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907 Figure 4 Loss of tRNA thiolation results in reduced phosphate homeostasis (PHO) related
908 transcripts and ribosome-footprints
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(A) Correlation plots, for WT and tRNA thiolation mutant cells (ncs2A and uba4A) for both gene
expression (transcript) and ribosome footprint (translation) changes is shown. The coefficients of
determination (R2) values are shown, along with their significance (p values). Note: Very few
differentially regulated genes were observed, and these are indicated as red points. Also see Figures
S5A, S5B and S5C.

(B) Correlation plots comparing ribosome densities (RPF TPM/RNA TPM) for the thiolation mutants
(ncs2A or uba4A respectively) with WT cells. Note: overall ribosome densities for thiolation mutants
correlate exceptionally well with ribosome densities in WT cells, with the correlation coefficients (R) >
0.88 in both comparisons.

(C) A density plot, representing changes in expression (transcript and ribosome footprints) of genes
associated with amino acid biosynthetic pathways. In general, amino acid biosynthesis genes were
upregulated in tRNA thiolation mutant cells (uba4A and ncs2A). Also see Figures S6A, S6B and S6C.

(D) Heat map depicting changes in expression (transcript and ribosome footprints) of genes

associated with the phosphate (PHO) regulon, in the tRNA thiolation mutant cells (uba4A and ncs2A),
compared to WT cells, at the transcript and ribosome-footprint levels (log2 2-fold changes).

(E) A density plot with a statistical comparison between WT and tRNA thiolation mutants, for changes
in transcript or ribosome footprints of all genes in the genome, or only the PHO regulon. Note: p<10'7
for all the comparison datasets. Also see Figure S6D.
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Figure 5

Figure 5: Phosphate depletion in wild-type cells phenocopies tRNA thiolation mutants

(A) A schematic representation of PHO regulon related genes, and their roles. Pho84 and Pho89 are
high affinity phosphate transporters, Pho87 and Pho90 are low affinity phosphate transporters, Spl2 is
a negative regulator of low affinity phosphate transporters, Pho3, Pho5, Pho11 and Pho12 are
secreted acid phosphatases, Pho80-Pho85 is a cyclin-dependent kinase (CDK) complex, Pho81 is a
CDK inhibitor, Pho2 and Pho4 are transcription factors, Vtc1, Vic3 and Vtc4 are involved in vacuolar
polyphosphate accumulation, Pho91 is a vacuolar phosphate transporter, Ddp1 and Ppn1 are
polyphosphatases. Genes marked in red are down-regulated in tRNA thiolation mutant cells (uba4A
and ncs2A).

(B) Pho12 and Pho84 proteins are decreased in tRNA thiolation mutants. Pho12 and Pho84 protein
levels (Pho12 and Pho84 tagged with FLAG epitope at their endogenous loci) in WT and tRNA
thiolation mutant cells (uba4A, ncs2A and ncs6A) grown in minimal media were detected by Western
blot analysis using an anti- FLAG antibody. A representative blot is shown (n=3).

(C) Trehalose amounts are increased upon phosphate starvation. Trehalose content of WT cells
grown in high and no Pi media was plotted. Data are displayed as means * SD, n=3. ****p<0.0001.

(D) Gen4 protein is increased upon phosphate starvation. Gen4 protein levels (Gen4 tagged with HA
epitope at the endogenous locus) in WT grown in high and no Pi media were detected by Western
blot analysis using an anti-HA antibody. A representative blot is shown (n=3).
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Figure 6

Figure 6: Trehalose synthesis associated phosphate release enables cells to maintain
phosphate balance

(A) A schematic representation of the trehalose cycle, showing the routing of glucose-6-phospate
towards trehalose and glycogen biosynthesis. Trehalose synthesis requires two glucose molecules,
catalyzed by the Tps1 and Tps2 enzymes. The Tps2-mediated reaction synthesizes trehalose, and
notably releases free Pi.

(B) Intracellular Pi levels are maintained in tRNA thiolation mutant cells (uba4A) by Tps2 activity. Free
intracellular Pi levels were determined in WT, tRNA thiolation mutant (uba4A), tps2A, uba4A tps2A
and pho85A cells grown in minimal media, by a colorimetric assay. Intracellular Pi levels in mutant
cells relative to WT are plotted, where WT was set at 100. Data are displayed as means * SD, at least
n=2 biological replicates with three technical replicates each. ****p<0.0001. Also see Figure S7A.

(C) Synthetic genetic interaction between TPS2 and tRNA thiolation genes (UBA4 and NCS2) at 37°
C. WT, tRNA thiolation mutants (uba4A and ncs2A), tps2A, uba4A tps2A and ncs2A tps2A double
mutant cells grown in minimal media were spotted on low Pi media agar plates with 2% glucose and
incubated at 30° C and 37° C. Also see Figure S7B.

(D) Synthetic genetic interaction between PHO80 and tRNA thiolation genes (UBA4 and NCS2). WT,
tRNA thiolation mutants (uba4A and ncs2A), pho80A, uba4A pho80A and ncs2A pho80A double
mutant cells grown in minimal media (0.1% glucose) were spotted on minimal media agar plates
(0.1% and 2% glucose) and incubated at 30° C.
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969 Figure 7: A simple model to illustrate the importance of tRNA thiolation in determining the
970 metabolic state of the cell. WT cells (which have a functional tRNA thiolation machinery) sense and
971 utilize amino acids (methionine and cysteine), and correspondingly have high amounts of thiolated
972 tRNAs. In these cells, carbon flux coupled with amino acid utilization is towards nucleotide
973 biosynthesis. Sufficient nucleotide levels support growth, and proper cell cycle progression, and
974 reflect an overall ‘growth’ metabolic state. In tRNA thiolation mutants, the absence of tRNA thiolation
975 machinery results in non-thiolated tRNAs, and carbon flux is driven away from nucleotide synthesis
976 and towards storage carbohydrates, with a concurrent accumulation of amino acids. This metabolic
977 rewiring in these mutants is due to reduced expression of genes involved in phosphate-responsive
978 signalling pathway, which results in an effectively phosphate-limited state. Due to this, the thiolation
979 mutants attempt to restore intracellular phosphate levels via Tps2-dependent trehalose synthesis,
980 accompanied by phosphate release. Thus, despite the absence of carbon or nitrogen (amino acid)
981 starvation, the tRNA thiolation mutants exhibit an overall metabolic signature of a ‘starved state’, with
982 decreased nucleotide synthesis and delayed cell cycle progression.

983 Pho: phosphate transporters, Pi: inorganic phosphate, PPP: Pentose Phosphate Pathway, cys:
984  cysteine, met: methionine.
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