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Supplemental Materials and Methods 

 

�-Galactosidase assay  

Bacterial (�-geo) and acid lysosomal �-galactosidase activities were measured on 

cell or tissue lysates using the fluorogenic substrate 4-methylumbelliferyl-�-D-

galactopyranoside (0.4 mg/ml; Sigma). Whereas acid �-galactosidase activity was 

determined in sodium acetate buffer (0.1 M), pH 4.5, in the presence of EDTA (4 

mM), bacterial �-galactosidase activity was measured in Tris/HCl buffer (0.1 M), pH 

7.5, with EDTA (4 mM) or MgCl2 (10 mM). After incubation for 15 min at 37°C, the 

reaction was stopped by the addition of 2 ml of glycine/sodium hydroxide (0.5 N), pH 

10.5, and the released 4-methylumbelliferone was spectrofluorometrically quantified 

with an excitation and emission wavelengths of 358 nm and 448 nm, respectively. 

The bacterial �-galactosidase activity was calculated by subtracting the activity 

measured in the presence of EDTA to that measured in the presence of MgCl2. 

 

Mass levels of sphingolipids 

Baseline sphingosine 1-phosphate and sphingosine levels in wt and SPL-deficient 

murine embryonic fibroblasts were quantified by reversed phase HPLC after 

derivatisation with 6-aminoquinolyl-N-hydroxysuccinimidyl carbamate followed by 

solid phase extraction and selective hydrolysis of interfering lipids as reported (1, 2). 

Total intracellular ceramide content was determined using ceramide kinase in the 

presence of [32P]�-ATP as previously described (3).  

 

Morphological analyses 
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At the end of the incubation period with doxorubicin, cells were incubated with Syto13 

(2.5 �M; Molecular Probes/Invitrogen) and propidium iodide (PI, 2 �g/ml; Sigma) for 

15 min at 37°C and analyzed under a Leica fluorescence-equipped microscope. 

 

Autophagy assays 

GFP-LC3 assay - The assay was performed on cells transfected with rat GFP-

LC3 (kindly provided by T. Yoshimori, Osaka University, Japan) using Lipofectamine 

2000. Prior to analysis, the cells were starved for 4 h in Earle’s balanced salt solution 

(EBSS; nutrient-free medium), maintained in DMEM with 10% fetal calf serum 

(complete medium). Autophagy was then measured by light microscopic counting of 

cells transfected with GFP-LC3 as described (4). In most experiments, the 

percentage of GFP-LC3-positive cells with GFP-LC3 puncta was determined. A 

minimum of 50–100 cells per sample was counted in triplicate samples per condition 

per experiment.  

Analysis of Protein Degradation - Cells were incubated for 24 h at 37°C with 

0.2 �Ci/ml of L-[14C]valine. At the end of the radiolabeling period, the cells were 

washed three times with PBS, pH 7.4. Cells were then incubated in complete medium 

supplemented with 10 mM cold valine. After incubating for 1 h, by which time short-

lived proteins are degraded, the medium was replaced with fresh nutrient-free 

medium (EBSS plus 0.1% of bovine serum albumin and 10 mM cold valine), and the 

incubation was continued for an additional 4h. Cells and radiolabeled proteins from 

the 4h chase medium were precipitated in trichloroacetic acid at a final concentration 

of 10% (v/v) at 4°C. The precipitated proteins were separated from the soluble 

radioactivity by centrifugation at 600 g for 10 min, and then dissolved in 0.5 ml of 0.2 

N NaOH. Radioactivity was determined by liquid scintillation counting. Protein 
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degradation was calculated by dividing the acid-soluble radioactivity recovered from 

both cells and medium by the radioactivity contained in precipitated proteins from 

both cells and medium (5). 

 

Tumor histology and enzymatic analysis 

Forty days after implantation of mouse embryonic fibroblasts, tumors were 

collected. Half volumes of the tumor were fixed in 10% buffered formalin, embedded 

in paraffin, sectioned and stained with hematoxylin and eosin for histologic analysis. 

The other half of tumors was frozen in liquid nitrogen and used for determination of �-

galactosidase activity. 
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 Supplemental Figure Legends 

 

Supplemental Figure S1. �-galactosidase activity in SPL-deficient mouse embryonic 

fibroblasts. Acid (lysosomal) and neutral (bacterial) �-galactosidase activity were 

evaluated in MEFs (means ± s.e.m. of 4 independent experiments performed in 

duplicate). 

 

Supplemental Figure S2. Resistance of SPL-deficient immortalized cells to 

chemotherapeutic drugs.  

(A) wt (+/+), heterozygous (+/-) and SPL-deficient (-/-) spontaneously immortalized 

MEFs were incubated for the indicated times in medium containing 5% FCS in the 

absence or presence of etoposide (5�M). Viability was assessed using the MTT test 

and is expressed as percentage of the value determined at the corresponding time in 

the absence of the drug (means ± s.e.m. of 4 independent experiments performed in 

triplicate). (B) wt (+/+), heterozygous (+/-)  and SPL-deficient (-/-) cells were 

incubated for 16h in medium containing 5% FCS in the absence or presence of 

doxorubicin (1�M) and nuclear morphology was evaluated by Syto 13 and propidium 

iodide (PI) labeling. 

 

Supplemental Figure S3. Resistance of SPL-deficient primary fibroblasts to 

chemotherapeutic drugs.  

wt (+/+), heterozygous (+/-) and SPL-deficient (-/-) primary MEFs were incubated for 

24h in medium containing 5% FCS in the absence or presence of the indicated 

concentrations of etoposide (A) or doxorubicin (B). Viability was assessed using the 

MTT test and is expressed as percentage of the value determined at the 
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corresponding time in the absence of the drug (means ± s.e.m. of 3 experiments). (C) 

Bcl-2 expression was evaluated by Western blot in wt (+/+), heterozygous (+/-) and 

SPL-deficient (-/-) primary MEFs. 

 

Supplemental Figure S4. Starvation-induced autophagy is not impaired in SPL-

deficient cells 

(A) wt (+/+) and SPL-deficient (-/-) MEFs were starved for 24h and the percentage of 

condensed and fragmented nuclei was quantified by Hoechst 33258 staining in 

complete medium (CM) and nutrient-free medium (NF). (B) The rate of degradation 

of [14C]valine-labeled long-lived proteins was measured in cells incubated in 

complete medium (CM) or nutrient-free medium (NF) for 4h. (C) LC3 processing in 

complete medium (CM) and nutrient-free medium (NF) was evaluated by Western 

blot. Quantification of LC3-II (means ± s.e.m. of 3 independent experiments) is 

presented. (D) wt (+/+) and SPL-deficient (-/-) MEFs were transfected with GFP-LC3. 

Twenty-four hours after transfection, cells were starved (NF) for 4h and autophagy 

was quantified by measuring the percentage of cells with punctated structures.  

  

Supplemental Figure S5. �-galactosidase activity and histology of tumors derived 

from mice injected with SPL-deficient cells. 

Forty days after implantation of mouse embryonic fibroblasts, tumors were collected. 

(A) Acid (lysosomal) and neutral (bacterial) �-galactosidase activities were evaluated 

in tumor lysates (means ± s.e.m. of duplicate determinations on 9 tumors ; all tumors 

exhibited neutral �-galactosidase activity). (B) Representative paraffin section of 

tumors stained with hematoxylin and eosin. 
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Supplemental Table 1. Baseline sphingosine 1-phosphate, sphingosine and 

ceramide levels in wt, heterozygous and SPL-deficient murine embryonic fibroblasts. 

Values are means ± s.e.m. of at least 3 independent experiments. 

 

Sphingolipids 

(pmol/mg of protein) 
Sgpl1+/+ Sgpl1+/- Sgpl1-/- 

Sphingosine 1-phosphate 5 ± 3 9 ± 2 28 ± 13 

    

Sphingosine 17 ± 3 12 ± 5 40 ± 12 

    

Ceramide 688 ± 15 ND 1124 ± 19 

ND, not determined.  
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Supplemental Table 2. Colony formation of SPL-deficient cells in soft agar 

wt (+/+), heterozygous (+/-) and SPL-deficient (-/-) MEFs were cultured on soft agar 

as described in the legend to Fig. 5. Data are means ± s.e.m. of 4 independent 

experiments. 

 

 Sgpl1+/+ Sgpl1+/- Sgpl1-/- 

Number of colonies/cm2
 69 ± 13 329 ± 15

***
 321 ± 23

***
 

*** indicates significant difference (p<0.001) vs. Sgpl1+/+ values. 

 












