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Appendix Methods

Feeding experiments with 14C-labelled glucose
Five ten-day-old Arabidopsis seedlings were transferred to Erlenmeyer flasks with 5 ml of 10 mM MES-KOH buffer (pH 6.5). Seedlings were fed with 2.32 kBq ml-1 of 1-[14C]- or 6-[14C]- glucose (purchased from Amersham International and Euriso-Top for radiolabeled and stable isotopes, respectively), in the absence or presence of Tyr-Asp (100 μM). Flasks were sealed and shaken at 90 rpm, at 25° C. The evolved 14CO2 was trapped in 0.5 ml of 10 % (w/v) KOH and the level of radiolabel was determined by liquid scintillation counting. The ratio of 14CO2 released from 6-[14C]-glucose and 1-[14C]-glucose is indicative of the relative flux through glycolysis and the oxidative pentose phosphate pathways with lower ratios indicating a preference for the oxidative pentose phosphate pathway and higher ratios for the glycolytic pathway (Nunes-Nesi et al, 2005). Following 35, 70- and 145-min incubation with U-[14C]-glucose, the seedlings were carefully washed in fresh media. Seedling weight was recorded and the information was used during data analysis.

NAD+ and NADP+ measurements in the feeding experiment
Briefly, 50 mg plant material were homogenized with 0.1 mol L-1 HCl for NAD+ or NADP+ determination (six independent replicates) or in 0.1 mol L-1 NaOH for NADH or NADPH determination. After heating in a water bath for 5 min, cooling in an ice bath, and centrifuging for 10 min at 10000 g at 4 °C, supernatants were treated according to the method described in (Gibon & Larher, 1997).

Preparation of a native cellular lysate used in affinity purification (AP) and thermal proteome profiling (TPP) experiments
Nine grams of plant material was collected as described above and pulverized using a pre-cool mortar and pestle, followed by resuspension in 9 mL of lysis buffer (25 mM Tris-HCl, pH 7.5; 0.5 M NaCl; 15 mM MgCl2; 0.5 mM DTT; 1 mM NaF; 1 mM Na3VO4; 1x Protease Inhibitor Cocktail, Sigma-Aldrich P9599, Steinheim, Germany). Cellular debris was removed by 10 min centrifugation at 4000 g (4 ºC). The crude lysate was then subjected to one hour ultracentrifugation at 35000 g (4 ºC) to obtain a soluble fraction referred to as the native Arabidopsis or tobacco lysate. 

Affinity purification
Custom Tyr-Asp agarose beads were purchased from the Cube Biotech (Monheim, Germany). Tyr-Asp was coupled using either the amine (N’ beads) group of Tyr or the carboxylic (C’ beads) group of Asp via an 11-carbon spacer. Beads were equilibrated (lysis buffer) before incubation with the lysate. Lysate was divided in replicates (3 mL each) and incubated with 200 µL of the agarose resin for 1 h on a rotating wheel at 4 ºC (binding). The lysate was subsequently transferred to a Mobicol “Classic” (35 μM pore size filter) column and washed with 10 mL of wash buffer (0.025 M Tris-HCl, pH:  7.5, 0.5 M NaCl). The beads were resuspended in the 400 µL of 1 mM Tyr and 1 mM Asp, followed by 1 h incubation on a rotating wheel at 4 ºC. Beads were washed with the 10 mL of wash buffer. The beads were resuspended in the 400 µL of 1 mM Tyr-Asp, followed by 1 h incubation on a rotating wheel at 4 ºC. Eluate was collected. Proteins were precipitated with pre-cooled acetone (1:4) and further dried in a vacuum concentrator and stored at -20 ºC. For Arabidopsis AP experiments, only proteins detected with at least two unique peptides were included in the analysis. Proteins with LFQ intensity values in at least three samples (out of the six, three for N- and three for C-), at least double the abundance of the intensity in the washes and a MaxQuant score higher than 20 were selected. For tobacco, proteins with at least 1 unique peptide were selected after Progenesis normalization (Moreno et al, 2018). Proteins with normalized abundance values in at least three samples (out of the six, three for N- and three for C-) and 10 times more abundant than the values in the washes were selected. 

Thermal proteome profiling – data analysis
Only proteins quantified with at least two unique peptides in all three replicates were included in the analysis. Raw intensity values were converted to the log2 scale and their distributions across proteins were normalized by centering them to a common median per temperature and treatment group. For each protein, the values were then scaled to the condition-specific mean of the corresponding values at the lowest temperature. Finally, the scaled and normalized values were transformed to a non-negative range by applying the function   to each value. In order to assess the effects of compound treatment, two separate models were fitted per protein. In order to assess the effects of compound treatment, two separate models were fitted per protein (Childs et al, 2019). The null model assumed that the melting curves in both conditions were explained by the same sigmoid mean function (1) , with temperature t, shape parameters a, b, and a lower horizontal asymptote . The alternative model assumed that they were explained by condition-specific functions according to Eq. (1).  Improvements in goodness-of-fit between null and alternative model were then quantified for each protein by an F-statistic (2) . Here,  and  are the sums of squared residuals of the null and alternative models for a particular protein, and  and  are the distribution parameters of the F-distribution, estimated as described by (Childs et al., 2019).  For each protein, a p-value was computed by comparing its F-statistic to an F-distribution with the estimated parameters. All p-values were adjusted for multiple testing by Benjamini-Hochberg correction(Benjamini & Hochberg, 1995). For a total of 2235 proteins a p-value could be computed. Area under the curve (AUC) and melting temperature (Tm) was assigned for 2235 and 1476 proteins, respectively.
MTBE protein and metabolite extraction
MTBE extraction separates molecules into pellet (proteins), organic (lipids) and aqueous (primary and secondary metabolites) phase. Aqueous phase and protein pellets were dried in a centrifugal evaporator and stored at -80 °C until further processing.

Metabolomics (data analysis)
The LC-MS data were processed using Expressionist Refiner MS 11.0 (Genedata AG, Basel, Switzerland). Settings were as follows: chromatogram alignment (RT search interval 0.5 min), peak detection (summation window 0.09 min, minimum peak size 0.03 min, gap/peak ratio 50 %, smoothing window 5 points, centre computation by intensity-weighted method with threshold at 70 %, boundary determination using inflection points), isotope clustering (RT tolerance at 0.015 min, m/z tolerance 5 ppm, allowed charges 1-5), filtering for a single peak not assigned to an isotope cluster, adduct detection and clusters grouping (RT tolerance 0.05 min, m/z tolerance 5 ppm, maximum intensity of side adduct 100000 %). All metabolite clusters were matched to in-house libraries of authentic reference compounds, allowing a 10 ppm mass and dynamic retention time deviation (maximum 0.2 min).  
 
Proteomics
Proteomics measurements (AP). Similar protocols were used for analysis of Arabidopsis and tobacco samples (*). Parameters used for analysis of Tobacco samples are marked with an asterisk. Peptides were resuspended in 50 µL of resuspension buffer (3 % v/v acetonitrile, 0.1 % v/v formic acid). Measurements were executed on a Q Exactive HF coupled to an Easy nLC1000 HPLC (Thermo Scientific). 5 µL of the samples were loaded onto an Acclaim PepMap RSLC reversed-phase column (75 μm inner diameter, 15 cm length, 2 µm bead size at a flow rate of 0.6 µL min-1). The column was previously equilibrated with buffer A (0.1% formic acid in water). Peptide elution was performed by increasing the buffer B (100 % acetonitrile, 0.1 % formic acid) gradient from 0 % to 30 % [v/v] over 25 (73 min)* min, from 30 % to 50 % for the next 10 min (18 min)*, from 50 % to 80 % for the last 10 (6 min) min at a flow rate of 0.25 µL/min. The column was then washed with 80 % [v/v] acetonitrile for 5 min and for the last 4 min column was equilibrated with buffer A. Peptide ions were detected in a full scan from mass-to-charge ratio 150 (300)* to 1600 at resolution of 120000 (AGC target of 3e6. MS/MS scans were performed for the 15 (10)* peptides with the highest MS signal (ddMS2 resolution of 30000 (15000)*, AGC target 1e5, isolation width mass-to-charge ratio 3 m/z (1.2 m/z)*, relative collision energy 30 (27)*). Dynamic exclusion of 30 s was used and apex trigger (- to 9 s) was enabled. Proteomics measurements, (feeding experiment and TPP). The same protocol was used for both the feeding and the TPP experiments. Peptides were resuspended in buffer containing 3 % v/v acetonitrile and 0.1% v/v formic acid. Measurements were executed on a Q Exactive HF coupled to nanoACQUITY UPLC System (Waters). Total of 1 µg of peptides was loaded onto an ACQUITY UPLC M-Class Peptide CSH column (75 μm inner diameter, 25 cm length, 1.7 µm bead size (Waters) at a flow rate of 0.4 μl min-1. The column was previously equilibrated with buffer A (0.1% formic acid in water). Peptide elution was performed by increasing the buffer B (100 % acetonitrile, 0.1 % formic acid) gradient from 0 % to 30 % [v/v] over 65 min, from 30 % to 60 % for the next 20 min from 60 % to 80 % for the last 15 min at a flow rate of 0.25 μl/min. The column was then washed with 80 % [v/v] acetonitrile for 5 min and for the last 5 min column was equilibrated with buffer A. Peptide ions were detected in a full scan from mass-to-charge ratio 300 to 1600 at resolution of 120000 (AGC target of 3e6. MS/MS scans were performed for the 10 peptides with the highest MS signal (ddMS2 resolution of 15000, AGC target 1e5, isolation width mass-to-charge ratio 1.2 m/z, relative collision energy 27). Dynamic exclusion of 30 s was used and apex trigger (- to 9 s) was enabled. Proteomics data analysis. Raw files were submitted to MaxQuant software for protein identification and quantification(Cox & Mann, 2008). Arabidopsis thaliana TAIR10 protein sequences (35386 entries) were used by the search engine Andromeda for identification of peptides. The settings used for a search were the same as in (Kosmacz et al, 2019). The “label-free quantification” and “match between runs” options were selected. A minimum peptide length of six amino acids was used. The quantification was performed for proteins with minimum of one unique and one razor peptide. Known contaminants, such as keratins, were removed from further analysis. Quantification of tobacco proteins was performed using Progenesis QI software (Nonlinear Dynamics) as previously described in Moreno et al. (Moreno et al., 2018). 

Microscopy 
Seeds of YFP-GAPC1, GFP-GAPCP1 and GFP-GPCP2 marker lines were kindly provided by Roc Ros and Sam Wang, from Valencia University and Donald Danforth Center (Guo et al, 2012; Munoz-Bertomeu et al, 2009). Five-day-old seedlings growing on vertical plates (half-strength MS medium supplemented with 1% sucrose and 0.8% agar) in continuous light conditions were transferred to water (as control) or water supplemented with 100 μM Tyr-Asp. 5-10 min vacuum treatment was followed by 1 h incubation. Images were acquired using Leica DM6000B/SP5 and SP8 confocal laser scanning microscope (Leica Microsystems, Wetzlar, Germany). GFP- and YFP-GAPCs signal were observed using excitation of 488 nm laser and emission between 500-520 nm.
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Appendix Figure S1. Tyr-Asp  measured in Arabidopsis seedlings grown in liquid Murashige and Skoog (MS) medium (Murashige & Skoog, 1962). N=20, represents independent flasks.
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Appendix Figure S2. Accumulation of NAD(H), NADP(H), and Tyr-Asp in the Tyr-Asp feeding experiment. (A) A simplified metabolic map of the dominant pathways of carbohydrate oxidation showing the sites of CO2 release from specific atoms of glucose. Not all reactions between metabolic intermediates are shown. The carbon of glucose that is released by decarboxylation reactions are shown in grey. Numbering for enzymes is as follows: 1,6-phosphogluconate dehydrogenase; 2, pyruvate dehydrogenase complex; 3, NAD+-malic enzyme; 4, isocitrate dehydrogenase and 2-oxoglutarate dehydrogenase complex. (B) NADPH concentration. (C) NADP+ concentration. (D) NADH concentration. (E) NAD+ concentration. (F) Results of the two-way ANOVA. A-D Data are mean ± SD of at least n=5 independent seedlings flasks. Significance was assessed using two-way ANOVA (p≤0.05; letters show significance associated with the Tyr-Asp treatment).
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Appendix Figure S3. GAPC1 subcellular localization after Tyr-Asp treatment. (A) Bright field of GAPC1-YFP Arabidopsis roots in the control treatment. (B) Cytosolic subcellular localization of GAPC1 in the control treatment. Scale bar from A-B is equivalent to 25 μm. (C) Bright field of GAPC1-YFP Arabidopsis leaves in the control treatment. (D) Cytosolic subcellular localization of GAPC1 in the control treatment. Scale bar from C-D is equivalent to 50 μm. (E) Bright field of GAPC1-YFP Arabidopsis roots treated with 100 μM Tyr-Asp. (F) Cytosolic subcellular localization of GAPC1 after one hour treatment with 100 μM Tyr-Asp in Arabidopsis roots. (G) Bright field of GAPC1-YFP Arabidopsis leaves treated with 100 μM Tyr-Asp. (H) Cytosolic subcellular localization of GAPC1 after one hour treatment with 100 μM Tyr-Asp in Arabidopsis leaves. Scale bar from E-H is equivalent to 25 μm.
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Appendix Figure S4. GAPCp1 and GAPCp2 subcellular localization after Tyr-Asp treatment. (A-B) Bright and fluorescence field of GAPCp1-GFP Arabidopsis roots in the control treatment. (C,D) Plastid subcellular localization of GAPCp1 in the control treatment, in Arabidopsis leaves. (E-F) Bright and fluorescence field of GAPCp1-YFP in Arabidopsis roots treated with 100 μM Tyr-Asp. (G-H) Cytosolic subcellular localization of GAPCp1 after one hour treatment with 100 μM Tyr-Asp in Arabidopsis leaves. Scale bar from A-H is equivalent to 50 μm. (I-J) Plastid subcellular localization of GAPCp2-GFP Arabidopsis roots in the control treatment. (K-L) Plastid subcellular localization of GAPCp2 in the control treatment, in Arabidopsis leaves. (M-N) Plastid subcellular localization of GAPCp2-YFP in Arabidopsis roots treated with 100 μM Tyr-Asp. (O-P) Plastid subcellular localization of GAPCp2 after one hour treatment with 100 μM Tyr-Asp in Arabidopsis leaves. Scale bar from I-J and m-n is equivalent to 10 μm. Scale bar from K-L and O-P is equivalent to 2 μm.
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Appendix Figure S5. Oxidative stress treatment in Arabidopsis and tobacco plants. (A-E) 2-week-old Arabidopsis and tobacco plants pretreated with Tyr-Asp (100 μM), Tyr and Asp (100 μM), Ser-Leu (100 μM), or Gly-Pro (100 μM) for one hour and exposed to oxidative stress treatments (catechin, hydrogen peroxide and salt). Controls correspond to plants treated with only cathechin (0.175 mM) or H2O2 (50 mM) or NaCl (50 mM) or Tyr-Asp (100 μM). Arabidopsis plants were exposed to catechin and H2O2 for two and one and a half days, respectively. Tobacco plants were exposed to catechin, H2O2 and NaCl for four, two, and six days, respectively. Plants chosen for comparison are representative from the 12 seedlings that were exposed to the stress treatments. (F) Fresh weight quantification of tobacco seedlings in the stress experiment shown in E. Columns and bars represent the mean and ±SEM (n=12). Unpaired two-tailed Student t-test was performed to compare treatments with control. Scale bar: 10 cm.
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Appendix Figure S6. Salt and catechin treatments in tobacco seedlings grown on solid MS-media. (A) Three-week old tobacco seedlings were photographed after 7 days of oxidative stress treatment. Figure shows a representative tobacco seedling for each treatment. (B) Biomass (fresh weight) of three-week old Tyr-Asp treated tobacco seedlings is higher than the mock control under oxidative stress conditions (catechin or salt). Tyr-Asp treatment for seven days does not confer a growth advantage in the absence of oxidative stress when compared with the mock plants. Two-week old wild type tobacco seedlings pretreated with Tyr-Asp (100 μM) or water (mock) for 24 h, were subjected to salt (50 mM) or catechin (0.175 mM) treatments on agar plates supplemented with Tyr-Asp (100 µM) or mock for seven days (n=14). Unpaired two-tailed Student t-test was performed to compare treatments with control. Scale bar: 1 cm.   
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Appendix Figure S7. Catechin and Tyr-Asp treatments in Arabidopsis wild type and double gapc1/gapc2 k.o. plants. (A) Fresh weight quantification of Arabidopsis wild-type plants under oxidative stress (e.g. catechin) or Tyr-Asp treatments. (B) Fresh weight quantification of Arabidopsis gapc1/gapc2 double k.o. lines under oxidative stress (e.g. catechin) and Tyr-Asp treatments. Seedlings were pretreated with mock (water) or Tyr-Asp (100 μM) for 1 h prior an oxidative stress (catechin). (C) Fresh weight quantification of Arabidopsis wild type and gapc1/gapc2 mutant lines under mock or oxidative stress (catechin). Each treatment was compared to its respective control grown in the same 24-well plate. Repetition of the experiment used to prepare Figure 3A-C. Columns and bars represent the mean and ±SEM (n=12). Unpaired two-tailed Student t-test was performed to compare treatments with control. 
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Appendix Figure S8. Thermal Proteome Profiling. (A) Venn diagram comparing Thermal Proteome Profiling (TPP) with affinity purification (AP) and size exclusion chromatography (SEC, PROMIS) data sets in Arabidopsis thaliana. AP and PROMIS data sets were retrieved from (Veyel et al, 2018). (B) Examples of melting curves of proteins (RPS24/35, CPN60, KDSA1, peptidase M20/M25/M40, APS1 and RPL10) with significant changes in melting temperatures (Tm) and/or area under the curve (AUC) in the TPP experiment (for the complete data set see Dataset EV6). AP: affinity purification; SEC: size exclusion chromatography; TPP: thermal proteome profiling.  
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Appendix Figure S9. Co-elution of dipeptides and glycolytic/gluconeogenic enzymes across the PROMIS separation. (A) Heat map depicting glycolytic/gluconeogenic enzymes across PROMIS separation. Hierarchical clustering was used to group the glycolytic enzymes. Pearson correlation was used as metric distance; gene and sample tree and average linkage clustering were selected in the MeV software. (B-T) Dipeptides co-eluting with the different glycolytic/gluconeogenic enzymes. Red filling indicates acidic dipeptides. Complete data can be found in Dataset EV8. PROMIS data sets were retrieved from (Veyel et al., 2018).
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Appendix Figure S10. Analysis of the effect of individual amino acids on AthPEPCK1. Activity of recombinant AthPEPCK1 was measured at increasing concentrations of the amino acids indicated in the x-axis. Measurements were done using the conditions described in the Appendix Information. Data are the mean of four independent data sets ± SE. The value of 1 for relative activity corresponds to 3.6 ± 0.2 µmol/min mg protein.
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Appendix Figure S11. Assay optimization of PEPCK activity in A. thaliana rosette extracts. (A) Calibration curve constructed with NAD+ (white squares) and OAA (grey squares) in the same reaction conditions employed for measuring PEPCK activity in Arabidopsis crude extracts. Each point represents the mean ± SE of four replicates. The slopes of the lineal regression were 327 ± 7 RFU mM-1, R2 = 0.99 for NAD+ and 322 ± 11 RFU mM-1, R2 = 0.99 for OAA. Analysis of the linearity of the response with respect to protein content of crude extracts in the reaction (B) and with reaction time (C), for the complete reaction (grey squares) or without ADP (white squares). (D) Analysis of the stability of AthPEPCK1 during native total protein extraction with the buffer described in the materials and methods sections in samples obtained immediately before extraction (t = 0 h) and incubating the extract for two hours on ice (t = 2 h). Samples were run on a 12 % SDS-PAGE and then transferred a nitrocellulose membrane, which was subjected to a standard western blot protocol. Membranes were incubated with rabbit polyclonal antisera raised against recombinant AthPEPCK1 (Rojas et al, 2020). The load control was performed by stripping the membrane and incubating with rabbit polyclonal antisera raised against recombinant Triticum aestivum GAPDH (TaeGAPDH) (Piattoni et al, 2017).


Datasets

Dataset EV1. Summary of the raw data from eight different biomass experiments using Arabidopsis and tobacco grown on liquid or solid synthetic media under oxidative stress and/or Tyr-Asp treatments.

Dataset EV2. Proteomics and metabolomics analyses of the Tyr-Asp feeding experiment. GeneData derived raw metabolite intensities were normalized to the median intensity of all mass features detected in a given chromatogram. MaxQuant derived protein LFQ intensities were used for further analysis. Both metabolite and protein data were subjected to Log2 transformation (columns O to BB) prior two-way analysis of variance (ANOVA) analysis implemented in MeV software using treatment (treated versus untreated) and time (15 min, 30 min, 1 h, 6 h, 24 h) as variables (columns C-E). Obtained p-values were subjected to FDR correction to select metabolites and proteins significantly affected by the treatment (columns F-G).

Dataset EV3. MapMan functional assignment of the differential proteins from the Tyr-Asp feeding experiment (see Appendix Dataset 2).

Dataset EV4. Putative Tyr-Asp protein interactors identified in the affinity purification experiment from Arabidopsis rosette tissue.

Dataset EV5. Putative Tyr-Asp protein interactors identified in the affinity purification experiment from tobacco leaf tissue.

Dataset EV6. Output of the Tyr-Asp thermal proteome profiling analysis.  F_test_p_adj < 0.05 (column E) was used to delineate list of proteins affected by the Tyr-Asp treatments and thus putative Tyr-Asp binders.

Dataset EV7. Tyr-Asp high confidence interactome. List of proteins identified as putative Tyr-Asp interactors in at least two of the three experimental approaches (TPP, AP and PROMIS).

Dataset EV8. Elution profile of dipeptides and glycolytic/gluconeogenic enzymes in the PROMIS experiment. PROMIS data sets were retrieved from (Veyel et al., 2018).
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