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Supplementary Table S1  Yeast strains used in this study.

	Strain
	Genotype
	Source

	X2180-1B
	MATα SUC2 mal mel gal2 CUP1
	Yeast genetic stock center

	SEY6210
	MATα leu2-3,112 ura3-52 his3-Δ200 trp1-Δ901 suc2-Δ9 lys2-801 GAL
	Yeast genetic stock center

	SEY6211
	MATa leu2-3,112 ura3-52 his3-Δ200 trp1-Δ901 ade2-101 suc2-Δ9 GAL
	Yeast genetic stock center

	STY3807
	X2180-1B ura3∆::loxP
	[7]

	STY4306
	STY3807 avt3∆::natMX avt4∆::loxP avt7∆::hphMX
	[8]

	STY4309
	STY3807 avt3∆::natMX avt4∆::loxP avt6∆::loxP-kanMX-loxP avt7∆::hphMX
	This study

	STY3641
	STY3807 avt6∆::loxP
	[11]

	STY5222
	STY3807 avt1∆::hphMX avt3∆::natMX avt4∆::loxP avt6∆::loxP avt7∆::loxP-kanMX-loxP
	This study

	STY5628
	STY3807 atg9∆::kanMX
	This study

	STY8803
	STY3807 avt3∆::natMX avt4∆::loxP avt6∆::loxP avt7∆::hphMX atg22∆::kanMX
	This study

	STY4273
	STY3807 ARG1::ARG1-HA3-hphNT1
	This study

	STY4274
	STY3807 atg9∆::kanMX ARG1::ARG1-HA3-hphNT1
	This study

	STY7446
	STY3807 avt3∆::natMX avt4∆::loxP avt6∆::loxP avt7∆::kanMX ARG1::ARG1-HA3-hphNT1
	This study

	STY8427
	STY3807 leu2∆::loxP-kanMX-loxP
	This study

	STY8429
	STY3807 avt3∆::natMX avt4∆::loxP avt6∆::loxP avt7∆::hphMX leu2∆::loxP-kanMX-loxP
	This study

	STY7157
	STY3807 aro8∆::loxP aro9∆::kanMX
	This study

	STY7075
	STY3807 avt3∆::natMX avt4∆::loxP avt6∆::loxP avt7∆::hphMX aro8∆::loxP aro9∆::kanMX
	This study

	STY8248
	STY3807 thr4∆::kanMX
	This study

	STY8236
	STY3807 avt3∆::natMX avt4∆::loxP avt6∆::loxP avt7∆::hphMX thr4∆::kanMX
	This study

	STY0838
	SEY6210 atg9∆::kanMX
	This study

	STY4904
	SEY6211 atg9∆::kanMX
	This study

	STY5415
	SEY6210 avt3Δ::natMX avt4Δ::hphMX avt6∆::loxP avt7Δ::loxP-kanMX-loxP
	This study

	STY5125
	SEY6211 avt3Δ::natMX avt4Δ::hphMX avt6∆::loxP avt7Δ::loxP-kanMX-loxP
	This study

	STY4905
	Diploid of cross SEY6210 and SEY6211
	[8]

	STY4932
	Diploid of cross STY0838 and STY4904
	This study

	STY5134
	Diploid of cross STY5415 and STY5125
	This study

	STY8018
	STY4905 MPC54/MPC54::MPC54-Myc9-kanMX
	This study

	STY8031
	STY4932 MPC54/MPC54::MPC54-Myc9-kanMX
	This study

	STY8032
	STY5134 MPC54/MPC54::MPC54-Myc9-kanMX
	This study

	STY7963
	STY4905 IME1/IME1::IME1-HA6-HIS3MX
	This study

	STY8171
	STY4932 IME1/IME1::IME1-HA6-HIS3MX
	This study

	STY8172
	STY5134 IME1/IME1::IME1-HA6-HIS3MX
	This study

	STY8029
	STY4905 NDT80/NDT80::NDT80-HA3-klTRP1
	This study

	STY8313
	STY4932 NDT80/NDT80::NDT80-HA3-klTRP1
	This study

	STY8411
	STY5134 NDT80/NDT80::NDT80-HA3-klTRP1
	This study







Supplementary Table S2  Primers used in this study. Restriction enzyme sites are underlined. 

	Primer name
	Sequence (5’→ 3’)
	Comments

	AVT6 ORF F BamHI
	GGTGGATCCATGGTAGCTAGTATTAGATCAGG
	Plasmid for AVT6 overexpression

	AVT6 ORF R SalI 
	GGTGTCGACTTAGTTTAGCTTCAAAGCTGCG
	Plasmid for AVT6 overexpression

	ATG22 ORF F BamHI
	CAGAGGATCCATGAGCTATGGAACTATAAATGA
	Plasmid for ATG22 overexpression

	ATG22 ORF R HindIII
	CTTAAGCTTCTAATCCAACCTTCTTTCACT
	Plasmid for ATG22 overexpression

	ARG1 qPCR F
	CGTCATTTTGGCTTGGCTAC
	qPCR

	ARG1 qPCR R
	CGACAATCCACACAAACGAA
	qPCR

	ACT1 qPCR F 
	TGGATTCTGAGGTTGCTGCTT
	qPCR

	ACT1 qPCR R
	CGTCGTCACCGGCAAAAC
	qPCR
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Figure S1. Effect of ATG22 deletion on vacuolar amino acid contents in the avt3∆avt4∆avt7∆ strain.
 Vacuolar amino acids were extracted from avt347∆ and avt347∆atg22∆ cells cultured in SD+Cas medium to early logarithmic phase (A) or in SD-N medium for 6 hours (B), and measured as in Fig. 1. Results are means ± SD of three independent experiments. **P < 0.01, *p < 0.05, Student’s t-test.
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Figure S2. The recovery of viability of avt3467∆leu2∆ cells under nitrogen starvation by LEU2 or AVT4 expression. The viabilities of wild-type (WT), leu2∆, and avt3467∆leu2∆ cells carrying either empty vector (E.V.), pLEU2, or pAVT4, were measured after 7 days of culture in SD-N by Phloxine B staining. pLEU2 was constructed by inserting a PCR-amplified LEU2 fragment (from −650 to +1572) into pRS316 digested with BamHI. pAVT4 was constructed by insertion of the PCR-amplified AVT4 fragment (from −805 to +2931) into pRS316 digested with SacI and SalI. Data are means ± SD of three independent experiments. **P < 0.01, Student’s t-test.
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Figure S3. Recovery of spore number by the expression of vacuolar amino acid exporters. (A) The number of spores in the ascus in wild-type (WT) and avt3467∆ diploid cells carrying either the empty vector (E.V.) or both pAVT3 and pAVT4-AVT6 was counted under a microscope. pAVT3 was constructed by inserting a PCR-amplified AVT3 fragment (from −845 to +2569) into pRS316 digested with XhoI and XbaI. pAVT4-AVT6 was constructed as follows: pAVT4-314 was constructed by inserting the PCR-amplified AVT4 fragment (from −805 to +2931) into pRS314 digested with SacI and SalI. Next, a PCR-amplified AVT6 fragment (from −824 to +1817) was inserted into the KpnI-digested pAVT4-314. Data are means ± SD of three independent experiments. (B) Mpc54-Myc9 expressed in wild-type (WT) and avt3∆avt4∆avt6∆avt7∆ (avt∆) diploid cells carrying either the empty vector (E.V.) or both pAVT3 and pAVT4-AVT6 (pAVT) was measured by western blot analysis using anti-Myc antibody. As a loading control, tubulin was detected.
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Original Images for Figure 2A
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Original Images for Figure 4B The asterisk (*) indicates a nonspecific band.
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Original Images for Figure 4C The asterisk (*) indicates a nonspecific band.
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Original Images for Figure S3B The asterisk (*) indicates a nonspecific band.
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