


Figure 2: Gene and protein structure of the UMAMIT proteins from Arabidopsis, rice,
pine and Physcomitrella.
A. Schematic of the protein structure, with the position of the six main intron positions (I1

to I6). The numbers correspond to the percentage of genes (out of 180) with an intron
at the corresponding positions. More details are available in Supplemental File 2A.

B. Percentages of conservation at each position of a consensus protein sequence of the
UMAMITs. Residues mutagenized in UMAMIT14 are indicated in red, localized on the
diagram at positions 38 (G33), 128 (E122), 140 (K134), 150 (G144) and 319 (G315).
Consensus sequence and percentages were computed by AlignX (Vector NTI) from the
multiple sequence alignment of Supplemental Figure 1, and the two dimensional model
was constructed by Protter (Omasits et al., 2014 - http://wlab.ethz.ch/protter/start/).

A1 to A5, transmembrane domains of the first structural repeat, B1 to B5, transmembrane
domains of the second structural repeat. Extra, extra-cytosolic side; Cyt, cytosolic side.
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Figure 3: Homology model of the AtUMAMIT14 protein.
A. Side view of the homology model created using SwissModel, extra-cytosolic side on the top. Membrane

position (gray rectangle) was determined using the PPM tool (Lomize et al., 2012). Colors correspond to
the homologous helices in the protein (e.g. A1 and B1 in orange) to show the arrangement of the
transmembrane domains of the two structural repeats. Loops are colored in gray.

B. Same model, seen from the extra cytosolic side (top of model in A), with loops hidden.
C. Diagram of model in B, with the direction of the transmembrane domains indicated by arrows. Extra-

cytosolic loops are indicated by thick strokes, cytosolic loops indicated by thin strokes.
The symmetry axis is represented by a line with the rotating arrow.
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Figure 4: Summary of the changes in the AtUMAMIT mRNA content in response to various
conditions.
Violin plot of the change in mRNA content of each of the AtUMAMIT genes. Each data point corresponds
to one condition from the AtGenexpress data set, analyzed using the Affymetrix ATH1 chip, which is
missing six AtUMAMITs, and has a probe that recognizes both AtUMAMIT26 and AtUMAMIT27. Data used
for this graph are available in Supplemental File 3. Background boxes correspond to the minimum, 25th

percentile, median, 75th percentile and maximum (as defined by JMP software). Areas are colored
according to the variance of the dataset for each gene (from 0 to 1.5).
A. Whole seedlings treated by various phytohormones, hormone inhibitors and drugs.
B. Leaf or seedlings infected or treated by Erysiphe orontii, Hyaloperonospora arabidopsidis,

Phytophthora infestans, Pseudomonas syringae and elicitors.
C. Roots and shoots wounded or grown under cold, osmotic, salt, drought, oxidative, genotoxic,

wounding, heat and UV-B conditions.
D. Root tissues subjected to Pi and Fe starvation, addition of nitrogen or salt, or pH change.
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Figure 5. Amino acid excreted by yeast expressing AtUMAMITs.
22∆10α yeast cells were transformed with plasmids driving the expression of
each of the 44 AtUMAMITs, or the empty vector (control). After 22 hours of
growth in minimal medium amino acid content in the medium was measured
by UPLC. Amino acid excretion is expressed as fold increase relative to cells
expressing the empty vector. Only significant changes compared to the empty
vector control are shown, t-test n=4 p<0.05. A to J: clades to which each of
the AtUMAMIT belong. See Supplemental File 4 for the data used to create
this graphic.
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Figure 6: Amino acid uptake activity of selected AtUMAMIT proteins.
A. 1 mM Ala uptake.
B. 1 mM Gln uptake.
The empty vector control is indicated by a solid black line (Vector). The dotted lines correspond
to proteins for which the uptake was significantly different from the control at all time points (t-
test, p<0.05, n=3 biological replicates). Insets: uptake curve of the importer AtAAP3, used as a
positive control (dashed lines), was added to the graph, to emphasize the difference in uptake
rate between a proton-coupled importer and the AtUMAMITs.
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Figure 7: Amino acid excreted by yeast expressing the AtUMAMIT14 mutants
Similar experiment as Figure 5. Amino acid contents excreted by the vector-containing cells are
indicated in light grey. The amounts of amino acids secreted by the vector-containing cells are
shown by gray bars (Vector). The total amount of Gln and the other amino acids secreted by cells
expressing the AtUMAMIT14 proteins in addition to the amounts of that of the vector are
represented by black and dark grey bars respectively. ANOVA Tuckey HSD (n=3 biological
replicates): lowercase letter correspond to the differences between the samples for Gln content
(p<0.0001); uppercase letters correspond to the differences for the sum of the other amino acids
(p<0.0001, except *=0.02).
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