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Supplementary Text 

 

To characterize the screening hits, the budding yeast gene deletion mutants that failed to 

grow on SDS-containing YPD plates, we examined cell viability after SDS treatment. We 

found that ESCRT mutants (did4∆, snf7∆, stp22∆, vps20∆, vps25∆, vps36∆, and vps24∆) 

survived in the course of the two-hour SDS treatment, whereas V-ATPase mutants (vma21∆, 

vph2∆, vma5∆, vma1∆, and vma13∆) lost their viability within 30 min (Extended Data Fig. 

4a-d).   

V-ATPase produces a proton gradient across the vacuolar membrane, enabling Ca2+ 

uptake into the vacuole; the mutants lucking functional V-ATPase show high cytoplasmic 

Ca2+ levels65. Since Ca2+ influx at the damage site is essential for membrane resealing in 

higher eukaryotes6,7, SDS sensitivity in V-ATPase mutants may be explained by the high 

cytosolic Ca2+ concentration in V-ATPase mutants, preventing membrane resealing. Indeed, 

in our DAPI penetration assay (30 min incubation in YPD+SDS and quick wash with YPD, 

followed by 5 min incubation with DAPI), V-ATPase mutants (vma1∆ and vma13∆) showed 

high DAPI-positivity (vma1∆: 72.2±14.6, vma13∆: 63.0±8.6; Extended Data Fig. 4e) 

analogous to SDS and EGTA-treated wild type (Fig. 1a and b). These results raise a 

possibility that Ca2+ influx-dependent membrane resealing is impaired in V-ATPase mutants. 

To test the possibility that Ca2+ homeostasis is defective in V-ATPase mutants, we 

monitored subcellular localization of Crz1-GFP, a Ca2+-responsive transcription factor that 

enters nucleus after various stimuli66. After the laser-induced cell wall and plasma 

membrane damage, Crz1-GFP entered the nucleus within 30 sec (Extended Data Fig. 4f and 

g). In a V-ATPase mutant vma1∆, even before the laser damage Crz1-GFP signals at the 

nucleus was comparable to the peak levels of control cells and did not increase after the 

laser damage. These results support our interpretation that Ca2+-influx detection is 
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impaired in vma1∆.  

Since cho1∆, defective in phospholipid phosphatidylserine (PS) synthesis, was a 

screening hit, we examined whether PS is involved in plasma membrane/cell wall repair 

processes after the laser damage. Wild type yeast cells harboring a plasmid of Lact-C2-GFP, 

a PS marker, were subjected to the laser damage assay. We found that Lact-C2-GFP signal 

gradually accumulated at the damage site and peaked after ~13 min (Extended Data Fig. 

4h and i), consistent with the idea that PS is involved in the plasma membrane/cell wall 

repair processes. 

We next focused on pep3∆ and vps34∆. These mutants shared three common 

phenotypes: 1) the cell viability did not decrease after 2hr SDS treatment (Extended Data 

Fig. 4d), 2) the cells did not show DAPI penetration after 30 min SDS treatment (Extended 

Data Fig. 4e), and 3) in the laser damage experiment, a major repair protein Pkc1-GFP failed 

to be retained at the laser damage site (Extended Data Fig. 4j and k). These results suggest 

that Pep3 and Vps34 are required for the retention of Pkc1 but not for plasma membrane 

resealing immediately after the damage or initial Pkc1 recruitment to the damage site. 

In summary, here we revealed four cellular processes during plasma membrane/cell 

wall damage response in budding yeast: 1) V-ATPase-dependent prevention of immediate 

cell death, 2) Crz1 nuclear import, 3) PS recruitment to the damage site, and 4) Pep3 and 

Vps34-dependent retention of Pkc1 (Supplementary Fig. 2). 
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Supplemental Figures 

Supplementary Fig. 1. Summary of the screening method 

(a) Schematic drawing of the screening method. Blue circle, primary hits (249 mutants); 

green circle, secondary hits (109 mutants); red circle, confirmed hits (48 mutants).  (b) 

Example images of the plates used in the screening. 
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Supplementary Fig. 2. Summary of laser damage responses in budding yeast 

Cellular responses after laser damage. Red arrows indicate the laser damage site. 
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Supplementary Fig. 3. Identification of the optimal SDS concentration for different 

types of human normal fibroblasts 

The four different types of human normal fibroblasts (HCA2, BJ, WI-38 distributed from 

RIKEN, and WI-38 from JCRB: Japanese Collection of Research Bioresources Cell Bank) 

were cultured with the different SDS concentrations. The blue boxes indicate sub-lethal 

SDS concentrations at day 5, and the red boxes are lethal SDS concentrations, which 

depend on the cell type and distributes. Based on these results, we used the upper limit of 
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concentration that does not induce cell death after 24 hours of SDS treatment. This 

experiment was independently repeated three times with similar results. 
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Supplementary Fig. 4. Top canonical pathways in PMD-Sen, Ca2+-Sen, DDR-Sen, and 

Rep-Sen 
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Heat maps generated by IPA comparison analysis show top canonical pathways affected by 

the differentially expressed mRNAs in PMD-Sen, Ca2+-Sen, DDR-Sen, and Rep-Sen. Orange 

and blue indicate positive and negative activation z-scores, respectively, while white 

indicates no significant activation z-scores. Related to Figure 7a. 

 

 

Supplementary Fig. 5. Top canonical pathways associated with SASP factors in PMD-

Sen, Ca2+-Sen, DDR-Sen 
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Heat maps generated by IPA comparison analysis show top canonical pathways affected by 

the SASP factors differentially expressed in PMD-Sen, Ca2+-Sen, and DDR-Sen. Orange and 

blue indicate positive and negative activation z-scores, respectively, while white indicates 

no significant activation z-scores. Related to Figure 7b. 

 

 

 

Supplementary Fig. 6. CHMP4B overexpression does not suppress the formation of PS 

externalizing spots/blebs after SDS treatment 

WI-38 cells were treated as in Fig. 4. PS externalizing spots/blebs were stained with Annexin 

V-Alexa Fluor 674 before and after SDS treatment for 1 hour. Cell number: GFP-expressed 

untreated cells (n=91), GFP-expressed SDS-treated cells (n=89), GFP-CHMP4B-expressed 

untreated cells (n=61), GFP-CHMP4B-expressed SDS-treated cells (n=57). p value: **<0.01, 

****<0.001 by One-way ANNOVA, Dunnett. Exact p value: Ctl vs. SDS in Control cells: 

<0.0001, Ctl vs. SDS in CHMP4B-expressed cells: 0.0023, Ctl in Control cells vs. Ctl in 

CHMP4B-expressed cells: 0.2981, SDS in Control cells vs. SDS in CHMP4B-expressed cells: 

0.9571. Mean(SD). 
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Supplementary Table 

 

Supplementary Table 1. Summary of GO enrichment analysis results 
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Supplementary Table 2. Summary of modPhEA analysis results 
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Supplementary Table 3. 18 out of 48 screening hits are reported to have altered 

replicative lifespan 
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Supplementary Table 4. SASP factors identified in the significant genes expressed in PMD-Sen, Ca2+-

Sen, and DDR-Sen 

Supplementary Table 5. Overlapped pathways between cutaneous wound and PMD-Sen/DDR-Sen 

in the significantly differentially regulated pathways 

Supplementary Table 6. Overlapped pathways between cutaneous wound and PMD-Sen/DDR-Sen 

in the top 146 pathways regardless of its z-score 

Supplementary Table 7. Yeast strains used in this study 

Supplementary Table 8. Antibodies used in this study 

Supplementary Table 9. Primer sequences used for qPCR analyses 

 

*Supplementary Table 4-9 were provided in the .xlsx format. 

  


