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The vacuole has a space-filling function, allowing a particularly rapid plant cell expansion
with very little increase in cytosolic content (Lofke et al., 2015; Scheuring et al., 2016;
Diinser et al., 2019). Despite its importance for cell size determination in plants, very little
is known about the mechanisms that define vacuolar size. Here we show that the cellular
and vacuolar size expansions are coordinated. By developing a pharmacological tool, we
enabled the investigation of membrane delivery to the vacuole during cellular expansion.
Counterintuitively, our data reveal that endocytic trafficking from the plasma membrane to
the vacuole is enhanced in the course of rapid root cell expansion. While this
“compromise” mechanism may theoretically at first decelerate cell surface enlargements,
it fuels vacuolar expansion and, thereby, ensures the coordinated augmentation of

vacuolar occupancy in dynamically expanding plant cells.

Animals and plants take many shapes and come in great diversity of sizes (Marshall et al., 2012).

During cellular expansion surface area to intracellular volume ratio gets smaller and if cells grow
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beyond a critical limit, the surface of the plasma membrane may cease to accommodate cellular
needs. Cells typically remain, hence, relatively small or eventually induce membrane furcation to
enlarge the cellular surface. Compared to animals, plant cells can dramatically increase their size
without the apparent need for surface enlargements. The vacuole is the biggest organelle in plants
and its size correlates with and determines cell size in Arabidopsis (Owens and Poole, 1979;
Berger et al., 1998; Lofke et al. 2015; Scheuring et al., 2016). Vacuolar size control is dynamic
and vacuolar morphology is a reliable intracellular read-out for cellular expansion (Dilnser et al.,
2019). The size of the vacuole increases during cell expansion, occupying up to 90% of a cellular
volume. Accordingly, the dynamic regulation of vacuolar size allows plant cells to expand with little
increase of the cytosol (Diinser et al., 2019), maintaining a favorable cell surface to cytosol ratio
during growth. Despite its anticipated importance for fast cellular expansion, very little is known
about how cells scale and coordinate its vacuolar size during the highly dynamic process of cell
enlargement (Dlnser et al., 2015; Kriiger and Schumacher, 2017). Actin- and myosin-dependent
vacuolar constrictions define the vacuolar occupancy of the cell (Scheuring et al., 2016). On the
other hand, vacuolar size could also relate to the control of vesicle trafficking, because the
phytohormone auxin defines cell size in a soluble N-ethylmaleimide-sensitive-factor attachment
receptor (SNARE)-dependent manner (Léfke et al., 2015). The vacuolar SNARE complex,
consisting of R-SNARE VAMP711, Qa-SNARE SYP22, Qb-SNARE VTI11, as well as Qc-
SNAREs SYP51 and SYP52, regulates hetero and homotypic membrane fusion at the tonoplast
(Fujiwara et al., 2014). Auxin stabilizes vacuolar SNAREs in a posttranslational manner and vti71
mutant vacuoles are resistant to the auxin effect on vacuoles, leading to auxin resistant root growth
(Lofke et al., 2015).

Despite our molecular knowledge on vesicle trafficking towards the vacuole (Krtiger
and Schumacher, 2017), very little is known about the rate regulation of membrane delivery to the
vacuole, its dynamics, and possible implication for cellular expansion. In this project we
hypothesized that the interference with vacuolar SNARESs could aid us to visualize the rate and
importance of membrane delivery to vacuole. Mutations in the vacuolar SNARE subunit VT/11
leads to strongly affected, roundish, and partially fragmented vacuoles (Yano et al., 2003; Zheng
et al., 2014; Lofke et al., 2015). Despite the strongly affected vacuolar morphology, the root length,
as well as the size of fully elongated epidermal cells of untreated vti11 mutants, were hardly
distinguishable from wild type seedlings (Fig. 1 A - D). This finding seemingly questions the
contribution of vacuolar SNARE-dependent membrane fusions at the tonoplast for cellular
expansion. We, however, have proposed that the space-filling function (cellular occupancy) of the
vacuole defines cell size determination (Dunser et al., 2019). Accordingly, we analyzed the cellular

occupancy of the vacuole in the meristematic and elongation zone, using confocal z-stack imaging

2


https://doi.org/10.1101/2021.11.29.470358

bioRxiv preprint doi: https://doi.org/10.1101/2021.11.29.470358; this version posted November 30, 2021. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

69 and 3-D renderings in epidermal atrichoblast cell files (Fig. 1 E). Although vti11 mutant vacuoles
70  are morphologically distinct from wild-type vacuoles (Yano et al., 2003; Zheng et al., 2014; Lofke
71  etal., 2015), cellular occupancy of the vacuole in epidermal root cells was not distinguishable from
72 wild-type (Fig. 1 F). This finding suggests that compensatory mechanisms, including the
73 roundness of vti11 mutant vacuoles, ensure the required cellular occupancy of the vacuole and,
74  thereby, likely safeguards cell expansion.
75 VTI11 and VTI/12 are able to substitute each other in their respective SNARE
76  complexes with the vti11 vti12 double mutants being lethal (Surpin et al., 2003). In order to
77  overcome genetic redundancy as well as lethality in the crucial control of vesicle trafficking towards
78  the vacuole, we conducted a small molecule screen with the aim to identify compounds impacting
79  on SNARE-dependent delivery of vesicles to the vacuole. For our primary screen, we germinated
80 seedlings constitutively expressing the vacuolar R-SNARE marker pUBQ10::YFP-VAMP711 in
81  growth medium supplemented with bioactive chemicals from a library of 360 compounds, which
82 likely affect cell expansion in planta (Drakakaki et al., 2011) (Fig. 2 A). We subsequently employed
83 a fluorescence binocular to identify compounds that intensified the YFP-VAMP711 signal (Fig. 2
84  B). In a secondary, CLSM (confocal laser scanning microscopy)-based validation screen, we
85 recorded vacuolar morphology changes in the samples treated with the compounds in comparison
86  to solvent (control) treatments (Fig. 2 C, Suppl. Fig. 1 A). Thereby, we isolated 12 small molecules
87  (Suppl. Fig. 1 A, B) that affected YFP-VAMP711 and vacuolar morphology (Suppl. Fig. 1 A), which
88  we thus named Vacuole Affecting Compounds (VACs) 1-12.
89 Especially VACA1 (N-[(2,4-Dibromo-5-hydroxyphenyl)methylideneamino]-2-
90 phenylacetamide) had a striking effect on vacuolar morphology (Suppl. Fig. 1 A) and induced
91 ectopic accumulation of vacuolar SNARE marker YFP-VAMP711 adjacent to the main vacuole
92 (Fig. 2 C). Due to the possibly hydrolysable acylhydrazone bond in VAC1, we wondered whether
93  VAC1 could be potentially metabolised in planta into some of its sub-structures or other metabolic
94  products. VAC1 can be synthesized from (and potentially decompose back into) 2,4-dibromo-5-
95 hydroxybenzaldehyde and phenylacetic acid hydrazide, but the application of these substances
96 (here referred to as precursors) did not cause any alterations to vacuolar morphology (Suppl. Fig.
97 2 A). We also analyzed the potential VAC1 conversion to phenylacetic acid (PAA), because it is a
98 naturally occurring compound with auxin activity (Abe et al., 1974). The ultra-high performance
99 liquid chromatography—selected ion recording—mass spectrometry (UHPLC-SIR-MS) analysis
100 detected VAC1, but not PAA in VAC1-treated seedlings (Suppl. Fig. 2 B-D). We conclude that
101  VACH1 is not detectably converted to PAA under our conditions, suggesting an alternative mode of
102  action. On the other hand, in VAC1-treated samples the UHPLC-UV-MS analysis revealed three
103  additional peaks for potential VAC1 metabolites (M1-M3) with a retention time of 4.37 min, 5.26
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104 min and 5.39 min for M1, M2 and M3, respectively (Suppl. Fig 2 E-F). High-resolution mass
105  spectrometry (HRMS) was then employed to identify these metabolites based on exact mass
106  determination and characteristic distribution of bromine isotopes (Suppl. Fig. 2 G). Metabolite M1
107  was predicted to be the hydroxylated form (VAC-OH, Rt 4.37 min, [M-H]: 424.9129 Da, calculated
108  elemental composition C1sH11Br.N2O3) and the other two derivatives relate to glycosylated forms.
109  The detected compound M2 likely represented VAC1-3-O-glucoside (VAC1-Glc, Rt 5.26 min, [M-
110 H7): 570.9716 Da, Cz1H2Br:N.O7) and M3 was identified as VAC1-3-O-(6-O-acetylglucoside)
111 (VAC1-AcGlc, Rt 5.39 min, C23H24BraN2Og, [M-H™]: 612.9805 Da) (Suppl. Fig. 2 G). Using UHPLC-
112 UV (Amax= 291 nm for all compounds), we then revealed VAC1-AcGlc (56.3 + 0.8 %) as the most
113 abundant metabolite, followed by VAC1-Glc (31.3 + 0.4 %) and VAC1 (12.4 + 0.6 %), while the
114 UV signal of hydroxylated VAC1-OH (< 0.1 %) was close to the detection limit of the photodiode
115  array detector used (Suppl. Fig. 2 H). This set of data shows that a substantial amount of VAC1
116  undergoes glycosylation in planta, which could affect its activity in long-term experiments.

117 Next, we used structurally related derivatives of VAC1, termed VAC1-analogue
118 (VAC1A), to further address whether the entity of VAC1 is required for its effects on vacuolar
119  morphology (Suppl. Fig. 3 A). At the concentration and treatment time used for the subcellular
120 effect of VAC1 (10 uM for 2.5 h), solely VAC1A4, which displays an additional hydroxy group,
121  induced severe vacuolar morphology defects (Suppl. Fig. 3 B). The cellular effects of VAC1A4
122 were, however, visually distinct from VAC1. While short term (2.5 h) VAC1A4 treated cells
123 appeared viable (based on the intact extracellular propidium iodide staining) (Suppl. Fig. 3 B), the
124  main root growth did not resume after wash-out (Suppl. Fig. 3 C), indicating some degree of
125  toxicity. On the other hand, interference with either the phenyl-group or the functional groups of
126  the 2,4-dibromo-5-hydroxybenzaldehyde reduced the activity of VAC1 (Suppl. Fig. 3 B). At higher
127  concentrations (25 uyM and 50 uM), VAC1A2 and VAC1A5 also impacted to some degree on
128  vacuolar morphology, while VAC1A1 and VAC1A3 appeared largely inactive in regards to vacuolar
129  morphology (Suppl. Fig. 3 B). These results imply that the entity of VAC1 (phenyl- as well as the
130  benzaldehyde rings) contributes to its effect on vacuolar morphology.

131 Next, we addressed the subcellular effects of VAC1 on the endomembrane system.
132 When compared to YFP-VAMP711, we observed similar VAC1 effects on vacuolar morphology
133 and protein mislocalization in pUBQ10::pHGFP-VTI11- and pSYP22::SYP22-GFP-expressing
134  seedlings (Fig. 2 C). This finding suggests that VAC1 generally interferes with the localization of
135 the SNARE complex. To further address whether this VAC1 effect disrupts vesicle trafficking to
136  the vacuole, we next employed the styryl dye FM4-64 (Scheuring et al., 2015). The endocytic
137  tracer FM4-64 initially labels the plasma membrane and is rapidly internalized following the

138  endocytic pathway, eventually staining the vacuolar membrane (Scheuring et al., 2015). Tonoplast
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139  labelling with FM4-64 was observed after 3 hours following the pulse staining in mock-treated
140  seedlings (Fig. 3 A). Strikingly, staining of the vacuolar membrane was absent in VAC1 treated
141  samples and instead FM4-64 accumulated in VAC1 bodies (Fig. 3 A). This piece of data
142  demonstrates that VAC1 treatments prevent the fusion of FM4-64 positive endocytic vesicles to
143  the central vacuole. Next, we inspected plasma membrane resident proteins BRI1-GFP, PGP19-
144  GFP and NPSN12-GFP, expecting a fraction of these proteins transiting to the vacuole for lytic
145  degradation (Kleine-Vehn et al., 2008). When compared to the ectopic FM4-64 accumulations,
146  the examined lines showed comparably weak, but clearly detectable VAC1-induced aggregation
147  of the fluorescently tagged proteins, which were absent in the solvent control treatments (Fig. 3
148  B). This finding corroborates our assumption that VAC1 interferes with vesicle trafficking to the
149  vacuole. Moreover, we conclude that VAC1 does not disrupt endocytic trafficking. In agreement,
150 VACH1 did not visibly affect clathrin light chain marker CLC-GFP and F-actin marker Lifeact-venus
151  (Fig. 3 C), suggesting that basic cellular functions, such as endocytosis and the actin cytoskeleton
152  likely remain unaffected by VAC1 treatments. In agreement, also early and late endosome marker
153  lines, such as GOT1-YFP, VHA-a1-GFP and RABF2A-YFP, were not visibly affected upon VAC1
154  administration (Fig. 3 D). This set of data suggests that early vesicle sorting towards the vacuole
155 is likely not disturbed.

156 Next, we used Brefeldin A (BFA), which is a specific inhibitor of ARF-GEFs
157  (guanine-nucleotide exchange factors for ADP-ribosylation factor GTPases), to block endocytic
158 trafficking at the level of the trans-Golgi network (TGN). FM4-64 accumulation into VAC1 bodies
159  (labelled by SYP21-GFP) was significantly reduced in BFA co-treatments (Fig. 3 E, F), suggesting
160 that VAC1 affects vesicle trafficking downstream of the TGN.

161 The TGN functions as a sorting hub, selectively allowing membranes to transit via
162  the multivesicular bodies (MVBs) or MVB independent trafficking routes to the vacuole. We,
163  subsequently, used the PI3- and Pl4-kinase inhibitor wortmannin (WM) to pharmacologically
164 interfere with the function of the MVBs (also called pre-vacuolar compartments (PVCs) in plants)
165 (Kleine-Vehn et al., 2008) (Fig. 3 G, H). WM application did not affect the FM4-64 signal intensities
166  in VAC1 bodies, which implies MVB/PVC-independent membrane trafficking towards the VAC1
167 bodies (Fig. 3 G, H). In contrast, signal intensities of BRI1-GFP in the VAC1 bodies were
168  significantly reduced in WM and VAC1 co-treatments when compared to VAC1 treatments alone
169 (Fig. 3 G, H). These results demonstrate that VAC1 interferes with processes downstream of
170  MVB/PVC-dependent, but also MVB/PVC-independent, vesicle trafficking routes to the vacuole.
171 To further decipher the VAC1 effect, we next addressed its dependency on the
172 CLASS C CORE VACUOLE/ENDOSOME TETHERING (CORVET) and HOMOTYPIC FUSION
173 AND PROTEIN SORTING (HOPS) machineries (Takemoto et al., 2018), because these
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174 membrane tethering complexes supply the vacuolar SNAREs with heterotypic (endosomal
175  derived) and homotypic (vacuole derived) membranes, respectively. The dexamethasone (DEX)-
176  inducible amiRNA lines that target either the CORVET-specific subunit VPS3 or the HOPS-specific
177  subunit VPS39 enable the selective repression of the CORVET and HOPS complex, respectively
178 (Takemoto et al., 2018). The transcriptional repression of CORVET or HOPS inhibits root growth
179  (Fig. 4 A, B and Suppl. Fig. 4 A, B). In agreement, seedlings germinated on VAC1 containing
180 media also displayed reduced main root growth (Fig 4 A, B and Fig. 4 F, G), suggesting that
181  vesicle trafficking to the vacuole contributes to root growth. Homotypic membrane fusion unlikely
182  contributes to the VAC1 effect, because VPS39 depleted roots remained fully sensitive to VAC1
183  (Suppl. Fig. 4 A-C). In contrast, the repression of CORVET function induced a partially resistant
184  root growth to VAC1 (Fig. 4 A-C), suggesting that defects in heterotypic vesicle trafficking towards
185  the vacuole contribute to the VAC1-dependent interference with root growth. To visualize vacuolar
186  morphology and subcellular VAC1 effect after CORVET repression, we used the YFP-VAMP711
187  marker crossed to the dexamethasone (DEX)-inducible VPS3 amiRNA line (Takemoto et al.,
188 2018). The conditional knockdown of VPS3 had no visible effect on the distribution of
189  pUBQ10::YFP-VAMP711 and the VPS3 deprived cells remained sensitive to VAC1-induced
190 aberrations in VAMP711 localization (Fig. 4 D). This set of data suggests that CORVET-dependent
191  vesicle tethering functions upstream of VAC1-sensitive processes.

192 We, accordingly, propose that VAC1 primarily interferes with vesicle fusion at the
193  tonoplast downstream of heterotypic vesicle tethering complex. In agreement, VAC1 treated wild
194  type cells remarkably resembled the vacuolar morphology of untreated vti77 mutants (Fig. 4 E)
195 and, hence, we subsequently addressed the contribution of vacuolar SNARE VT/11 to the VACA1
196  effect. We concluded that VAC1 attenuates root growth rates in a VTI11-dependent manner,
197  because when compared to wild type seedlings the vti17 mutant roots were resistant to VAC1
198  (Fig. 4 F-H). On the other hand, VAC1 application still induced alterations in VAMP711 localization
199 in the vti11 mutant background (Fig. 4 E). We accordingly conclude that VAC1 interferes with
200 SNARE-dependent membrane delivery to the vacuole, but that VTI11 is not the sole or main target
201  of VAC1, assuming other molecular targets and/or functional redundancy at the level of vacuolar
202  SNAREs.

203 Considering that VAC1 interferes with vacuolar SNARE-dependent vesicle
204  trafficking to the vacuole, this pharmacological tool hence allowed us to address the importance
205  of vesicle trafficking towards the vacuole in elongating cells. We subsequently used VAC1 to
206  visualize the rate of endocytic trafficking to the vacuole in early and late meristematic as well as
207 early and late elongation zones. We used FM4-64 for pulse labelling of the plasma membranes
208  (Suppl. Fig. 5 A and B) and observed that elongating cells displayed higher FM4-64 uptake into
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209 VAC1 bodies when compared to meristematic cells (Fig. 5 A and B). To address if this finding
210 implies higher degree of endocytic membrane delivery into VAC1 bodies during cellular
211 elongation, we similarly used BFA to block endocytic membranes already at the level of the TGN
212 (Kleine-Vehn et al., 2008). In line with the results from VAC1 treatments, BFA bodies also showed
213  greater signal intensities in cells of the elongation zone when compared to cells of the meristem
214  (Fig. 5 C, D). In addition, we performed whole-cell 3-D reconstructions of early and late
215  meristematic cells. While displaying a doubling of cell surface area, the volume of endocytic FM4-
216 64 accumulation in BFA bodies quadrupled in late meristematic cells compared to early
217  meristematic cells (Fig. 5 E, F). We, hence, propose that enhanced endocytic trafficking correlates
218  with elongation.

219 Next, we tested whether endocytic trafficking remains enhanced during cellular
220 elongation when we do not apply vesicle trafficking inhibitors. To this end, we quantified the co-
221  localization of FM4-64 with the tonoplast marker YFP-VAMP711 in meristematic and elongating
222 cells (Fig. 5 G). Three hours after the pulse staining of FM4-64 early meristematic cells displayed
223 more plasma membrane labeling when compared to late meristematic and elongating cells (Fig.
224 5 G). Moreover, the co-localization between FM4-64 and YFP-VAMP711 at the vacuolar
225  membrane was significantly lower in the meristematic zone when compared to the elongation zone
226 (Fig. 5 H, I). Taken together, these results indicate that endocytic membrane sorting towards the
227  vacuole undergoes significant rate changes during cellular elongation.

228 Based on our data, it is conceivable that endocytic trafficking may impact cell
229  expansion via its contribution to vacuole size. To approach this, we initially quantified cell and
230  vacuole surface areas of (early and late) meristematic and (early and late) elongating cells using
231 3D reconstructions. We found that the area increase of both cell and vacuole surface is remarkably
232 similar during the course of cell expansion (Fig. 6 A (left panel), B). This result indicates that
233  intensified membrane delivery is not only required at the plasma membrane, but similarly occurs
234  at the tonoplast during cellular growth. Accordingly, not only actin- and myosin-dependent
235  vacuolar unfolding (Scheuring et al., 2016), but also membrane delivery contributes to vacuolar
236  size control. Our data, moreover, propose that cell and vacuolar enlargements are coordinated
237  during rapid cellular expansion. To address this coordinative mechanism, we applied VAC1 and
238  employed whole-cell 3D reconstructions (Fig. 6 A (right panel)). Within only 2.5 hours, VAC1
239 induced an already detectable imbalance of cell and tonoplast surface size (Fig. 6 C).

240 In summary, our set of data demonstrates (I) enhanced endocytic trafficking to the
241  vacuole during cellular elongation and (ll) that VAC1-reliant interference with SNARE-dependent
242  vesicle fusion at the tonoplast impairs the coordination of plasma membrane and tonoplast surface

243  area increase during cell enlargements.
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244 Our data propose that the dynamic regulation of endocytic trafficking is contributing
245  to the vacuole size increase, which could have an impact on rapid cell expansion rates.

246 To address this, we used VAC1 to temporally block the vesicle fusion to the tonoplast during cell
247  expansion. Accordingly, we mounted Col-0 seedlings in VAC1 or solvent (control) containing slide
248 chambers and immediately inspected root growth under these conditions using confocal
249  microscopy. VAC1-induced without a further delay a slower root growth (tip displacement) (Fig. 6
250 D, E), which correlated with reduced cellular expansion rates (Fig. 6 F, G) when compared to the
251  solvent control. Accordingly, we conclude that vesicle trafficking to the vacuole is required for fast
252  cellular expansion rates.

253 Here, we isolated and characterized VAC1, which interferes with the final steps of
254  membrane delivery to the tonoplast. The molecular target of VAC1 is unknown, but the structure-
255  activity assessment suggests that the entirety of the compound is contributing to its activity,
256  possibly insulating a complex mode of VAC1 action. Our data suggest that VAC1 disrupts
257  heterotypic vesicle delivery to the tonoplast. It is tempting to speculate that VAC1 interferes with
258 possibly several subunits of the vacuolar SNARE complex or yet to be identified accessory
259  proteins. Accordingly, in-depth characterization of the mode of VAC1 action could reveal
260 intermolecular mechanisms of vesicle fusion at the tonoplast.

261 We used VAC1 to visualize the rate of vesicle trafficking towards the vacuole and
262  thereby revealed intense reprogramming of endocytic membrane trafficking to the vacuole.
263  Mechanistically, we show that endocytic trafficking is accelerated at the onset of elongation,
264  suggesting that plasma membrane derived vesicles at least in part fuel the size increase of the
265 vacuole. The development of this pharmacological tool allowed us to reveal the importance of
266  vacuolar surface increase for cell expansion and overall root growth. The enhanced internalization
267  of plasma membranes during cell expansion is somewhat counterintuitive, because it slows down
268  the theoretically possible cell surface increase. On the other hand, this compromise model of
269  vesicle trafficking based enlargements of plant cells allows the steady increase in vacuolar
270  occupancy of the cell, which enables growth with little de novo synthesis of cytosolic components.
271 This coordinated membrane flow mechanism appears to synchronize cell and vacuolar surface
272  increase, which is likely the reason why plant cells excel in the speed of cellular expansion. It
273  remains to be seen how plant cells molecularly reprogram and monitor the rate of endocytic
274  trafficking for ensuring fast cellular elongation.

275


https://doi.org/10.1101/2021.11.29.470358

bioRxiv preprint doi: https://doi.org/10.1101/2021.11.29.470358; this version posted November 30, 2021. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

276  Figure legends

277

278  Figure 1. Vacuolar occupancy of the cell defines cell expansion.

279  (A) Representative images (scale bars: 0.5 cm) and (B) quantification of the main root length of 6-
280 day-old Col-0 (n = 36) and vti11 seedlings (n = 32). Student’s t-test (ns).

281  (C) Representative images (scale bars: 25 um) of differentiated atrichoblast cells. Seedlings were
282  stained with propidium iodide (PI) (red) for 30 min in liquid medium prior image acquisition. (D)
283  Boxplots show cell length quantification of 6-day-old Col-0 (n = 53) and vti11 (n = 59) seedlings.
284  Student’s t-test (ns).

285  (E) 3D reconstructions of Pl-stained cell walls (grey) and BCECF-stained vacuoles (magenta) in
286 the early and late meristem and in the early and late elongation zone. Scale bars: 5 ym. (F)
287  Boxplots show vacuolar occupancy of cells in the defined zones (n = 7 — 16). Student’s t-test (ns).
288

289  Boxplots: Box limits represent 25" percentile and 75" percentile; horizontal line represents
290 median. Whiskers display min. to max. values. Data points are individual measured values.

291  Representative experiments are shown.

292

293

294  Figure 2. Bioactive small molecule screen identifies VAC1 as a vacuole affecting
295 compound.

296  (A) Schematic depiction of the small molecule screen workflow. pUBQ10::YFP-VAMP711 seeds
297  were germinated in liquid medium containing solvent control DMSO or 360 small molecules from
298  a library of bioactive compounds.

299 (B) 4-day-old seedlings were then screened for intensified YFP-VAMP711 signal using a
300 fluorescence binocular.

301 (C) Representative images of the CLSM-based confirmation screen. Cell wall and vacuolar
302 membrane in late meristematic atrichoblast cells were visualized with Pl (green) and
303 pUBQ10:YFP-VAMP711 (yellow), pSYP22::SYP22-GFP (yellow) or pUBQ10::pHGFP-VTI11
304  (yellow), respectively. Scale bars: 5 um.

305

306

307 Figure 3. VAC1 interferes with vesicle trafficking to the vacuole.

308 (A) Tonoplast and plasma membrane of late meristematic atrichoblast cells was visualized with
309 FM4-64 (red) and pUBQ10::NPSN12-YFP (green), respectively. 6-day-old seedlings were pre-
310 treated with DMSO or 10 uM VAC1 for 30 min., then pulse-stained with 4 yM FM4-64 for 5 min
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311 and subsequently transferred to liquid medium containing DMSO or 10 uM VAC1 for 3 h. Scale
312  bars: 5 um.

313  (B) Representative images of 6-day-old seedlings of plasma membrane marker lines pBRI1::BRI1-
314  GFP (yellow), pPGP19::PGP-19-GFP (yellow) and pUBQ10::NPSN12-YFP (yellow). Seedlings
315  were treated with DMSO or 10 uM VAC1 for 2.5 h in liquid medium. Scale bars: 5 ym.

316  (C) Representative images of 6-day-old seedlings of CLC-GFP (green) and Lifeact-venus (yellow)
317  marker lines. Seedlings were treated with DMSO or 10 yM VAC1 for 2.5 h in liquid medium. Scale
318 bars: 5 um.

319 (D) Representative images of 6-day-old WAVE18Y (pUBQ10:GOT1-YFP) (yellow),
320 pVHAa1:VHAa1-GFP (yellow) and WAVE7Y (pUBQ10::RABF2a-YFP) (yellow) treated with
321 DMSO or 10 yM VACH1 for 2.5 h in liquid medium. Cell walls were counter-stained with PIl. Scale
322  bars: 5 um.

323 (E) 6-day-old p35S::SYP21-GFP (green) seedlings were pulse stained with 4 uyM FM4-64 (red) for
324 5 min and subsequently pre-treated with 25 yM BFA for 30 min before adding 10 uM VAC1 or
325  solvent control for another 60 min. The treatments were conducted in liquid medium. Scale bars:
326 5 ym. (F) Boxplots show mean grey values of FM4-64 fluorescence signal in VAC1 bodies in
327 VAC1 (n=24)or VAC1 + BFA (n = 24) treatments. Student’s t-test (****P < 0.0001).

328 (G) 6-day-old pBRI1::BRI1-GFP (green) seedlings were pulse stained with 4 uM FM4-64 (red) for
329 5 min and subsequently pre-treated with 33 yM WM for 30 min before adding 10 yM VAC1 or
330 solvent control for another 60 min The treatments were conducted in liquid medium. Scale bars:
331 5 uym. (H) Boxplots show mean grey values of FM4-64 or BRI1-GFP fluorescence signal in VAC1
332 bodies in VAC1 (n = 29 for FM4-64, n = 29 for BRI1-GFP) or VAC1 + WM (n = 28 for FM4-64, n =
333 28 for BRI1-GFP) treatments. Student’s t-test (****P < 0.0001).

334

335 Boxplots: Box limits represent 25" percentile and 75" percentile; horizontal line represents
336 median. Whiskers display min. to max. values. Data points are individual measured values.

337 Representative experiments are shown.

338

339

340 Figure 4. VAC1 specifically interferes with vacuolar SNARE-dependent vesicle fusion to the
341 tonoplast.

342  (A) Representative images (scale bars: 0.5 cm) and (B) quantification of main root length of 7-
343  day-old amiR Vps3 seedlings germinated on solvent control medium (DMSO, n =27), 10 uM VACA1
344  (n=25), 30 yM Dexamethasone (DEX, n = 19) or 10 yM VAC1 and 30 yM DEX (n =17). One-way
345  ANOVA with Tukey’s multiple comparisons test (b: P < 0.0001, c: P < 0.0001, dto aand b: P <
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346 0.0001). (C) Boxplots show relative growth of VAC1 samples (compared to DMSO) and DEX +
347 VAC1 samples (compared to DEX). Student’s t-test (***P = 0.0002).

348 (D) Representative images of late meristematic atrichoblast cells in amiR Vps3 x pUBQ10::YFP-
349 VAMP711 seedlings. Seedlings were grown for 4 days, then transferred to plates containing
350  solvent control (DMSO) or 30 uM DEX for another 3 days und subsequently treated for 2.5 h with
351 DMSO, 30 uM DEX, 10 uM VAC1 or VAC1 + DEX, respectively, in liquid medium. Scale bars: 5
352 um.

353  (E) Representative images of late meristematic atrichoblast cells of pUBQ10::YFP-VAMP711 in
354  wild-type and vti11 background. Pl (green) and pUBQ10::YFP-VAMP711 (yellow) depict cell wall
355 and vacuolar membrane, respectively. 6-day-old seedlings were treated with solvent control
356 (DMSO) or 10 uM VAC1 for 2.5 h in liquid medium. Scale bars: 5 pm.

357 (F) Representative images (scale bars: 0.5 cm) and (G) boxplots showing main root length of 6-
358 day-old Col-0 and vti11 seedlings grown on solvent control (DMSO) (n = 23 for Col-0, n = 17 for
359  wvti11) or 20 uM VAC1 (n = 17 for Col-0, n = 15 for vti11) plates. 2way ANOVA indicated interaction
360 (P = 0.0053). Statistical significance was determined by one-way ANOVA with Tukey’s multiple
361 comparisons test (b: P < 0.0006). (H) Boxplots show relative growth of Col-0 and vti11 on 20 yM
362 VAC1 (compared to DMSO). Student’s t-test (**P = 0.0051).

363

364 Boxplots: Box limits represent 25" percentile and 75™ percentile; horizontal line represents
365 median. Whiskers display min. to max. values. Data points are individual measured values.

366 Representative experiments are shown.

367

368

369  Figure 5. Endocytic trafficking is enhanced at the onset of cellular elongation.

370  (A) Representative maximum z-projection (scale bar: 50 ym) of 6-day-old Col-0 roots. Seedlings
371  were pre-treated with 10 uM VAC1 for 30 min before staining in 4 yM FM4-64 (red) for 30 min
372  Seedlings were then de-stained for 1.5 h and subsequently treated with 10 uM VAC1 for 3 h before
373  image acquisition. The treatments and the staining were conducted in liquid medium. (B) Boxplots
374  showing mean grey values of FM4-64 fluorescence signal in VAC1-bodies in early (n = 12) and
375 late (n = 12) meristematic cells as well as in the early (n = 11) and late (n = 8) elongation zone.
376  One-way ANOVA with Tukey’s multiple comparisons test (b: P = 0.0002, c: P < 0.0001).

377  (C) Representative maximum z-projection (scale bar. 50 um) of 6-day-old Col-0 roots. Seedlings
378  were pulse-stained in 4 yM FM4-64 (red) for 5 min and subsequently transferred to 25 yM BFA
379  for 30 min prior to image acquisition. Staining and treatment was done in liquid medium. (D)

380 Boxplots showing mean grey values of FM4-64 fluorescence signal in BFA-bodies in early (n = 9)
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381 and late (n = 9) meristematic cells as well as in the early (n = 9) and late (n = 9) elongation zone.
382  One-way ANOVA with Tukey’s multiple comparisons test (b to a (early meristem): P = 0.0123, ¢
383 toa:P<0.0001,ctob: P=0.0178).

384 (E) 3D reconstructions of plasma membrane (pUBQ10::NPSN12-YFP, green) and BFA bodies
385  (red)in early (left) and late (right) meristematic cells. 6-day-old pUBQ10::NPSN12-YFP seedlings
386  were pulse-stained with 4 yM FM4-64 for 5 min and subsequently transferred to 50 uM BFA for 2
387  h prior image acquisition. Staining and treatment was done in liquid medium. Scale bars: 5 ym.
388  (F) Boxplots depict fold change of cell surface area (n = 10) and BFA body volume (n =10) in late
389  meristematic cells when compared to early meristematic cells.

390 (G) Representative images of early and late meristematic cells and cells of the early and late
391 elongation zone. 6-day-old pUBQ10::YFP-VAMP711 seedlings were pulse-stained with 4 yM
392 FM4-64 for 5 min and subsequently de-stained in liquid medium for 3 h before image acquisition.
393  Overlay of YFP-VAMP711 (green, upper panel) and FM4-64 (red, middle panel) fluorescence
394  signals is shown in the lower panel. Scale bar: 10 um. Note: Images are assembled on white
395 background. (H) Representative scatter plots depict co-localization of YFP-VAMP711 and FM4-
396 64 in cells of the early and late meristem and in the early and late elongation zone. (I) Boxplots
397  show Rtotal of co-localization between YFP-VAMP711 and FM4-64 in early (n = 9) and late (n =
398  9) meristematic cells and in the early (n = 9) and late (n = 9) elongation zone.

399

400 Boxplots: Box limits represent 25" percentile and 75" percentile; horizontal line represents
401 median. Whiskers display min. to max. values. Data points are individual measured values.

402  Representative experiments are shown.

403

404

405  Figure 6. Coordinated surface increase at PM and tonoplast during cell elongation.

406  (A) 3D reconstructions of propidium iodide (Pl)-stained cell walls (grey) and BCECF-stained
407  vacuoles (magenta) in the early and late meristem and in the early and late elongation zone. Scale
408 bars: 5 um.

409 (B) and (C) Boxplots show cell and vacuole surface areas in the defined zones and indicated
410 treatments. 6-day-old Col-0 seedlings were treated with solvent control (DMSO, n = 8) or 10 uM
411  VAC1 (n = 9) for 2.5 h in liquid medium. Student’s t-test (early meristem: **P = 0.0018, late
412 meristem: **P = 0.0073, early elongation: *P = 0.0423).

413 (D) Representative images (scale bars: 100 pm) of maximum z-projections of 6-day-old
414  pUBQ10:NPSN12-YFP (yellow) seedlings. Seedlings were mounted on agar blocks containing
415  solvent control (DMSO) or 20 uM VAC1 in chamber slides. t0 represents the first and t165 the last
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416 image acquisition time point, given in minutes after mounting. Note: Images are assembled on
417  black background. (E) Boxplots show root tip displacement of DMSO (n = 18) and VAC1 (n = 19)
418  treated samples at the end of the 165 min time frame. Student’s t-test (****P < 0.0001).

419 (F) Representative images (scale bars: 25 pm) of maximum z-projections of 6-day-old
420 pUBQ10::NPSN12-YFP (yellow) seedlings. Seedlings were mounted on agar blocks containing
421  solvent control (DMSO) or 20 uM VAC1 in chamber slides. t0 represents the first and t165 the last
422  image acquisition time point, given in minutes after mounting. Note: Images are assembled on
423  black background. (G) Boxplots show cell lengths of DMSO (n = 15) and VAC1 (n = 15) treated
424  samples at the beginning and the end of the 165 min time frame. One-way ANOVA with Tukey’s
425  multiple comparisons test (b to a: P < 0.0001, b to ¢c: P =0.0013, cto a: P =0.0012).

426

427

428  Supplemental Figure legends

429

430 Supplemental Figure 1. Bioactive small molecules impact vacuolar morphology.

431  (A) Cell wall and vacuolar membrane in late meristematic atrichoblast cells were visualized with
432 cell wall stain propidium iodide (Pl) (green) and pUBQ10::YFP-VAMP711 (yellow). 6-day-old
433  seedlings were treated with solvent control (DMSO) or VAC1 (7.5 uM, 1 h), VAC2 (7.5 uM, 5 h),
434 VAC3 (5 uM, 5 h), VAC4 (23.3 uM, 5 h), VAC5 (10 uM, 5 h), VACG6 (50 uM, 5 h), VAC7 (7.5 uM,
435 1 h), VAC8 (7.5 uM, 2.5 h), VAC9 (100 uM, 5 h), VAC10 (100 pM, 2.5 h), VAC11 (25 uM, 5 h),
436 VAC12 (100 uM, 6 h) in liquid medium. Scale bars: 5 ym.

437  (B) Table shows compound IDs, full name and chemical structure.

438

439

440  Supplemental Figure 2. Characterization of VAC1 stability in planta.

441  (A) Cell wall and vacuolar membrane in late meristematic atrichoblast cells were visualized with
442 Pl (green) and pUBQ10::YFP-VAMP711 (yellow). 6-day-old seedlings were treated with solvent
443  control (DMSO) or 10 yM VAC1, 10 uM Precursor 1 or 10 uM Precursor 2, respectively, in liquid
444  medium. Scale bar: 5 ym.

445  (B) 6-day-old seedlings were treated with DMSO or 10 yM VAC1 for 2.5 h in liquid medium, flash-
446  frozen in liquid nitrogen and subsequently extracted by liquid-liquid extraction (Pafizkova et al.,
447  2021). Quantification of VAC1 and PAA levels was performed by UHPLC-UV-MS system
448  operating in selected ion recording (SIR) mode and calculated from an external calibration using
449  a recovery factor. No PAA was detected in DMSO- and VAC1-treated seedlings. Values are
450 means + SD, n =3 for DMSO and n =5 for VAC1 treatment.
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451  (C) Representative SIR chromatograms of PAA and VAC1 comparing retention times obtained by
452  measuring a standard mixture (top ion chromatogram) with analysis of plant extract (bottom ion
453  chromatogram).

454 (D) The potential of VAC1 to be metabolized into free auxin PAA (green rectangle) by cleavage of
455  the peptide bond (red rectangle) was not confirmed.

456  (E) UV chromatograms (Amax= 291 nm) of DMSO- and VAC1-treated plant extracts obtained in (B)
457  revealed peaks, additional to VAC1 (retention time: 6.65 min), corresponding to three unidentified
458  metabolites M1, M2 and M3 eluting from the LC column at 4.37 min, 5.26 min and 5.39 min,
459  respectively.

460 (F) Representative extracted-ion chromatograms of VAC1 and M1-M3 metabolites with their
461  respective retention times and precursor masses were obtained by UHPLC-UV-MS analysis in
462  negative full scan mode from DMSO- and VAC1-treated plant extracts.

463 (G) HRMS spectra of three VAC1 metabolites M1-M3. All metabolites were identified using an
464  UHPLC-HRMS method based on correlation of the theoretical monoisotopic weights of
465  deprotonated forms [M-H] and detected exact masses of each precursor of M1-M3 as well as
466  based on the presence of two bromine stable isotopes (°Br and 8'Br) in VAC1 structure showing
467  the characteristic isotope pattern of dibromo derivatives.

468  (H) Predicted chemical structures of VAC1 metabolites and their distribution (%) in extracts of 6-
469 day-old seedlings treated with 10 yM VAC1 for 2.5 h in liquid medium. The percentage
470 representation of metabolites was determined by the integration of respective peaks in the
471  UHPLC-UV chromatograms (Amax = 291 nm). Values are means + SD (n = 5). The VAC1
472  metabolites were identified as VAC1-OH (M1), VAC1-Glc (M2) and VAC1-AcGlc (M3). The color
473  rectangles display the metabolite changes in VAC1 structure (hydroxylation/glycosylation) in the
474  presumable positions.

475

476

477  Supplemental Figure 3. Characterization of VAC1-derivatives.

478  (A) Structural formulas of the examined VAC1-derivatives (VAC1As).

479  (B) Cell wall and vacuolar membrane in late meristematic atrichoblast cells were visualized with
480 Pl (green) and pUBQ10::YFP-VAMP711 (yellow). 6-day-old seedlings were treated with solvent
481  control (DMSO) or indicated concentrations of VAC1 and VAC1As, respectively, for 2.5 h in liquid
482  medium. Scale bar: 5 ym.

483  (C) Representative images and quantification of main root length after compound treatment. 5-
484  day-old seedlings were treated with 25 yM DMSO, VAC1, Precursors and VAC1As, respectively,

485  for 2.5 h in liquid medium. The seedlings were then transferred to agar plates and scanned at the
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486  timepoints indicated. Scale bars: 0.5 cm. Graph shows average root length values with s.e.m. at
487  indicated timepoints.

488

489

490  Supplemental Figure 4. VPS39-deprived roots are sensitive to VAC1.

491 (A) Representative images (scale bars: 0.5 cm) and (B) quantification of main root length of 7-
492  day-old amiR vps3 seedlings germinated on solvent control medium (DMSO, n = 22), 10 uM VAC1
493 (n =17), 30 uM DEX (n = 16) or 10 yM VAC1 and 30 uM DEX (n = 19), respectively. One-way
494  ANOVA with Tukey’s multiple comparisons test (b: P < 0.0001, c: P < 0.0001). (C) Boxplots show
495  relative growth of VAC1 samples (compared to DMSO) and DEX + VAC1 samples (compared to
496  DEX). Student’s t-test (ns).

497

498  Boxplots: Box limits represent 25™ percentile and 75™ percentile; horizontal line represents
499  median. Whiskers display min. to max. values. Data points are individual measured values.

500 Representative experiments are shown.

501

502

503 Supplemental Figure 5. FM4-64 evenly stains transversal plasma membranes in the
504 meristem and elongation zone.

505 (A) Representative images (scale bars: 10 um) of 6-day-old Col-0 seedlings that were pulse
506 stained with 4 yM FM4-54 (red) for 5 min in liquid medium before image acquisition. (B)
507 quantification of FM4-64 fluorescence signal of transversal plasma membranes in the early (n =
508 5) and late (n = 5) meristem and in the early (n = 5) and late (n = 5) elongation zone. One-way
509  ANOVA with Tukey’s multiple comparisons test (ns).

510

511 Boxplots: Box limits represent 25" percentile and 75™ percentile; horizontal line represents
512  median. Whiskers display min. to max. values. Data points are individual measured values.

513  Representative experiments are shown.

514

15
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515 Material and methods

516

517  Plant material and growth conditions

518 Experiments were carried out in A. thaliana (Col-0 ecotype). The following plant lines were
519 described previously: vti11 (zizag) (Yano et al., 2003), pUBQ10::VAMP711-YFP (WAVE9Y)
520 (Geldner et al, 2009), pUBQ10::pHGFP-VTI11 (Takemoto et al., 2018), pSYP22::SYP22-GFP in
521  syp22 background (Uemura et al.,, 2010), pBRI1::BRI1-GFP (Kleine-Vehn et al.,, 2008),
522  pPGP19::PGP19-GFP (Dhonukshe et al., 2008), pUBQ10::NPSN12-YFP (WAVE131Y) (Geldner
523 etal, 2009), CLC-GFP (lto et al., 2012), p35S::Lifeact-venus (Era et al., 2009), pUBQ10::GOT1-
524  YFP (WAVE18Y) (Geldner et al., 2009), pVHAa1::VHAa1-GFP (Dettmer et al., 2006),
525 pUBQ10::RABF2a-YFP (WAVETYY) (Geldner et al., 2009), p35S::SYP21-GFP (Robert et al.,
526  2008), amiR vps3 (Takemoto et al., 2018), amiR vps39 (Takemoto et al., 2018), pUBQ10::YFP-
527 VAMP711 amiR vps3 (Takemoto et al., 2018). vti11 pUBQ10::YFP-VAMP711 was obtained by
528 crossing. Seeds were stratified at 4°C for 2 days in the dark and were grown on vertically
529  orientated 'z strength Murashige and Skoog (MS) medium plates containing 1% sucrose under a
530 long-day regime (16 h light/8 h dark) at 20—22°C.

531

532  Chemicals

533  All chemicals were dissolved in dimethyl sulfoxide (DMSQO) and applied in solid or liquid %2 MS
534  medium. FM4-64 was obtained from Invitrogen/Thermo Fisher Scientific (MA, USA), propidium
535 iodide (Pl) and dexamethasone (DEX) from Sigma (MO, USA), 2',7'-Bis(2-carboxyethyl)-5(6)-
536  carboxyfluorescein acetoxymethyl ester (BCECF-AM) from Biotium (CA, USA), Wortmannin (WM)
537  from MedChemExpress (NJ, USA) and Brefeldin A (BFA) from Alfa Aesar (MA, USA). VAC1 (N-
538  [(2,4-Dibromo-5-hydroxyphenyl)methylideneamino]-2-phenylacetamide, ID 5326213), VAC1A1
539  (2-phenyl-N'-(2,4,6-tribromo-3-hydroxybenzylidene)acetohydrazide, ID 5326215), VAC1A2 (N'-(2-
540  bromo-5-hydroxybenzylidene)-2-phenylacetohydrazide, ID 5326212), VAC1A3 (N'-(2,4-dibromo-
541  5-hydroxybenzylidene)-2-(1-naphthyl)acetohydrazide, ID 5575792), VAC1A4 (N'-(2,4-dibromo-5-
542  hydroxybenzylidene)-2-hydroxy-2-phenylacetohydrazide, ID 5568198) and VAC1A5 (N'-(3,5-
543  dibromo-4-hydroxybenzylidene)-2-phenylacetohydrazide, ID 5326129) were obtained from
544  ChemBridge/Hit2Lead (CA, USA) (https://www.hit2lead.com/search.asp?db=SC).

545

546 VAC1

547 VAC1 used in this study was either obtained from ChemBridge/Hit2Lead (CA, USA)
548  (https://www.hit2lead.com/search.asp?db=SC, ID 5326213) or synthesized in-house as described

549 in VAC1 synthesis (see below). We performed LC-MS analysis to determine the similarity of
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550 synthesized and commercially available VAC1. HPLC chromatograms and MS spectra of the
551  synthesized VAC1 were identical to the ones of the reference VAC1. The purity of the synthesized
552  VAC1 (99.2 %) was higher than that of the purchased VAC1 (98.2 %). The IUPAC (International
553  Union of Pure and Applied Chemistry) nomenclature was adapted to the VAC1 molecule (N-[(2,4-
554  Dibromo-5-hydroxyphenyl)methylideneamino]-2-phenylacetamide) throughout the manuscript,
555 however an alternative name for VAC1 (N'-(2,4-dibromo-5-hydroxybenzylidene)-2-
556  phenylacetohydrazide) is used by the manufacturer Chembridge/Hit2Lead.

557

558 VAC1 synthesis

H OH
OR N
b NH, Br
o) > o ]
1 R=H 3 |
a d N Br
C 2 R=Et > HN
o)
H
Ha o) c o
> - VAC1
Br Br

4 5
559
560 Scheme 1 Preparative route to VAC1. Reaction conditions: a) EtOH, cat. Fex(S0.4)3/H2SO4, reflux,
561 3.5 h, 87 %; b) N2Hs'nH20 (50-60% N2H4), MeOH, rt, 24-72 h, 68%; c) Br. (2.12 eq.), DCM, rt, 22
562  h, 64 %; d) EtOH, reflux, 3 h, 76 %.
563
564  Experimental
565  Starting reagents 3-hydroxybenzaldehyde 4 and hydrazine hydrate were purchased from Sigma-
566  Aldrich and phenylacetic acid 1 was purchased from Merck. These reagents were used as
567  received without further purification.
568  Synthesis of 5 was accomplished by following the respective procedure in Kallmann et al., 2014
569 and 2 was prepared adapting Liang et al., 2004.
570  TLC was run on Silica 60 glass plates (Merck). Low-resolution mass-spectra were obtained on an
571  Agilent 6340 lon Trap instrument. For m/z values, the most abundant isotope of the isotope
572  distribution is reported.
573  Ethyl phenylacetate (2)

17


https://doi.org/10.1101/2021.11.29.470358

bioRxiv preprint doi: https://doi.org/10.1101/2021.11.29.470358; this version posted November 30, 2021. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

574 A solution of 1 (4.08 g, 30 mmol) in abs. ethanol (150 ml) containing 50 mg of equimolar mixture
575  of iron (lll) sulfate and concentrated sulfuric acid was held at reflux for 3.5 h until no starting
576  material was visible on TLC. Ethanol was distilled off and the residue was dissolved in DCM,
577  washed with saturated aqueous solution of sodium bicarbonate, dried with anh. magnesium
578  sulfate, stripped of solvent and purified by distillation in vacuo (bp 105-108°C at 13 Torr) to afford
579 2 as colorless liquid. Yield: 4.3 g (87%).

580  Phenylacetic acid hydrazide (3)

581  Hydrazine hydrate (2.81 ml, 45-54 mmol) was added dropwise to a solution of 2 (4.0 g, 24 mmol)
582 in methanol (28 ml) and the mixture was agitated at rt for 24-72 h until complete consumption of
583 the ester (TLC). Excess solvent was removed by distillation and, upon cooling, the residue
584  crystallized as long thin needles. The mass was crushed, washed on a glass filter with cold water
585 and recrystallized from 90% aq. ethanol. Yield: 3.0 g (82%) before and 2.5 g (68%) after
586  recrystallization.

587  2,4-Dibromo-5-hydroxybenzaldehyde (5)

588  To a solution of 4 (1.0 g, 8.2 mmol) in DCM (10 ml) was slowly added elemental bromine (2.78 g

589  17.4 mmol) and the reaction mixture was stirred at rt for 22 h. The reaction progress was monitored
590 by HPLC. Upon completion, the reaction was quenched by dropwise addition of 15% aq. sodium
591 thiosulfate (4.8 ml), stirred at rt for 1 h and filtered. The filter cake was washed with water (2x5 ml)
592 and dissolved in acetic acid (6.4 ml) at 95°C. After cooling to 50°C, water (3.4 ml) was added
593  dropwise to a stirred solution, resulting in crystallization of the product. The crystals were stirred
594  for 4 h at 15°C, filtered, washed with water (2x5 ml) and dried. Yield: 1.68 g (73%). The product
595  (pink crystals) was additionally purified by vacuum sublimation, affording 5 as white crystalline
596  powder (1.48 g, 64%). m/z (ESI"): 278.8 [M-H].

597  N-[(2,4-Dibromo-5-hydroxyphenyl)methylideneamino]-2-phenylacetamide (VAC1)

598 A mixture of 3 (0.53 g, 3.53 mmol) and 1.02 eq of 5 in 9.6 ml of ethanol was held at reflux for 3 h

599  until complete consumption of the starting material (TLC). Upon cooling, a copious white

600 precipitate of the title compound was formed. It was filtered, washed with petroleum ether and
601 dried. The final product was additionally purified by recrystallization from ethanol. Yield 1.1 g
602  (76%). m/z (ESI): 410.9 [M-H]-.

603

604  UHPLC-UV-(SIR)MS

605 To determine the conversion of VAC1 into free PAA, 6-day-old seedlings were treated with DMSO
606  or 10 uM VAC1 for 2.5 h in liquid medium and then flash-frozen in liquid nitrogen. The extraction
607 and quantification methods for both analytes were optimized based on the previously described
608 method (Pafizkova et al., 2021). Briefly, the plant samples (~30 mg FW) were extracted into 100%
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609 methanol and purified using liquid-liquid extraction method into 900 pL of extraction solution
610  (methanol:H20: hexane — 1:1:1), evaporated and dissolved in 50 uL of 100% methanol. 2 yL of
611  each sample were injected onto the reversed-phase column (Kinetex C18 100A, length 50 mm,
612  diameter 2.1 mm, particle size 1.7 ym; Phenomenex, CA, USA) and analysed by an Acquity UPLC
613 H-Class System (Waters, Milford, MA, USA) coupled with an Acquity PDA detector (scanning
614  range 190-400 nm with 1.2 nm resolution) and a single quadrupole mass spectrometer QDa MS
615 (Waters MS Technologies, Manchester, UK) equipped with an electrospray interface (ESI). The
616  analytes were eluted from the column within 9-min-linear gradient of 10:90 to 95:5 A:B using 0.1%
617  acetic acid in methanol (A) and 0.1% acetic acid in water (B) as mobile phases at a flow rate of
618 0.5 ml.min-1 and column temperature of 40 °C. After every analysis, the column was washed with
619  95% methanol and then equilibrated to initial conditions (1.0 min). Both analytes were detected by
620  Selected lon Recording (SIR) using the positive and negative electrospray modes (ESI+ and ESI-
621 )asfollows: VAC1 detected as [M+H]+, m/z411.0 and PAA as [M-H]-, m/z 135.0. The MS settings
622  were optimized as follows: Source Temperature, 120 °C; Desolvation Temperature, 600 °C;
623  Capillary Voltage, 0.8 kV. Chromatograms were processed by MassLynx V4.2 software (Waters)
624  and quantification was performed from external calibration using a recovery factor. Additionally,
625 M1-M3 metabolites of VAC1 were detected using a full-scan mode (m/z 50-1000) operated in ESI-
626  with post-data-aquistion extraction of ion chromatograms for m/z 425.0, 571.0 and 613.0 for M1,
627 M2 and M3, respectively. To determine the distribution of VAC1 metabolites, the UV
628 chromatograms were extracted for Amax (291 nm) and the percentage representation of
629 metabolites in plant extracts was determined by the integration of peak areas in respective
630 retention times (M1, 4.37 min; M2, 5.26 min; M3, 5.39 min; VAC1, 6.65 min).

631

632 UHPLC-HRMS

633  Samples of DMSO- and VAC1-treated plants were prepared as described above (UHPLC-SIR-
634 MS). Plant extracts (2 pL) were injected onto a Kinetex C18 column and separated using
635 chromatographic conditions as described above. The high-resoluion mass spectrometry (HRMS)
636  analysis was achieved by a hybrid Q-TOF tandem mass spectrometer Synapt G2-Si (Waters MS
637 Technologies) as described previously (Bucek et al., 2018). Briefly, the effluents were introduced
638 into the HRMS instrument (ESI-; Capillary Voltage, 0.75 kV; Source Offset, 30 V;
639 Desolvation/Source Temperature, 550/120°C; Desolvation/Cone Gas Flow, 1000/50 | hr-1;
640 LM/HM Resolution, 2.8/14.75; lon Energy 1/2, 0.5/1.0 V; Entrance/Exit Voltages, 0.5 V; Collision
641  energy, 6 eV). The determination of exact mass was performed by the external calibration using
642 lock spray technology and a mixture of leucine/encephalin (1 ng.pl-1) in an acetonitrile and water

643 (1 : 1) solution with 0.1% formic acid as a reference. Data acquisition was performed in full-scan
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644  mode (50-1000 Da) with a scan time of 0.5 s and all analytes were detected as [M-H]— in the MS
645  spectrum. All data were processed using MassLynx 4.1 software (Waters). The accurate masses
646  of VAC1 metabolites were calculated and then used to determine the elemental composition of
647  the analytes with a fidelity ranging from 1.6 to 2.6 ppm. The VAC1 metabolites were identified
648 based on correlation of the theoretical monoisotopic weights of deprotonated forms [M-H]- and
649  detected accurate masses of each precursor of M1-M3 as well as based on the presence of two
650 bromine stable isotopes (79Br and 81Br) in HRMS spectrum resulting the characteristic isotope
651  pattern of dibromo derivatives.

652

653 Phenotype analysis

654  Vacuolar occupancy and vacuole surface area as well as cell surface area and BFA body volume
655 was quantified in 6 days old seedlings. For 3D reconstructions of cells, confocal images were
656  processed using Imaris (vacuolar occupancy of cells, BFA bodies, vacuole and cell surface) as
657 described previously (Dunser et al., 2019). BCECF staining was performed as described
658  previously (Scheuring et al, 2015). For the analysis of main root growth, 6-day-old seedlings were
659  used, unless indicated otherwise. For the analysis of main root growth of amiR vps3 and amiR
660  vps39 seedlings were grown for 4 days before transfer to DMSO, DEX, VAC1 or DEX + VACA1
661 and then grown for additional 3 days. Plates were scanned and root length assessed using
662 Imaged. Selection of pUBQ10::YFP-VAMP711 amiR vps3 seedlings for confocal microscopy
663  analysis was done as described previously (Takemoto et al., 2018).

664

665 Confocal Microscopy

666  For image acquisition a Leica TCS SP5 (DM6000 CS) or a Leica SP8 (DMi8) confocal laser-
667  scanning microscope, equipped with a Leica HCX PL APO CS 63 x 1.20 water-immersion
668  objective, was used. GFP and BCECF were excited at 488 nm (fluorescence emission: 500-550
669 nm), YFP and FM4-64 at 514 nm (fluorescence emission YFP: 525-578 nm; fluorescence
670  emission FM4-64: 670-790 nm), and Pl at 561 nm (fluorescence emission: 644—753 nm). Roots
671  were mounted in Pl solution (0.02 mg/mL) for the counterstaining of cell walls. Z-stacks were
672  recorded with a step size of 420 nm (for 3D reconstructions) or 1.5 um (for maximum projections
673  of VAC1 bodies).

674

675  3-D reconstruction of cells

676  Imaris 8.4.0 and 9.0 were used for the reconstruction of cell, vacuole and BFA body volumes.
677 Based on the Pl channel, every 3rd slice of the z-stack was utilised to define the cell borders using

678 the isoline, magic wand or manual (distance) drawing functions in the manual surface creation
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679  tool. After creating the surface corresponding to the entire cell, a masked channel (based on
680 BCECF or FM4-64) was generated by setting the voxels outside the surface to 0. Subsequently,
681  a second surface (based on the masked BCECF or FM4-64channel) was generated automatically
682  with the smooth option checked. Surface detail was set to identical values within each region (early
683  and late meristem and early and late elongation zone) to ensure comparability of obtained surface
684  area values. The obtained surface was visually compared to the underlying BCECF or FM4-64
685 channel and, if necessary, the surface was fitted to the underlying signal by adjusting the absolute
686 intensity threshold slider. Finally, volumes and surface areas of both surfaces were extracted from
687 the statistics window.

688

689  Small molecule screen

690 Roughly 20 pUBQ10::YFP-VAMP711 seeds were germinated in 12 well plates with each well
691  containing 1.5 ml liquid Y2 MS+ supplemented with solvent control (DMSO) or 50 yM of small
692 molecules. 4-day-old seedlings were screened for enhanced fluorescence signal using a
693  fluorescence binocular. 12 hit compounds were further examined using confocal microscopy (see
694  Suppl. Fig. 1 A, B). The small molecules used for the primary screen were identified as inhibitors
695  of tobacco pollen germination (Drakakaki et al., 2011).

696

697 Quantification of VAC1- and BFA bodies

698  Maximum z-projections of 3 — 8 slices (step size 1.5 um) and a ROl of 5 ym x 5 ym were used for
699  quantification of the FM4-64 fluorescence signal. 4 — 10 roots were quantified with 3 bodies per
700  root.

701

702  Colocalization analysis

703  Quantification of colocalization was done using Imaged. 2 — 3 atrichoblast cells in the specified
704  regions were used per root. The area was marked and cropped (Image > Crop), subsequently the
705  surrounding of the cell was cleared (Edit > Clear outside) and the channels were split (Image >
706  Color > Split channels). Colocalization (Analyze > Colocalization > Colocalization threshold) was
707 analyzed and the values for Rtotal as well as the scatter plots were extracted.

708

709  Time course experiments

710  Seedlings were mounted on agar blocks containing solvent control DMSO or VAC1. The agar
711  blocks were placed in chamber slides and subsequently installed on an inverted confocal
712 microscope (Leica SP8). Z-stacks (3 — 5 slices, step size: 1.5 ym) were acquired every 10 minutes

713  and maximum z-projections used for quantification of root tip displacement and cell length.
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714  Cell length analysis

715  6-day-old seedlings were used for cell length measurements of differentiated atrichoblasts (Fig. 1
716  C, D). Fully differentiated cells were identified as described previously (Léfke et al., 2015).

717

718

719

720

22


https://doi.org/10.1101/2021.11.29.470358

bioRxiv preprint doi: https://doi.org/10.1101/2021.11.29.470358; this version posted November 30, 2021. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

721  Acknowledgements

722  We are grateful to N. Geldner, S. Robert, K. Schumacher and T. Ueda for sharing published
723  material. The library of 360 bioactive small molecules was kindly provided by N. Raikhel. We thank
724  the BOKU-VIBT Imaging Center and the ZBSA-Life Imaging Center for access.

725  This work was supported by the Ministry of Education, Youth and Sports of the Czech Republic
726  (European Regional Development Fund-Project “Plants as a tool for sustainable global
727  development” No. CZ.02.1.01/0.0/0.0/16_019/0000827 to O. N.), The Austrian Academy of
728  Sciences (OAW) (DOC fellowship to K.D.), Austrian science fund (FWF; P 33044 to J.K.-V.),
729  German Science fund (DFG; 470007283 and CIBSS — EXC-2189 to J.K.-V.), and the European
730 Research Council (ERC; 639478-AuxinER to J.K.-V.).

731

732 Author contributions

733 KD, CL and JK-V designed research. KD, MS, CL and NX conducted experiments. BP and ON
734  performed UHPLC-SIR-MS and UHPLC-HRMS. SM synthesized VAC1. All authors analyzed
735 data. KD and JK-V wrote the manuscript and all co-authors commented on the manuscript.

736

737  Conflict of interest

738  The authors declare that they have no conflict of interest.

739

23


https://doi.org/10.1101/2021.11.29.470358

bioRxiv preprint doi: https://doi.org/10.1101/2021.11.29.470358; this version posted November 30, 2021. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

740 References

741  Abe, H., Uchiyama, M., & Sato, R. (1974). Isolation of phenylacetic acid and its p-hydroxy
742  derivative as auxin-like substances from Undaria pinnatifida. Agricultural and Biological
743 Chemistry, 38(4), 897-898.

744

745  Berger, F., Hung, C. Y., Dolan, L., & Schiefelbein, J. (1998). Control of cell division in the root
746  epidermis of Arabidopsis thaliana. Developmental biology, 194(2), 235-245.

747

748  Bucek, J., Zatloukal, M., Havli€ek, L., Plihalova, L., Pospisil, T., Novak, O., Dolezal, K., & Strnad,
749 M. (2018). Total synthesis of [15N]-labelled C6-substituted purines from [15N]-formamide—easy
750  preparation of isotopically labelled cytokinins and derivatives. Royal Society open science, 5(11),
751  181322.

752

753  Dettmer, J., Hong-Hermesdorf, A., Stierhof, Y. D., & Schumacher, K. (2006). Vacuolar H+-ATPase
754  activity is required for endocytic and secretory trafficking in Arabidopsis. The Plant Cell, 18(3),
755  715-730.

756

757  Dhonukshe, P., Grigoriev, I., Fischer, R., Tominaga, M., Robinson, D. G., Hasek, J., Paciorek, T.,
758  Petrasek, J., Seifertova, D., Tejos, R., Meisel, L. A., Zazimalova, E., Gadella Jr, T. W. J.,
759  Stierhof, Y. D., Ueda, T., Oiwa, K., Akhmanova, A., Brock, R, Spang, A., & Friml, J. (2008).
760  Auxin transport inhibitors impair vesicle motility and actin cytoskeleton dynamics in diverse
761  eukaryotes. Proceedings of the National Academy of Sciences, 105(11), 4489-4494.,

762

763  Drakakaki, G., Robert, S., Szatmari, A. M., Brown, M. Q., Nagawa, S., Van Damme, D., Leonard,
764 M., Yang, Z., Girke, T., Schmid, S. L., Russinova, E., Friml, J., Raikhel, N., & Hicks, G. R. (2011).
765  Clusters of bioactive compounds target dynamic endomembrane networks in vivo. Proceedings
766  of the National Academy of Sciences, 108(43), 17850-17855.

767

768  Dunser, K., Gupta, S., Herger, A., Feraru, M. |, Ringli, C., & Kleine-Vehn, J. (2019). Extracellular
769  matrix sensing by FERONIA and Leucine-Rich Repeat Extensins controls vacuolar expansion
770  during cellular elongation in Arabidopsis thaliana. The EMBO journal, 38(7), e100353.

771

772  Dunser, K., & Kleine-Vehn, J. (2015). Differential growth regulation in plants—the acid growth
773  balloon theory. Current opinion in plant biology, 28, 55-59.

774

24


https://doi.org/10.1101/2021.11.29.470358

bioRxiv preprint doi: https://doi.org/10.1101/2021.11.29.470358; this version posted November 30, 2021. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

775  Era, A., Tominaga, M., Ebine, K., Awai, C., Saito, C., Ishizaki, K., Yamamoto, K. T., Kohchi, T.,
776  Nakano, A., & Ueda, T. (2009). Application of Lifeact reveals F-actin dynamics in Arabidopsis
777  thaliana and the liverwort, Marchantia polymorpha. Plant and Cell Physiology, 50(6), 1041-1048.
778

779  Fujiwara, M., Uemura, T., Ebine, K., Nishimori, Y., Ueda, T., Nakano, A., Sato, M. H., & Fukao, Y.
780  (2014). Interactomics of Qa-SNARE in Arabidopsis thaliana. Plant and Cell Physiology, 55(4),
781  781-789.

782

783  Geldner, N., Dénervaud-Tendon, V., Hyman, D. L., Mayer, U., Stierhof, Y. D., & Chory, J. (2009).
784  Rapid, combinatorial analysis of membrane compartments in intact plants with a multicolor marker
785  set. The Plant Journal, 59(1), 169-178.

786

787 Ito, E., Fujimoto, M., Ebine, K., Uemura, T., Ueda, T., & Nakano, A. (2012). Dynamic behavior of
788  clathrin in Arabidopsis thaliana unveiled by live imaging. The Plant Journal, 69(2), 204-216.

789

790 Kallman, N. J., Liu, C., Yates, M. H., Linder, R. J., Ruble, J. C., Kogut, E. F., Patterson, L. E.,
791  Laird, D. L., & Hansen, M. M. (2014). Route design and development of a MET kinase inhibitor: A
792  copper-catalyzed preparation of an N 1-methylindazole. Organic Process Research &
793  Development, 18(4), 501-510.

794

795  Kleine-Vehn, J., Leitner, J., Zwiewka, M., Sauer, M., Abas, L., Luschnig, C., & Friml, J. (2008).
796  Differential degradation of PIN2 auxin efflux carrier by retromer-dependent vacuolar
797  targeting. Proceedings of the National Academy of Sciences, 105(46), 17812-17817.

798

799  Kruger, F., & Schumacher, K. (2017). Pumping up the volume - vacuole biogenesis in Arabidopsis
800 thaliana. Semin Cell Dev Biol., 2018 Aug;80:106-112. doi: 10.1016/j.semcdb.2017.07.008. Epub
801 2017 Jul 8. PMID: 28694113.

802

803 Liang, Y. M., Xu, Q. H., Wu, X. L., & Ma, Y. X. (2004). Fe2 (SO4) 3- 4H20/concentrated H2SO4:
804 an efficient catalyst for esterification. Journal of Chemical Research, 2004(3), 226-227.

805

806 Lofke, C., Dunser, K., Scheuring, D., & Kleine-Vehn, J. (2015). Auxin regulates SNARE-dependent
807  vacuolar morphology restricting cell size. Elife, 4, e05868.

808

25


https://doi.org/10.1101/2021.11.29.470358

bioRxiv preprint doi: https://doi.org/10.1101/2021.11.29.470358; this version posted November 30, 2021. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

809 Marshall, W. F., Young, K. D., Swaffer, M., Wood, E., Nurse, P., Kimura, A., Frankel, J.,
810  Wallingford, J., Walbot, V., Qu, X., & Roeder, A. H. (2012). What determines cell size?. BMC
811  biology, 10(1), 1-22.

812

813 Owens, T., & Poole, R. J. (1979). Regulation of cytoplasmic and vacuolar volumes by plant cells
814  in suspension culture. Plant physiology, 64(5), 900-904.

815

816  Parizkova, B., Zukauskaite, A., Vain, T., Grones, P., Raggi, S., Kubes, M. F., Kieffer, M., Doyle,
817 S. M, Strnad, M., Kepinski, S., Napier, R., Dolezal, K., Robert, S., & Novak, O. (2021). New
818 fluorescent auxin probes visualise tissue-specific and subcellular distributions of auxin in
819  Arabidopsis. New Phytologist, 230(2), 535-549.

820

821 Robert, S., Chary, S. N., Drakakaki, G., Li, S., Yang, Z., Raikhel, N. V., & Hicks, G. R. (2008).
822  Endosidin1 defines a compartment involved in endocytosis of the brassinosteroid receptor BRI1
823 and the auxin transporters PIN2 and AUX1. Proceedings of the National Academy of
824  Sciences, 105(24), 8464-8469.

825

826  Scheuring, D., Loéfke, C., Krlger, F., Kittelmann, M., Eisa, A., Hughes, L., Smith, R. S., Hawes, C.,
827  Schumacher, K., & Kleine-Vehn, J. (2016). Actin-dependent vacuolar occupancy of the cell
828 determines auxin-induced growth repression. Proceedings of the National Academy of
829  Sciences, 113(2), 452-457.

830

831  Scheuring, D., Scholler, M., Kleine-Vehn, J., & Loéfke, C. (2015). Vacuolar staining methods in
832  plant cells. In Plant cell expansion (pp. 83-92). Humana Press, New York, NY.

833

834  Surpin, M., Zheng, H., Morita, M. T., Saito, C., Avila, E., Blakeslee, J. J., Bandyopadhyay, A.,
835 Kovaleva, V., Carter, D., Murphy, A., Tasaka, M., & Raikhel, N. (2003). The VTI family of SNARE
836  proteins is necessary for plant viability and mediates different protein transport pathways. The
837  Plant Cell, 15(12), 2885-2899.

838

839 Takemoto, K., Ebine, K., Askani, J. C., Krliger, F., Gonzalez, Z. A., Ito, E., Goh, T., Schumacher,
840 K., Nakano, A., & Ueda, T. (2018). Distinct sets of tethering complexes, SNARE complexes, and
841 Rab GTPases mediate membrane fusion at the vacuole in Arabidopsis. Proceedings of the
842  National Academy of Sciences, 115(10), E2457-E2466.

26


https://doi.org/10.1101/2021.11.29.470358

bioRxiv preprint doi: https://doi.org/10.1101/2021.11.29.470358; this version posted November 30, 2021. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

843  Uemura, T., Morita, M. T., Ebine, K., Okatani, Y., Yano, D., Saito, C., Ueda, T., & Nakano, A.
844  (2010). Vacuolar/pre-vacuolar compartment Qa-SNAREs VAM3/SYP22 and PEP12/SYP21 have
845 interchangeable functions in Arabidopsis. The Plant Journal, 64(5), 864-873.

846

847  Yano, D., Sato, M., Saito, C., Sato, M. H., Morita, M. T., & Tasaka, M. (2003). A SNARE complex
848  containing SGR3/AtVAM3 and ZIG/VTI11 in gravity-sensing cells is important for Arabidopsis
849  shoot gravitropism. Proceedings of the National Academy of Sciences, 100(14), 8589-8594.

850

851 Zheng, J., Han, S. W., Rodriguez-Welsh, M. F., & Rojas-Pierce, M. (2014). Homotypic vacuole
852  fusion requires VTI11 and is regulated by phosphoinositides. Molecular plant, 7(6), 1026-1040.

27


https://doi.org/10.1101/2021.11.29.470358

FI ure 1Jioinv preprint doi: https://doi.org/10.1101/2021.11.29.470358; this version posted November 30, 2021. The copyright holder for this
g preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

B C
3 Col-0 vti11
: 00+
5 2 E 300
= . =
B i £
2 $ S
g =
= 8 100
0 T I 0 T T
Col-0 vti11 Col-0 vti11
E
meristem elongation
early late early late
F
120 1 Col-0 /vt
100

0. TE
iié% TR

20

occupancy [%]

0 T T T T
early late early late
meristem elongation


https://doi.org/10.1101/2021.11.29.470358

FI ure 2ioinv preprint doi: https://doi.org/10.1101/2021.11.29.470358; this version posted November 30, 2021. The copyright holder for this
g preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

small molecule screen for
vacuole affecting compounds VAMP711  VTI11 SYP22

o
S

-
- Br
e =

e

-- - OH O
Br ‘: (é)
¥1J N o o
BN A\ £ =
A (= )
=S <
Nl o
Bl (G /s ‘—_H = m
L\ 4 a
A A W’ B\ m 6



https://doi.org/10.1101/2021.11.29.470358

FI ure 3ioinv preprint doi: https://doi.org/10.1101/2021.11.29.470358; this version posted November 30, 2021. The copyright holder for this
g preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

A B C Lifeact-venus D
" PG NPSZ CLC cortical _ _subcortical RHA1

\

LE/PVC

SYP21 FM4-64 merge BRI FM4-64 merge

II

VAC1
VAC1

VAC1 + BFA
VAC1 + WM

F H
) 3 VAC1 £ VAC1T + WM
200 = FM4-64 150
é 150 ‘ Tg;
100
>
; : *kkk > “
2 100 > o 2| Y
5 BE o ]
[} 50 [}
; : o=
0 0

| T
VAC1 VAC1 +BFA BRI1-GFP FM4-64


https://doi.org/10.1101/2021.11.29.470358

FI ure &ioinv preprint doi: https://doi.org/10.1101/2021.11.29.470358; this version posted November 30, 2021. The copyright holder for this
g preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

A

amiR vps3

root length [cm]

(vii11)

VAMP711
|

DMSO

VAC1

root length [cm]

D (amiR vps3)

ek

200
T 150
£
‘3 100 !
()] Y
foos 1
0 T T
N N
& R
+)(
0({’
H
1 DMSO [ VAC1
2.0+ 150
15 2 a -
@ b b 2 100+
I —
Ha f
> 50
0.5 e
0.0 : T 0
Col-0 vti11

T T
Col-0  wti11


https://doi.org/10.1101/2021.11.29.470358

FI ure 5ioinv preprint doi: https://doi.org/10.1101/2021.11.29.470358; this version posted November 30, 2021. The copyright holder for this
g preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

c
o
2
©
o
<
o
[}

meristem

FM4-64 + VACA

meristem

meristem

VAMP711

early

meristem

mean grey value

late

250
200 b
150

100 a

o &

I T

early late early late
elongation

meristem

elongation

early
elongation

late

fold change
[late meristem/early meristem]
N

Rtotal of colocalization

1.0
0.8
0.6
0.4
0.2
0.0
-0.2

C
S
8
©
(o))
c
o
[}

meristem

D
FM4-64 + BFA
150
c
5 b
= al
S 100
>
2
o a a
& 50
(]
=
0 . . T T
early late early late
meristem elongation
1
H
cell surface BFA body
area volume
VAMP711
FM4-64
M merge

early late early late
meristem elongation


https://doi.org/10.1101/2021.11.29.470358

FI ure eioinv preprint doi: https://doi.org/10.1101/2021.11.29.470358; this version posted November 30, 2021. The copyright holder for this
g preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

A B
DMSO VAC1 6000, — cell surface 3 vacuole surface
DMSO
&' 4000 é
£
Q =
5 ©
e
5 2000- é é
e
: sd *F
g 0 I T I T
& early late early late
® c meristem elongation
§ 6000, 1 cell surface 3 vacuole surface
(0]
VAC1
&' 4000
£
=
o @ *
©
£~ g
5 & 2000 @
k] *x
g * % %I é
>
g T
0 I I I I
early late early late
meristem elongation
D DMSO VACA1 E
t0 1165 t0 1165
[ I 'g 500
=
= 400
g T Fedkk
§ 300 | T
s T
2 200 H
T 2
' S 100 T
\d §
- 0- T T
DMSO VAC1
F G
DMSO VAC1
t0 1165 10 [ DMSO [ VAC1
500
b
— 400
[ c
=
‘= 300
ﬂé,’ a a
2 d
3
© 100
0

T T
t0 t165


https://doi.org/10.1101/2021.11.29.470358

) { i Frpg://goi.org/10.1101/2021.11.29.470358; this version posted November 30, 2021. The copyright holder for this
SUPplemﬁmmmgﬂlﬁn t Certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.



https://doi.org/10.1101/2021.11.29.470358

SupplerErHFEIgHrsy,

i.0rg/10.1101/2021.11.29.470358; this version posted November 30, 2021. The copyright holder for this
rtified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

VAC Compound ID Name Chemical structure
1 5326213 N-[(2,4-Dibromo-5-hydroxyphenyl) @AW\?\/@ M
(Chembridge) methylideneamino]-2-phenylacetamide ‘ 2 “
OH
HsC A 40
Qo)
2 LAT001G08 monensin sodium salt i H g
oo Y Lo
HC= Y~ CHa “CHy
Na0” So s
l \/ CH,
3 5522797 1H-indole-3-carbaldehyde-(3,7-dimethyl-2- : fj‘\
(Chembridge) quinolinyl)hydrazone }
< /Z )
LA
4 6247148 2'-({[4-(benzyloxy)phenyl]lamino}carbonyl)- O ‘
(Chembridge) 2-biphenylcarboxylic acid
5 6972268 3-methyl-1-phenyl-1H-thieno[2,3-
(Chembridge) c]pyrazole-5-carboxylic acid
methyl-7-(4-chlorophenyl)-4-(2,3-
LATO13B11 / g tyh { h I)Z )t/h) |5(
imethoxyphenyl)-2-methyl-5-oxo-
6 5717972
1,4,5,6,7,8-hexahydro-3-
(Chembridge)
quinolinecarboxylate :
)
LATO29E10 / N1-[4-(trifluoromethyl)phenyl]-4-(2,5-dioxo- ! /@/N |
7 Maybridge 2,5-dihydro-1H-pyrrol-1-yl)benzene-1-
GK01394 sulfonamide
8 6272659 4-{2-[5-(3-fluorophenyl)-2-furyllvinyl}-6-
(Chembridge) (trifluoromethyl)-2(1H)-pyrimidinone
ethyl-7-(2,5-dimethoxyphenyl)-5-methyl-
6887835 a Y Y Y
9 4,7-dihydro[1,2,4]triazolo[1,5-a]pyrimidine-
(Chembridge)
6-carboxylate
4-(4-ethoxyphenyl)-3-{[2-ox0-2-(1- W
2677433 ( yphenyl)-3-{[ (
10 pyrrolidinyl)ethyl]thio}-5-(2-phenylethyl)-4H-
(Chembridge)
1,2,4-triazole _j
3-amino-6-(3,4- PN
ST039506 [ ( /Tﬁ/_«%
1 dimethoxyphenyl)thiopheno[2,3-b]pyridin-
(Myria-Tim Tec)
2-yll-N-cyclopropylcar boxamide e’
cl Cl
12 LAT040G08 / N1-(3,5-dichlorophenyl)-5-chloro-2- NH
Maybridge CD06872 hydroxybenzamide d
Cl HO



https://doi.org/10.1101/2021.11.29.470358

) i i [y //doi.org/10.1101/2021.11.29.470358; this version posted November 30, 2021. The copyright holder for this
SupplertEAHFEIGHES

certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

A
Precursor 1 Precursor 2
2,4-Dibromo-5-hydroxybenzaldehyde phenylacetic acid hydrazide
o
N
- HZN\NH
o
OH
Br
B C D
VACT PAA SIR of 2 Channels ES+ "
Treatment (nmol/g FW) (nmol/g FW) | NH N Z OH
n.d. n.d. PAA VAC1 0 1
DMSO n.d. nd.  nd. nd. — 2.27 6.63 or Br
X N
n.d. n.d. - 1";\ [ VAC1
28.98 n.d. 8 & x
5 |
28.47 n.d. é 6.63
VAC1 30.73 30.08 £1.60 n.d. n.d. 0 OH
32.50 n.d. % . . W
29.70 n.d. © 2.0 25 65 7.0 ° PAA
E F
2 DSMO treatment VAC1 treatment
x10 2: Diode Array
3.0 UVmax 291 nm 100 6.66 1: MS ES-
: m/z 409 (VAC1)
2.5 }
|
0[1||1”]|||x{'||x|| IIYYIIY/\{kITIIYJTIT
’\;100 4.37 m/z 425 (M1)
".é 20 539 M3 e \
= / 2 )
(] \ A (
@© ‘ Ao Al /|
% 1.5 5.26 " 2 A “!\MW"M Wy W
-e - . / 3 IllYTlIYTIlIIIIl IYIYYIYIIVIIVYI]
2 <
s P 100 ‘5.26 m/z 571 (M2)
< 1.0 > ”
-—
o
VAC1 & i‘
5-0 Olrllljﬁﬁj'wlll[ ||||h|v|u|
T | | 1
100 5.39 m/z 613 (M3)
|
0.0 |
VAC1 treatment ‘
|
DSMO treatment An I )
_0.5 LA l LB | LELELAL I LI ] LELELAL] I LELELAL] | LA I ' Time o N TT IVIT;Imi T N LI | | TTT 1 |“I I‘I T | L ‘ Tlme

2.50 5.00 7.50 40 50 60 7.0 4050 60 7.0


https://doi.org/10.1101/2021.11.29.470358

SupplenfEsHETIGUES:

G
100 — 426.9110 TOF MS ES-
] [M-H": 424.9142 Da M1
1 CEHINDB2
424.9129 -\ 428.9094 A 1.6 ppm
P .
& i
X ]
N
g
T 1004 Neutral loss (Glc-HD) |2 2969 TOF MS ES-
c 1 _  1620528Da M2
-] «
9 1 410.9154 s70.0706 | /749873
< ] [M-HJ": 570.9721 Da
g 408.9178 { 412.9137 C2H2N207Br2
= ] A -1.8 ppm
o ]
— f o " "
& o LI ' L I L l T L l L l L I
100 149791 1oF Ms ES-
’ M3
1 616.9772
] 612.9805
] [M-HI": 612.9826 Da
] CZHZNDBr2
7 A -2.6 ppm
i Il L d
0 |I LI I T I| T I L L I | L I LI l L I m/z
400 500 700

/doi.org/10.1101/2021.11.29.470358; this version posted November 30, 2021. The copyright holder for this
certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Distribution of VAC1 metabolites [%]

VAC1 124+06
M1 <0.1
M2 31.3x0.4
M3 56.3+0.8

M2 = VAC1-Glc

N"\ / o
N
o
Br Br

HO. OH
OH
0

M3 = VAC1-AcGlc

NN\N =z o 0’ II
Il 0
o
Br

Br


https://doi.org/10.1101/2021.11.29.470358

) i i plpQ//doi.org/10.1101/2021.11.29.470358; this version posted November 30, 2021. The copyright holder for this
SuPpleﬁ@mﬂfWﬂm&g@@t certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.
A

VAC1 VAC1A1 VAC1A2
VAC1A3 VAC1A4 VAC1A5

Br
i 9 H i
SnF ‘ N\N/ @/\[( B2 @
0 I o
0
Br i
oH

VACA1 VAC1A1 VAC1A2

VAC1A3 VAC1A4  VAC1AS

‘ .

C Pre- Pre-
DMSO_VAC1 _cursor2 cursor 1 VAC1A1 VAC1A2 VAC1A3 VAC1A4 VAC1A5

5d
(post-
treatment)

+45h

+92h

J

VAC1 (25 uM)
Precursor 2 (25 uM)
Precursor 1 (25 uM)
VAC1A1 (25 pM)
VAC1A2 (25 pM)
VAC1A3 (25 uM)
VAC1A4 (25 M)
VAC1A5 (25 uM)

w
|

root length [cm]
iy

7

T T
treatment (6d) + 45h +92h

-



https://doi.org/10.1101/2021.11.29.470358

ORY I kriipA//doi.org/10.1101/2021.11.29.470358; this version posted November 30, 2021. The copyright holder for this
Suppleﬁ@nﬁﬁrmﬁ%nﬁ certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

A B C
amiR vps39
APERN 25- 100
_.20- a — 80
z S
= 1.5 % £ 60 +
R M=
= 107 o 40 : =
§05 % @ . ¢ 20 - -+
0.0 T T T T 0 T T
(o) N 4 N N N
\&% Q5 QQ’ 4?‘0 4?'0 4?9
© o o
& &


https://doi.org/10.1101/2021.11.29.470358

) { i ¥l pR//doi.org/10.1101/2021.11.29.470358; this version posted November 30, 2021. The copyright holder for this
Supple'ﬁ%ﬁsﬁfmg&mgné certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

A B
FM4 PM
250+ 64 (PM)
© 200
=2
g
S, 150
g
o
c 100+ B
Q E
€ 50+
0 T T T T
early late early late
meristem  elongation



https://doi.org/10.1101/2021.11.29.470358

