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Supplemental Figure Legends

Figure S1. Comparisons of EGFP-Lc3B and LysoTracker Red patterns between chemical-treated wild-type (wt) fish and untreated spns1-mutant (spns1hi891/hi891) fish embryos. Effects of bafilomycin A1 (BafA), omeprazole (OPZ), pepstatin A and E-64-d (P/E) treatments on EGFP-Lc3B and LysoTracker Red in WT zebrafish. BafA, OPZ, or P/E were administrated from 60 through 72 hpf for 12 h. Images of untreated spns1-/- fish were captured at 72 hpf. Quantification of the fluorescence intensities at the cellular levels is shown in the lower graphs. BF, brightfield. 

Figure S2. Impact of the proton-pump inhibitors on SA-Glb1 activity and EGFP-Lc3B and LysoTracker Red. (A) Detection of SA-Glb1 activities. OPZ, lansoprazole (LPZ) or pantoprazole (PPZ) were administrated from 36 through 48 hpf for 12 h. (B) Detection of EGFP-Lc3B and LysoTracker Red patterns. OPZ, LPZ or PPZ were administrated from 36 through 72 hpf for 36 h. 

Figure S3. Information of the nucleotide sequences for the generated CRISPR/Cas9-mediated atp6V0ca mutant (cis-spns1;atp6V0ca homozygote mutant offspring). (A) CRISPR-targeted sequence region in exon 2 (Ex2) in the WT and the mutant. (B) The original chromatograms of the nucleotide sequences at the targeted regions in the WT and the mutant.

Figure S4. Autolysosomal biogenesis with the concurrent defect of both Atp6v0ca and Spns1 in zebrafish. (A) Subsequent formation of aberrant autolysosomes monitored by EGFP-Lc3B and mCherry-Lamp1 with concurrent deficiency of both Atp6v0ca (atp6v0cacm/cm) and Spns1 (spns1hi891/hi891) in double-homozygous mutant zebrafish (atp6v0cacm/cm;spns1hi891/hi891). Scale bar: 10 µm. Quantification of the EGFP-Lc3B (green), mCherry-Lamp1 (red) and merged (yellow) fluorescence-positive particle numbers is shown in the right graph (n = 9); the number (n) of animals is for each genotype and phenotype. Three independent areas (periderm or basal epidermal cells above the eye) were selected from individual animals. Error bars represent the mean ± S.D., *P < 0.005, **P < 0.001, ***P < 0.0005; ns, not significant. Three independent areas (periderm or basal epidermal cells above the eye) were selected from individual animals. (A) Subsequent formation of aberrant autolysosomes monitored by EGFP-Lc3B and mCherry-Lamp1 with concurrent deficiency of both Atp6v0ca (atp6v0cacm/cm) and Spns1 (spns1hi891/hi891) in double-homozygous mutant zebrafish (atp6v0cacm/cm;spns1hi891/hi891). Scale bar: 10 µm. (B) Subsequent formation of aberrant autolysosomes monitored by EGFP-Lc3B and mCherry-Sqstm1 with concurrent deficiency of both Atp6v0ca (atp6v0cacm/cm) and Spns1 (spns1hi891/hi891) in double-homozygous mutant zebrafish (atp6v0cacm/cm;spns1hi891/hi891). Scale bar: 10 µm. Quantification of the EGFP-Lc3B (green), mCherry-Sqstm1 (red) and merged (yellow) fluorescence-positive particle numbers is shown in the right graph (n = 9); the number (n) of animals is for each genotype and phenotype. Three independent areas (periderm or basal epidermal cells above the eye) were selected from individual animals. Error bars represent the mean ± S.D., *P < 0.005, **P < 0.001, ***P < 0.0005; ns, not significant. Three independent areas (periderm or basal epidermal cells above the eye) were selected from individual animals. 

Figure S5. Survival control by balancing the deficiency between Spns1 and Atp6v0ca. (A) Appearance of an opaque-yolk phenotype (NOR; normal, POY; partially opaque yolk, MOY; mostly opaque yolk) in embryonic and larval spns1hi891/hi891 fish with the impact of atp6v0ca MO2. (B) Appearance of an opaque-yolk phenotype in embryonic and larval spns1hi891/hi891;atp6v0cacm/cm fish with the impact of atp6v0ca MO2. (C) Survival of embryonic and larval spns1hi891/hi891 fish with the impact of atp6v0ca MO2 as well as MO1 (MO2; log rank test: 2 = 169.3 on one degree of freedom; P < 0.0001). (D) Survival of embryonic and larval spns1hi891/hi891;atp6v0cacm/cm fish with the impact of atp6v0ca MO2 as well as MO1 (MO2; log rank test: 2 = 55.45on one degree of freedom; P < 0.0001). 

Figure S6. Schematic models for autolysosomal pH control and the counteractive effects of dual defects in Spns1 and the v-ATPase. (A) A schematic presentation of autolysosomal pH detectable with fluorescent LysoTracker (red) and LysoSensor (green) probes in the different indicated conditions. (B) Schematic models of the autolysosomal conditions and features in zebrafish with different combinations of the Spns1 and v-ATPase defects. The v-ATPase normally acidifies the lysosome, generating a proton gradient that drives various permeases including the Spns1 symporter. A sole defect in Spns1 results in lysosomal imbalance or dysfunction due to an accumulation of putative carbohydrate (CHO), a primary Spns1 substrate; protons could still pass through other lysosomal transport systems or may escape due to altered membrane permeability. The resulting phenotype in the spns1 mutant includes developmental senescence. A dual defect in the v-ATPase (in particular in the atp6v0ca gene) partially balances the lysosomal abnormality, reducing the senescent phenotype and extending life span. The exact mechanism involved in the compensatory effect remains enigimatic, but is at least not simply due to a block in autophagosome-lysosome fusion.

Supplemental Tables 
Table S1. Time-dependent opaque-yolk phenotype percentage of spns1hi891/+;atp6v0cacm/+ cis-het intercrossed embryos (n=326).
	
 Time (hpf)
Phenotype
	48
	60
	72
	84
	96
	108
	120
	132
	144

	Pigment (normal %)
	78.22
	78.22
	78.22
	78.22
	78.22
	78.22
	78.22
	78.22
	78.22

	Hypopigment (opaque %)
	21.78
	21.78
	21.47
	20.55
	8.28
	3.99
	1.23
	0.31
	0.31

	Hypopigment
(partially opaque %)
	20.86
	20.86
	20.86
	19.33
	6.75
	3.68
	0.61
	0.31
	0.31

	Hypopigment
(mostly opaque %)
	0.92
	0.92
	0.61
	1.23
	1.53
	0.31
	0.61
	0.00
	0.00



Table S2. List of primers used for the CRISPR/Cas9-mediated atp6v0ca editing.
	Name
	Primers
	Annealing temp (C)
	Extension time 
	Cycles

	pT7- atp6v0ca gRNA Construction
	Forward: ACTGCTAAGAGCGGCACGTTTTAGAGCTAGAAATAGC
	     55
	     5 min
	     35

	
	Reverse: GTGCCGCTCTTAGCAGTCCCTATAGTGAGTCGTATTA
	
	
	

	atp6v0ca CRISPR T7E1 Check
	Forward: AGGAGGAATCAAACAGCAAGAT
	     55
	     30 s
	     40

	
	Reverse: CAATAAGCCACCAGCAACAAATA
	
	
	




Table S3. List of primers Used for the constructs of T2-mCherry-Sqstm1 and pT2-Lamp1-mCherry. 
pT2-mCherry-Sqstm1:
	mCherry-(Sqstm1).f.i
	GCATGGACGAGCTGTACAAGTCGATGACAGTGAAAGCTTA

	(Sqstm1) -mCherry.r.v
	TAAGCTTTCACTGTCATCGACTTGTACAGCTCGTCCATGC

	(Sqstm1)-SV40.f.v
	CACCAGGACAACAGAAGTAGATCGATGATGATCCAGACATG

	SV40-(Sqstm1).r.i 
	CATGTCTGGATCATCATCGATCTACTTCTGTTGTCCTGGTG



pT2-Lamp1-mCherry:
	pT2-[Dr_Lamp1].f.i
	CGGATCCACCGGTCGCCACCATGGCGCGAGCTGCAGGTGT

	pT2-[Dr_Lamp1].r.v
	ACACCTGCAGCTCGCGCCATGGTGGCGACCGGTGGATCCG

	[Dr_Lamp1]-mCherry.f.v
	ACGCCGGGTACCAGACCATCATGGTGAGCAAGGGCGAGGA

	[Dr_Lamp1]-mCherry.r.i
	TCCTCGCCCTTGCTCACCATGATGGTCTGGTACCCGGCGT
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