. The obtained pellet was then diluted. The equivalent of the
digestate of 3 leaves of 5-week-old A. thaliana plants was dried and diluted in
200 pl. 10 pl were injected for MS analysis.

Oligosaccharide analysis

Samples were diluted at 1 mg/ml in ammonium formate 50 mM, formic acid 0.1%.
Chromatographic separation on high-performance size-exclusion chromatography
was performed on an ACQUITY UPLC Protein BEH SEC Column (125A, 1.7 um,
4.6 mm X 300 mm, Waters Corporation, Milford, MA, USA). Elution was
performed in 50 mM ammonium formate, formic acid 0.1% at a flow rate of 400
ul/min and a column oven temperature of 40 °C. The injection volume was set to
10 ul. MS-detection was performed in negative mode with the end plate offset set
voltage to 500 V, capillary voltage to 4000 V, Nebulizer 40 psi, dry gas 8 I/min
and dry temperature 180 °C.

Major peaks were annotated following accurate mass annotation, isotopic pattern
and MS/MS analysis. The MS fragmentation pattern is indicated according to the
nomenclature of Domon and Costello®. For the targeted analysis, the theoretical
exact masses were used with 4 significant figures with a scan width of 5 ppm.
The resulting extracted ion chromatograms were integrated.

Data processing

The .d data files (Bruker Daltonics, Bremen, Germany) were converted to
.mzXML format using the MSConvert software (ProteoWizard package 3.0)
mzXML data processing, mass detection, chromatogram building, deconvolution,
sample alignment, and data export were performed using MZmine 2.52 software
(http://mzmine.github.io/). Mass list were built using a retention time window of
6.0-8.0 min and next, we used the ADAP chromatogram builder® with group size
of scan 5, peak detection threshold of 800, a minimum highest intensity of 1500
and m/z tolerance of 0.01 m/z. We deconvoluted the data with the ADAP wavelets
algorithm using the following setting: S/N threshold 8, peak duration range =
0.01-0.2 min RT wavelet range 0.02-0.1 min. Finally, we selected candidates with
a surface area superior to 18000 at 18 hpi and results were deisotoped manually.

Author Contributions

Performed the experiments: AV, JS. Analyzed the data: AV. Wrote the paper: AV,
SV.


https://doi.org/10.1101/2021.06.25.449971
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.06.25.449971,; this version posted July 9, 2021. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

References

1. Albersheim, P.; Darvill, A. G.; McNeil, M.; Valent, B. S.; Sharp, J. K.; Nothnagel, E. A;
Davis, K. R.; Yamazaki, N.; Gollin, D. J.; York, W. S.; Dudman, W. F.; Darvill, J. E.; Dell, A.
Oligosaccharins: Naturally Occurring Carbohydrates with Biological Regulatory Functions.
In Structure and Function of Plant Genomes; Ciferri, O., Dure, L., Eds.; Springer New York:
Boston, MA, 1983; pp 293-312.

2. Sinclair, S. A.; Larue, C.; Bonk, L.; Khan, A.; Castillo-Michel, H.; Stein, R. J.; Grolimund, D.;
Begerow, D.; Neumann, U.; Haydon, M. J.; Kramer, U. Etiolated Seedling Development
Requires Repression of Photomorphogenesis by a Small Cell-Wall-Derived Dark Signal.
Current Biology 2017, 27 (22), 3403-3418.e7.

3. Auxtova-Samajova, O.; Liskova, D.; Kakoniova, D.; Kubaekova, M.; Karacsonyi, S.; Bilisics,
L. Inhibition of Auxin Stimulated Short-Term Elongation Growth of Pea Stem Segments by
Galactoglucomannan-Derived Oligosaccharides. Journal of Plant Physiology 1996, 147 (5),
611-613.

4. Beeova-KakoSova, A.; Digonnet, C.; Goubet, F.; Ranocha, P.; Jauneau, A.; Pesquet, E.;
Barbier, O.; Zhang, Z.; Capek, P.; Dupree, P.; LiSkov4, D.; Goffner, D. Galactoglucomannans
Increase Cell Population Density and Alter the Protoxylem/Metaxylem Tracheary Element
Ratio in Xylogenic Cultures of Zinnia. Plant Physiol. 2006, 142 (2), 696—709.

5. Kollarova, K.; Vatehova, Z.; Slovakova, L.; LiSkov4, D. Interaction of Galactoglucomannan
Oligosaccharides with Auxin in Mung Bean Primary Root. Plant Physiology and
Biochemistry 2010, 48 (6), 401-406.

6. Richterova-Kueerova, D.; Kollarova, K.; Zelko, l.; Vatehova, Z.; LiSkova, D. How Do
Galactoglucomannan Oligosaccharides Regulate Cell Growth in Epidermal and Cortical
Tissues of Mung Bean Seedlings? Plant Physiology and Biochemistry 2012, 57, 154—-158.

7. York, W. S.; Darvill, A. G.; Albersheim, P. Inhibition of 2,4-Dichlorophenoxyacetic Acid-
Stimulated Elongation of Pea Stem Segments by a Xyloglucan Oligosaccharide. Plant
Physiol. 1984, 75 (2), 295-297.

8. Ishii, T.; Saka, H. Inhibition of Auxin-Stimulated Elongation of Cells in Rice Lamina Joints
by a Feruloylated Arabinoxylan Trisaccharide. Plant and Cell Physiology 1992, 33 (3), 321—
324.

9. Nothnagel, E. A.; McNeil, M.; Albersheim, P.; Dell, A. Host-Pathogen Interactions: XXII. A
Galacturonic Acid Oligosaccharide from Plant Cell Walls Elicits Phytoalexins. Plant Physiol.
1983, 71 (4), 916-926.

10. Spiro, M. D.; Kates, K. A.; Koller, A. L.; O'Neill, M. A.; Albersheim, P.; Darvill, A. G.
Purification and Characterization of Biologically Active 1,4-Linked =-d-Oligogalacturonides
after Partial Digestion of Polygalacturonic Acid with Endopolygalacturonase. Carbohydrate
Research 1993, 247, 9-20.

11. Hahn, M. G.; Darvill, A. G.; Albersheim, P. Host-Pathogen Interactions: XIX. The
Endogenous Elicitor, A Fragment Of A Plant Cell Wall Polysaccharide That Elicits
Phytoalexin Accumulation In Soybeans. Plant Physiol. 1981, 68 (5), 1161-1169.

12. Voxeur, A.; Habrylo, O.; Guénin, S.; Miart, F.; Soulié¢, M.-C.; Rihouey, C.; Pau-Roblot, C;
Domon, J.-M.; Gutierrez, L.; Pelloux, J.; Mouille, G.; Fagard, M.; Hofte, H.; Vernhettes, S.
Oligogalacturonide Production upon Arabidopsis thaliana/Botrytis cinerea Interaction. Proc
Natl Acad Sci USA 2019, 116 (39), 19743.

13. Hsu, F.-F.; Turk, J. Characterization of Phosphatidylinositol, Phosphatidylinositol-4-
Phosphate, and Phosphatidylinositol-4,5-Bisphosphate by Electrospray lonization Tandem
Mass Spectrometry: A Mechanistic Study. J Am Soc Mass Spectrom 2000, 11 (11), 986—999.

14. Fang, L.; Ishikawa, T.; Rennie, E. A.; Murawska, G. M.; Lao, J.; Yan, J.; Tsai, A. Y.-L.;
Baidoo, E. E. K.; Xu, J.; Keasling, J. D.; Demura, T.; Kawai-Yamada, M.; Scheller, H. V.;
Mortimer, J. C. Loss of Inositol Phosphorylceramide Sphingolipid Mannosylation Induces
Plant Immune Responses and Reduces Cellulose Content in Arabidopsis. Plant Cell 2016, 28
(12), 2991-3004.

15. Quéméner, B.; Vigouroux, J.; Rathahao, E.; Tabet, J. C.; Dimitrijevic, A.; Lahaye, M.
Negative Electrospray lonization Mass Spectrometry: A Method for Sequencing and


https://doi.org/10.1101/2021.06.25.449971
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.06.25.449971,; this version posted July 9, 2021. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

Determining Linkage Position in Oligosaccharides from Branched Hemicelluloses:
Sequencing of Hemicellulose Oligosaccharides. J. Mass Spectrom. 2015, 50 (1), 247—-264.

16. Zhu, W.; Ronen, M.; Gur, Y.; Minz-Dub, A.; Masrati, G.; Ben-Tal, N.; Savidor, A.; Sharon, |.;
Eizner, E.; Valerius, O.; Braus, G. H.; Bowler, K.; Bar-Peled, M.; Sharon, A. BcXYG1, a
Secreted Xyloglucanase from Botrytis Cinerea , Triggers Both Cell Death and Plant Immune
Responses. Plant Physiol. 2017, 175 (1), 438-456.

17. Smith, C. K.; Fry, S. C. Biosynthetic Origin and Longevity in Vivo of - d -Mannopyranosyl-
(1 e 4)-=- d -Glucuronopyranosyl-(1 = 2)- Myo -Inositol, an Unusual Extracellular
Oligosaccharide Produced by Cultured Rose Cells. Planta 1999, 210 (1), 150-156.

18. Smith, C. K.; Hewage, C. M.; Fry, S. C.; Sadler, I. H. e-d-Mannopyranosyl-(1e4)-=-d-
Glucuronopyranosyl-(1=2)-Myo-Inositol, a New and Unusual Oligosaccharide from Cultured
Rose Cells. Phytochemistry 1999, 52 (3), 387-396.

19. Saltiel, A.; Fox, J.; Sherline, P.; Cuatrecasas, P. Insulin-Stimulated Hydrolysis of a Novel
Glycolipid Generates Modulators of CAMP Phosphodiesterase. Science 1986, 233 (4767),
967-972.

20. Yang, B.; Li, M.; Phillips, A.; Li, L.; Ali, U.; Li, Q.; Lu, S.; Hong, Y.; Wang, X.; Guo, L.
Nonspecific Phospholipase C4 Hydrolyzes Phosphosphingolipids and Sustains Plant Root
Growth during Phosphate Deficiency. The Plant Cell 2021, koaa054.

21. Tanaka, T.; Kida, T.; Imai, H.; Morishige, J.; Yamashita, R.; Matsuoka, H.; Uozumi, S.;
Satouchi, K.; Nagano, M.; Tokumura, A. Identification of a Sphingolipid-Specific
Phospholipase D Activity Associated with the Generation of Phytoceramide-1-Phosphate in
Cabbage Leaves. FEBS J 2013, 280 (16), 3797—3809.

22. Hasi, R. Y.; Miyagi, M.; Morito, K.; Ishikawa, T.; Kawai-Yamada, M.; Imai, H.; Fukuta, T.;
Kogure, K.; Kanemaru, K.; Hayashi, J.; Kawakami, R.; Tanaka, T. Glycosylinositol
Phosphoceramide-Specific Phospholipase D Activity Catalyzes Transphosphatidylation. The
Journal of Biochemistry 2019, 166 (5), 441-448.

23. Fox, J. A,; Soliz, N. M.; Saltiel, A. R. Purification of a Phosphatidylinositol-Glycan-Specific
Phospholipase C from Liver Plasma Membranes: A Possible Target of Insulin Action.
Proceedings of the National Academy of Sciences 1987, 84 (9), 2663—2667.

24. Jones, D. R.; Varela-Nieto, I. The Role of Glycosyl-Phosphatidylinositol in Signal
TransductionlDedicated to Dr. Antonio Sanchez-Bueno.l. The International Journal of
Biochemistry & Cell Biology 1998, 30 (3), 313-326.

25. Merida, I.; Pratt, J. C.; Gaulton, G. N. Regulation of Interleukin 2-Dependent Growth
Responses by Glycosylphosphatidylinositol Molecules. Proceedings of the National Academy
of Sciences 1990, 87 (23), 9421-9425.

26. Tsai, S.; Clemente-Casares, X.; Zhou, A. C.; Lei, H.; Ahn, J. J.; Chan, Y. T.; Choi, O.; Luck,
H.; Woo, M.; Dunn, S. E.; Engleman, E. G.; Watts, T. H.; Winer, S.; Winer, D. A. Insulin
Receptor-Mediated Stimulation Boosts T Cell Immunity during Inflammation and Infection.
Cell Metabolism 2018, 28 (6), 922-934.e4.

27. Domon, B.; Costello, C. E. A Systematic Nomenclature for Carbohydrate Fragmentations in
FAB-MS/MS Spectra of Glycoconjugates. Glycoconjugate J 1988, 5 (4), 397—409.

28. Chambers, M. C.; Maclean, B.; Burke, R.; Amodei, D.; Ruderman, D. L.; Neumann, S.; Gatto,
L.; Fischer, B.; Pratt, B.; Egertson, J.; Hoff, K.; Kessner, D.; Tasman, N.; Shulman, N
Frewen, B.; Baker, T. A.; Brusniak, M.-Y.; Paulse, C.; Creasy, D.; Flashner, L.; Kani, K.;
Moulding, C.; Seymour, S. L.; Nuwaysir, L. M.; Lefebvre, B.; Kuhlmann, F.; Roark, J.;
Rainer, P.; Detlev, S.; Hemenway, T.; Huhmer, A.; Langridge, J.; Connolly, B.; Chadick, T.;
Holly, K.; Eckels, J.; Deutsch, E. W.; Moritz, R. L.; Katz, J. E.; Agus, D. B.; MacCoss, M.;
Tabb, D. L.; Mallick, P. A Cross-Platform Toolkit for Mass Spectrometry and Proteomics. Nat
Biotechnol 2012, 30 (10), 918-920.

29. Myers, O. D.; Sumner, S. J.; Li, S.; Barnes, S.; Du, X. One Step Forward for Reducing False
Positive and False Negative Compound Identifications from Mass Spectrometry
Metabolomics Data: New Algorithms for Constructing Extracted lon Chromatograms and
Detecting Chromatographic Peaks. Anal. Chem. 2017, 89 (17), 8696-8703.


https://doi.org/10.1101/2021.06.25.449971
http://creativecommons.org/licenses/by/4.0/

Filter | mock BcWT
GalA,0x m/z mock BeWT
Peak ;Z;azgit;e 2185;&%55 18 hpi GalAz0x-H;01 29706 CfiaOsP?
m/z = 263 (di-pentose) GalA0x1 - 483.03 C33H7051
201 candidates GalAzAcox-H,0- 597.11  CygH33050P
GalA;Meox 579.10 C4gH55045P1
Filttr " GalA;Meox-H,O 57714  C3gHg3047P
GalA Acox 643.16  CyyH7;0,4P
PA 15 hpi = PA12hpi > 25% PAqo i GalA;MeAc-H,0 716.19  CgyHg O 45P 1
And PA1g ipi = PArs vpi > 25% Phis GalAzMe,Ac-H,0 (-H)- 72418  CyyHgyOusP-
36 candidates GalAgMe,Ac-H,0 (-2H) 78221 CggHggOueP
GalAsMes-H,0+ 790.21  CssHagOsoPA
16 0Gs W GalAgMe,Ac-H,0 51714 CigHpO1r1
v GalAgMe,Ac,-H,0 728.23 Cs4Hgg04s51
Filter 1l GalAgMezAc-H,0 809.26  CgyHogOso-
Unknown compounds with GalAgMe,Acy-Ha0+ CWE 12 15  18hpi
confident elemental GalAgMegAc,-H,O _
composition CWE 12 15 18 hpi 2x10°  4x10° 6x10° 8x10°
13 candidates Peak area Peak area
[ T T

200000 400000

Figure 1. Phosphorylated oligosaccharides are accumulated upon Arabidopsis thaliana-Botrytis cinerea infection.
A) Flow chart of the 3-step filtering strategy used to select putative oligosaccharides accumulated upon infection. B) Heat
map displaying the oligogalacturonides (OG) accumulated over time upon infection. C) Heat map displaying the non OG
candidates accumulated over time upon infection. Candidates in red do not have any elemental compositions compatible
with an oligosaccharide structure. PA: Peak area; hpi: hours post infection; OG: oligogalacturonides; CWE: Cell wall water
extract; BCWT: B. cinerea wild type strain; GalA: Galacturonic acid; Me: Methylester group; Ac: Acetylester group; OGs are
named GalA,Me Ac,. Subscript numbers indicate the DP and the number of methyl- and acetylester groups, respectively.
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Figure 2. Short Inositol(Phosphate) Glycans (GIPs) are accumulated upon Arabidopsis thaliana-Botrytis cinerea
infection A) MS? fragmentation pattern of m/z 597 in negative mode. B) MS? fragmentation pattern of m/z 517 in negative
mode. GIcA: Glucuronic acid, Intens.: signal intensity.
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Figure 3. Substituted InositolPhosphate Glycans (I(P)Gs) are accumulated upon Arabidopsis thaliana-Botrytis
cinerea infection A) MS? fragmentation pattern of m/z 577 in negative mode. B) Proposed fragmentation scheme for m/z
577. C) MS? fragmentation pattern of m/z 643 in negative mode. D) Proposed fragmentation scheme for m/z 643. GIcA:
Glucuronic acid, Intens.: signal intensity. Pent: Pentose
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Figure 4. MS? fragmentation pattern of
m/z A) 716, B) 724, C) 782 and D) 790 in
negative mode. GIcA: Glucuronic acid, Intens.:

signal intensity.
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Figure 5. Inositol(Phosphate) Glycans (I(P)Gs) from cell wall water extract of gmt1.3 mutant. Extracted ion chromatograms
of IPG (A) and IG (B) in cell wall water extract of WT and gmt1.3 14-day-old plantlets. MS? fragmentation pattern of m/z (C)435
and (D) 355. Intens.: signal intensity.
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Figure 6. An acetylated and fucosylated xyloglucan oligosaccharide is accumulated upon Arabidopsis thaliana-Botrytis
cinerea infection. MS? fragmentation pattern of m/z 809 and a proposed fragmentation scheme.
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