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Figure S1. GFP positive debris is visible in some ducts of atg7∆KC mice, but not inside cells. Top row: original photos from one mouse. Similar sequences were seen in each of the four mice stained. Bar: 50 µm. Lower row: Excerpts enlarged 5x from the original photos. The lowercase letters designate the origin of the excerpts in the panels in the top row. All frames were enhanced equally. PG were excised, fixed in 7.5% formalin, cut, stained with anti-GFP and anti-PLIN2 antibodies, and sections were photographed with a laser scanning microscope, as detailed in Materials and Methods. D: ducts, containing unlysed cell remnants. Bar: 10 µm. Area a: PLIN2 negative. Immature sebocytes. Area b: PLIN2 positive: Sebocytes are maturing, but have not yet reached the lysis zone. PLIN2 visibly coats lipid droplets. Area c: Lysis zone: PLIN2 covers large, cavernous-looking structures, partially filled with PLIN2 staining material (arrow head). The border to complete cell lysis is often difficult to discern. Area d: Duct: Some PLIN2 positive material, apparently still coating lipid droplets, remains in the ducts.
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Figure S2. Lipid droplets of Atg7∆KC PG sebocytes are aberrantly shaped and some PLIN2 remains in the PG ducts. (A) H+E of formalin fixed, paraffin embedded and ORO staining of frozen, OCT embedded PG from mice aged 12-14 months. Shown are enlargements from the septum area (i), (i’) and lysis zones (ii), (ii’) of PG sebocytes. Lipid droplets are irregular and less tightly packed in Atg7∆KC PG. Photos are representative of 9 Atg7F/F and 8 atg7∆KC mice for H+E stainings, and 4 Atg7F/F and 5 atg7∆KC mice for ORO stainings. Note that photos of H+E and ORO stains are necessarily from different mice. Bar: 50 and 10 µm for originals and enlargements respectively. (B) In both groups of mice the bulk of PLIN2 coating of the lipid droplets is degraded at the same time as the secreted lipid becomes accessible to the BODIPY dye.  PLIN2 positive remnants remain in the Atg7∆KC ducts.  Near the lysis zone in atg7∆KC glands PLIN2 forms cavernous structures, partially filled with PLIN2 reactive material (arrows).  Many of these are retained in the ducts (arrow heads). These are not seen in Atg7F/F glands. Artefactual empty holes in the  tissue are seen in both groups of mice (asterisks). Five mice from each group were perfused with 4% paraformaldehyde as detailed in Materials and Methods, and 7-µm sections were cut and stained with anti-PLIN2 antibody, then BODIPY (see  Materials and Methods). Bar: 50 µm.
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Figure S3. Holocrine secretion is impaired in atg7∆KC mice. Whole cell groups (*) and amorphous material (§) remain in the ducts of many atg7∆KC but not Atg7F/F mice. The acini are much reduced in the atg7∆KC glands. Preputial glands from five mice per genotype were fixed in 7.5% buffered formalin as described in Materials and Methods, and stained with H&E. Bar: 100 µm.
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Figure S4. Differentiation associated genes are aberrantly expressed in PG ductal cells. (A) Feature plots of PG single cell preparations. Red dots represent single cells with detectable Flg mRNA. (B) qRT-PCR for the Flg gene relative to B2m (beta-2 microglobulin; whole PG). Transcription of Flg is enhanced 2-5 times in the atg7∆KC PG. N=6 Atg7F/F and 7 atg7∆KC mice aged 12-14 months. Unpaired t-test, median ± maximum/minimum. *p<0.02. (C) Immunofluorescence staining for FLG and KRT14 proteins. More epithelial cells stain positive in atg7∆KC PG (arrows). Proteinaceous material is visible in the ducts of the atg7∆KC (asterisk). Preputial glands from 3-4 mice aged 4-6 months per genotype were fixed in 7.5% buffered formalin, double stained with anti-FLG and anti-KRT14 antibodies, and nuclei counterstained with Hoechst-33258 as described in Materials and Methods. Bar: 200 µm. (D) Feature plots of PG single cell preparations. Red dots represent single cells with detectable Sprr2h mRNA. (E) qRT-PCR for the Sprr2h gene relative to B2m. mRNA was undetectable in Atg7F/F PG. N=6 Atg7F/F and 7 atg7∆KC mice, aged 12-14 months. Unpaired t-test, median ± maximum/minimum. ***p<0.002. (F) Immunofluorescence staining for anti-SPRR2 and anti-KRT14 proteins. SPRR2 protein is undetectable in Atg7F/F glands. Preputial glands from 3 mice aged 4-6 months per genotype were fixed in 7.5% buffered formalin, double stained with anti-SPRR2 and anti-KRT14 antibodies, and nuclei counterstained with Hoechst-33258 as described in Materials and Methods. Bar: 100 µm. For qRT-PCR, similar results were obtained when expression was related to the house-keeping gene Hprt/Hprt1 (hypoxanthine guanine phosphoribosyl transferase). For Immunofluorescence staining, similar results were obtained with an immunohistochemical stain, using different mice. (G) Western blot for SPRR2 protein. Shown are representative lanes from 5 mice per genotype. (H) Quantitation of western blot for SPRR2 protein. Western blot analysis detects SPRR2 only in the atg7∆KC PG lysates. Note that appearance of multiple bands in western blots is a characteristic of this protein, and has been partially ascribed to the presence of slightly different SPRR2 protein species (Hohl, JID, 1995). N=5 lysates/genotype. Mice were 12-14 months old for the quantitation, the same as used for (E). Unpaired t-test, median ± maximum/minimum. **:p<0.01.
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Figure S5. scRNA seq reveals that a multitude of genes are differentially regulated in atg7∆KC PG cells. (A) Bar plot displays the total number of differentially expressed genes (DEG) in proliferating epithelial cells, ductal cells, and immature and mature sebocytes of mutant mice (ΔKC) compared to wild-type controls. (B) Significantly enriched Gene Ontology (GO) terms for biological processes affected by up- and downregulated genes in ductal cells and (C) proliferating epithelial cells of atg7ΔKC mice. Only terms with an adjusted P-value below 0.05 and an enrichment score >2 are displayed. PG cell preparations from 3 mice per genotype were analyzed.
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Figure S6. Palmityl acetate is the only neutral lipid which differs proportionately in PG of Atg7F/F and atg7∆KC mice. (A) Lipid extracts were separated on Silica gel TLC plates as described in Materials and Methods, using hexane/diethyl ether, (95:5, v:v) as solvent system. WE: wax esters; CE: cholesterol esters; PA: palmityl acetate; plasm: plasmalogens; GEDE: glyceryl ether diesters; C: cholesterol; PL: phospholipids. Standards: palm. acetate: palmityl acetate; FAME: fatty acid methyl esters; chol: cholesterol. (B) Quantification of TLC spots shown in (A). Plates were photographed and spot density was quantified with the Bio-Rad Imaging system (Bio-Rad Chemi DocTM XRS+), with integrated ImageLabTM software. Values represent the charring value of each spot as a percentage of the total charring for that lane. N=2 mice aged 14 months/group. Gray circles: Atg7F/F, black circles: atg7∆KC. WE: wax esters; CE: cholesterol esters; PA: palmityl acetate; plasm: plasmalogens; GEDE: glyceryl ether diesters; TAG: triacylglycerides; C: cholesterol; PL: phospholipids.
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Figure S7. Localization of lipid species in PG shows differential regulation between Atg7F/F and atg7∆KC mice. (A and B) Mature and immature sebocyte areas marked   for MSI analysis in preputial glands from Atg7F/F and atg7ΔKC mice. Autoﬂuorescence micrographs of sections from additional Atg7F/F (A) and atg7ΔKC (B) preputial glands that were arranged pairwise on indium tin-oxide glass slides for comparison under equal experimental conditions with MSI ((i) slide 5, (ii) slide 6, each section is from a diﬀerent mouse. Section autoﬂuorescence was imaged with TissueFAXS at 488 nm; areas with immature sebocytes are circled with green, areas with mature sebocytes are circled with red. Areas with endothelial structures are marked in blue, but did not yield an area large enough for MSI analysis). All ions detected in the immature and mature sebocyte areas of slide 4 (Figure 7, C and D) and slides 5 and 6 (Figure S7) are listed in Tables S5 and S6. Bar: 150 µm, 200 µm. (C and D) Images of the m/z values demonstrating the highest diﬀerences in abundance in atg7ΔKC PG, ranked by ROC analysis. The top two ions that are more (C) or less abundant (D) in atg7ΔKC “mature sebocyte” areas (small red circled areas) are shown for the two genotypes on slide 4 (Figure 7). (I) The mass (protonated ion [M+H]+) of 691.5462 (with a delta of 0.0005) indicates the molecular formula of C42H75O7, which is shared by DAG 39:4;O2, TAG 39:3;O and TAG O-39:4;O2 (source: www.lipidmaps.org). The m/z values of (II) (738.5417), (III) (762.5914) and (IV) (730.5373) indicate the formulas C42H77NO7P, C45H80NO8 and C40H77NO8P, respectively. Ion images are overlayed over autofluorescence images. All ions with a ROC AUC of larger than 0.75, reflecting an increased, or lower than 0.25, reﬂecting a decreased abundance, in areas of mature and immature sebocytes in atg7ΔKC are listed in Table S5. Color scheme bars indicate the total ion count (TIC) normalized relative intensity distribution for each ion from 0% (black) to 100% (yellow). Bar: 200 µm. (E) Images of the m/z values best colocalized with m/z: 760.585. Ions that colocalized best with m/z: 760.585 (PC 34:1) in the areas indicated in Figure S7 (C and D) were extracted from Table S5 using SCiLS software. Displayed are ion images of those m/z that showed the highest coeﬃcients in a Pearson’s correlation analysis, were statistically signiﬁcant (p<0.05), and were also found downregulated in the HPLC-MS. These m/z (protonated ion [M+H]+) for (α) (732.5538) (β) (746.5696) (γ) (758.5682) and (δ) (786.6015) indicate the molecular formulas of C40H79NO8P, C41H81NO8P, C42H81NO8P,C44H85NO8P, and had been tentatively identified in the HPLC-MS as PC 32:1, PC 33:1, PC 34:2 and PC 36:2. Ion images are overlayed over autoﬂuorescence images. Color scheme bars indicate the total ion count (TIC) normalized relative intensity distribution for each ion from 0% (black) to 100% (yellow) Bar: 200 µm.
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Figure S1 FigureS1B:Lipiddropletsinatg7DKCPGsebocytesareaberrantlyshaped.H+Eofformalinfixed,paraffinembeddedandORO stainingoffrozen,OCTembeddedPGfrommiceaged12-14months.Shownareenlargementsfromtheseptumarea(i),(i’)andlysis zones(ii),(ii’)ofPGsebocytes.Lipiddropletsareirregularandlesstightlypackedinatg7DKCPG.Photosarerepresentativeof9Atg7F/F and8atg7DKCmiceforH+Estainings,and4Atg7F/Fand5atg7DKCmiceforOROstainings.NotethatphotosofH+EandOROstainsare necessarilyfromdifferentmice.Bar:50and10µmfororiginalsandenlargementsrespectively. B a t g 7 D K C               A t g 7 F/F (ii) (ii‘) (ii‘) (ii) (i) (i) (ii) (i‘) (i‘) (ii‘) (i) (i‘) (i) septumarea (ii) lysiszone FigureS1A:atg7DKCmice:GFPpositivedebrisisonlyvisibleinsomeducts,butnotinsidecells. Toprow:originalphotosfromonemouse.Similarsequenceswereseenineachofthe4micestained.Bar:50µm. Lowerrow:Excerptsenlarged5xfromtheoriginalphotos.Thelowercaselettersdesignatetheoriginoftheexcerptsinthe panelsinthetoprow.Allframeswereenhancedequally.PGwereexcised,fixedin7.5%formalin,cut,stainedwithanti-GFP andanti-PLIN2antibodies,andsectionswerephotographedwithalaserscanningmicroscope,asdetailedinMaterialsand Methods.D:ducts,containingunlysedcellremnants.Bar:10µm Areaa:PLIN2negative.Immaturesebocytes. Areab:PLIN2positive:Sebocytesarematuring,buthavenotyetreachedthelysiszone.PLIN2visiblycoatslipiddroplets. Areac:Lysiszone:PLIN2coverslarge,cavernous-lookingstructures,partiallyfilledwithPLIN2stainingmaterial(arrowhead). Thebordertocompletecelllysisisoftendifficulttodiscern. Aread:Duct:SomePLIN2positivematerial,apparentlystillcoatinglipiddroplets,remainsintheducts. Area a: PLIN2 negative Area b: PLIN2 positive Area c: Lysis zone Area d: duct a D b D d D Area a: PLIN2 negative Area b: PLIN2 positive Area c: Lysis zone Area d: duct a eb c h D d c D PLIN2/GFP A
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FigureS1B:

Lipiddropletsinatg7
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KCPGsebocytesareaberrantlyshaped.H+Eofformalinfixed,paraffinembeddedandORO
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D

KCPG.Photosarerepresentativeof9Atg7F/F
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D
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D
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GFP positive debris is visible in some ducts
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KC mice, but not inside cells.


 


Top row:


 


original 


photos from one mouse. Similar sequences were seen in each of the 


fo


ur 


mice stained. Bar: 50
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m.


 


Lower row:


 


Excerpts enlarged 5x from the original photos. The lowercase letters designate the origin of the excerpts in the 


panels in the top row. All frames were enhanced equally. PG were excised, fixed in 7.5% formalin, cut, stained with 


anti


-


GFP and anti


-


PLIN2 ant


ibodies, and sections were photographed with a laser scanning microscope, as detailed 


in Materials and Methods. D: ducts, containing 


u


nlysed cell remnants. Bar: 10
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m


.


 


Area a:


 


PLIN2 negative. 


Immature sebocytes. 


Area b


: 


PLIN2 positive: Sebocytes are maturi


ng, but have not yet reached the lysis zone. 


PLIN2 visibly coats lipid droplets.


 


Area c:


 


Lysis zone: PLIN2 covers large, cavernous


-


looking structures, partially 


filled with PLIN2 staining material (arrow head). The border to complete cell lysis is often di


fficult to discern.


 


Area 


d:


 


Duct: Some PLIN2 positive material, apparently still coating lipid droplets, remains in the 


ducts


.
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1         Figure S1 .   GFP positive debris is visible in some ducts   of  a tg7 ? KC mice, but not inside cells.   Top row:   original  photos from one mouse. Similar sequences were seen in each of the  fo ur  mice stained. Bar: 50   µ m.   Lower row:   Excerpts enlarged 5x from the original photos. The lowercase letters designate the origin of the excerpts in the  panels in the top row. All frames were enhanced equally. PG were excised, fixed in 7.5% formalin, cut, stained with  anti - GFP and anti - PLIN2 ant ibodies, and sections were photographed with a laser scanning microscope, as detailed  in Materials and Methods. D: ducts, containing  u nlysed cell remnants. Bar: 10   µ m .   Area a:   PLIN2 negative.  Immature sebocytes.  Area b :  PLIN2 positive: Sebocytes are maturi ng, but have not yet reached the lysis zone.  PLIN2 visibly coats lipid droplets.   Area c:   Lysis zone: PLIN2 covers large, cavernous - looking structures, partially  filled with PLIN2 staining material (arrow head). The border to complete cell lysis is often di fficult to discern.   Area  d:   Duct: Some PLIN2 positive material, apparently still coating lipid droplets, remains in the  ducts .         Figure S1FigureS1B:Lipiddropletsinatg7KCPGsebocytesareaberrantlyshaped.H+Eofformalinfixed,paraffinembeddedandOROstainingoffrozen,OCTembeddedPGfrommiceaged12-14months.Shownareenlargementsfromtheseptumarea(i),(i’)andlysiszones(ii),(ii’)ofPGsebocytes.Lipiddropletsareirregularandlesstightlypackedinatg7KCPG.Photosarerepresentativeof9Atg7F/Fand8atg7KCmiceforH+Estainings,and4Atg7F/Fand5atg7KCmiceforOROstainings.NotethatphotosofH+EandOROstainsarenecessarilyfromdifferentmice.Bar:50and10mfororiginalsandenlargementsrespectively.Batg7KC       Atg7F/F(ii)(ii‘)(ii‘)(ii)(i)(i)(ii)(i‘)(i‘)(ii‘)(i)(i‘)(i) septumarea(ii) lysiszoneFigureS1A:atg7KCmice:GFPpositivedebrisisonlyvisibleinsomeducts,butnotinsidecells.Toprow:originalphotosfromonemouse.Similarsequenceswereseenineachofthe4micestained.Bar:50m.Lowerrow:Excerptsenlarged5xfromtheoriginalphotos.Thelowercaselettersdesignatetheoriginoftheexcerptsinthepanelsinthetoprow.Allframeswereenhancedequally.PGwereexcised,fixedin7.5%formalin,cut,stainedwithanti-GFPandanti-PLIN2antibodies,andsectionswerephotographedwithalaserscanningmicroscope,asdetailedinMaterialsandMethods.D:ducts,containingunlysedcellremnants.Bar:10mAreaa:PLIN2negative.Immaturesebocytes.Areab:PLIN2positive:Sebocytesarematuring,buthavenotyetreachedthelysiszone.PLIN2visiblycoatslipiddroplets.Areac:Lysiszone:PLIN2coverslarge,cavernous-lookingstructures,partiallyfilledwithPLIN2stainingmaterial(arrowhead).Thebordertocompletecelllysisisoftendifficulttodiscern.Aread:Duct:SomePLIN2positivematerial,apparentlystillcoatinglipiddroplets,remainsintheducts.
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