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mmSTOM MSDKRQSSHV QSQRIPESFR ENSKTELGAC GWILVAASFF FVIITFPISI WICIKIVKEY  60 
mmSLP3  -------MDS PEKLEKNNLV GTNKSRLGVC GWILFFLSFL LMLVTFPISV WMCLKIIKEY  53 
ceMEC2 VKKEKQAEKD VEKGNGKEEK ANIQNEFGVC GWILTILSYL LIFFTLPISA CMCIKVVQEY 147 
phSTOM ---------- ---------- -----MMFAT NFFVTSIILL FILIFLAS-- --AIKIVKEY  31 
mmPODO  GPGEEGTEVV ALLESERPEE GIKPSGLGAC EWLLVLASLI FIIMTFPFSI WFCIKVVQEY 133 
mmSLP2 ---------- ------MLAR AARGTGALLL RGSVQASGRV PRRASSGLPR NTVILFVPQQ  44 
mmSLP1  LGSQKGCLSP EPGSVGPGAD APESWPSCLC HGLVSVLGFL LLLLTFPISG WFALKIVPTY  85 
hsFLOT1 ---------- ---------- ---------- ---------- ------MFFT CGPNEAMVVS  14 
mmFLOT2 ---------- ---------- ---------- ---------- ----MGNCHT VGPNEALVVS  16 

mmSTOM ERVIIFRLGR ILQGGAKGPG LFFILPCTDS LIKVD-MRTI SFDIPPQEVL TKDSVTISVD 119 
mmSLP3 ERAVVFRLGR IQADKAKGPG LILVLPCIDV FVKVD-LRTV TCNIPPQEIL TRDSVTTQVD 112 
ceMEC2 ERAVIFRLGR LMPGGAKGPG IFFIVPCIDT YRKVD-LRVL SFEVPPQEIL SKDSVTVAVD 206 
phSTOM ERAVIFRLGR VVG--ARGPG LFFIIPIFEK AVIVD-LRTQ VLDVPVQETI TKDNVPVRVN  88 
mmPODO ERVIIFRLGH LLPGRAKGPG LFFFLPCLDT YHKVD-LRLQ TLEIPFHEVV TKDMFIMEID 192 
mmSLP2 EAWVVERMGR FHR--ILEPG LNVLIPVLDR IRYVQSLKEI VINVPEQSAV TLDNVTLQID 102 
mmSLP1 ERMIVFRLGR IRN--PQGPG MVLLLPFIDS FQRVD-LRTR AFNVPPCKLA SKDGAVLSVG 142 
hsFLOT1 GFCRS--PPV MVAGGR--VF VLPCIQQIQR ISLNT----L TLNVKSEKVY TRHGVPISVT  66 
mmFLOT2 GGCCGSDYKQ YVFGGW--AW AWWCISDTQR ISLEI----M TLQPRCEDVE TAEGVALTVT  70 

mmSTOM GVVYYRVQN- -ATLAVAN-- ------ITNA DSATRLLAQT TLRNALGTKN LSQILSDREE  169 
mmSLP3  GVVYYRIYS- -AVSAVAN-- ------VNDV HQATFLLAQT TLRNVLGTQT LSQILSGREE  162 
ceMEC2 AVVYFRISN- -ATISVTN-- ------VEDA ARSTKLLAQT TLRNILGTKT LAEMLSDREA  256 
phSTOM  AVVYFRVVD- -PVKAVTQ-- ------VKNY IMATSQISQT TLRSVIGQAH LDELLSERDK  138 
mmPODO  AVCYYRMEN- -ASLLLSS-- ------LAHV SKAIQFLVQT TMKRLLAHRS LTEILLERKS  242
mmSLP2 GVLYLRIMD- -PYKASYG-- ------VEDP EYAVTQLAQT TMRSELGKLS LDKVFRERES  152 
mmSLP1 ADVQFRIWD- -PVLSVMA-- ------VKDL NTATRMTAHN AMTKALLRRP LQEIQMEKLK  192 
hsFLOT1 GIAQVKIQGQ NKEMLAAACQ MFLGKTEAEI AHIALETLEG HQRAIMAHMT VEEIYKDRQK  126 
mmFLOT2 GVAQVKIMT- EKELLAVACE QFLGKNVQDI KNVVLQTLEG HLRSILGTLT VEQIYQDRDQ  129 

mmSTOM IAHHMQSTLD DATDDWGIKV ERVEIKDVKL PVQLQRAMAA EAEAAREARA KVIAAEGEMN  229 
mmSLP3 IAHSIQTLLD DATELWGIRV ARVEIKDVRI PVQLQRSMAA EAEATREARA KVLAAEGEMN  222 
ceMEC2 ISHQMQTTLD EATEPWGVKV ERVEVKDVRL PVQLQRAMAA EAEAAREARA KVIVAEGEQK  316 
phSTOM LNMQLQRIID EATDPWGIKV TAVEIKDVEL PAGMQKAMAR QAEAERERRA RITLAEAERQ  198 
mmPODO IAQDVKVALD AVTCIWGIKV ERTEIKDVRL PAGLQHSLAV EAEAQRQAKV RVIAAEGEKA  302 
mmSLP2 LNANIVDAIN QAADCWGIRC LRYEIKDIHV PPRVKESMQM QVEAERRKRA TVLESEGTRE  212 
mmSLP1 IGDQLLLEIN DVTRAWGLEV DRVELAVEAV LQPPQDSLTV PSLDSTLQQL ALHLLGGSMN  252 
hsFLOT1 FSEQVFKVAS SDLVNMGISV VSYTLKDIHD DQDYLHSLGK ARTAQVQKDA RIGEAEAKRD  186 
mmFLOT2 FAKLVREVAA PDVGRMGIEI LSFTIKDVYD KVDYLSSLGK TQTAVVQRDA DIGVAEAERD  189 

mmSTOM ASRALKEASM VITESPAALQ LRYLQTLTTI AAEKNSTIVF PLPVDMLQGI MGSNH-----  284 
mmSLP3 ASKSLKSASM VLAESPVALQ LRYLQTLTTV ATEKNSTIVF PLPMNILEGI GGISYGNNKK  282 
ceMEC2 ASRALKEAAE VIAESPSALQ LRYLQTLNSI SAEKNSTIIF PFPIDLLSAF LQRTPPKVEE  376 
phSTOM AAEKLREAAE IISEHPMALQ LRTLQTISDV AGDKSNVIVL MLPMEMLKLF KSLSDAAEAY  258 
mmPODO ASESLRMAAE ILSGTPAAVQ LRYLHTLQSL STEKPATVVL PLPFDMLSLL SSPGNRAQGS  362 
mmSLP2  SAINVAEGK- KQAQILASEA EKAEQINQAA GEASAVLAKA KAKAEAIRIL AGALTQHNGD  271 
mmSLP1 SAVGRVPSPG PDTLEMINEV EPPASLAGAG AEPSPKQPVA EGLLTALQPF LSEALVSQVG  302 
hsFLOT1 AGIREAKAKQ EKVSAQYLSE IEMAKAQRDY ELKKAAYDIE VNTRRAQADL AYQLQVAKTK  246 
mmFLOT2 AGIREAECKK EMLDVKFMAD TKIADSKRAF ELQKSAFSEE VNIKTAEAQL AYELQGAREQ  249 
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Suppl. Fig. 1: Sequence alignment and oligomerization of SPFH domain proteins  
A) Sequences of mouse stomatin (Expasy accession number P54116), mouse STOML-1 
(Q8CI66), mouse STOML-2 (Q99JB2), mouse STOML-3 (Q6PE84), mouse podocin 
(Q91X05), human Flotillin 1 (O75955), mouse Flotillin 2 (Q60634) and ph stomatin 
(O59180) were aligned using ClustalW (Thompson et al., 1994), and the alignment was 
manually adjusted. Secondary structure elements are shown on top. The following 
residues are indicated: D - dimerization interface, 1 - oligomerization interface-1, 
2 - oligomerization interface-2, P - hydrophobic pocket. Selected mutation in MEC-2 
causing touch insensitivity in C. elegans (Chalfie and Sulston, 1981; Zhang et al., 2004) 
are indicated in pink.  
B, C) Oligomerization of SPFH domain proteins. (B) For ph stomatin (pdb 3BK6), a 
trimeric assembly was found where residues N-terminal of the stomatin domain form a 
β-strand which contacts the C-terminus of the next monomer. (C) The SPFH domains of 
the major vault protein (MVP, pdb 2ZUO) within the vault are stacked next to each other 
via lateral contacts of α2 and β4. The N- and C- termini of the MVP SPFH domain are 
not involved in the assembly of the higher-order oligomers. 
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Suppl. Fig. 2: BiFC time course experiments  
HEK cells were co-transfected with plasmids encoding stomatin fused to N- and C-
terminal fragments of YFP. Relative fluorescence intensity was monitored 8 h after 
transfection over 16 hours. (A) Representative results for stomatin/stomatin (n=3) and the 
stomatin V197P/V197P mutant (n=5) from parallel experiments. (B) The slope of the 
increase in relative fluorescence intensity over time was determined by a linear fit. Data 
of the V197P mutant were normalized to stomatin. n = number of individual 
transfections. *** p< 0.001 according to two tailed T-test. 
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Supplementary Figure 3 

 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Suppl. Fig. 3: ASIC3-mediated currents in adult mouse fibroblasts.  
Tail derived mouse adult fibroblasts from wild type and stomatin-/- mice were transfected 
with an ASIC3 encoding plasmid and an eGFP expressing plasmid. Proton-induced 
currents were recorded to stimuli of pH 4.0 and pH 6.0 in GFP-expressing cells. Each dot 
represents one cell measurement and the red lines show mean ± SEM. Fibroblasts were 
obtained from 2 wild type and 2 stomatin-/- mice.  
In agreement with our previous results, ASIC3-currents were on average larger in 
stomatin-/- fibroblasts compared to wild type cells, but the difference was not significant, 
according to Student’s T-test. We found that many GFP expressing cells of both 
genotypes failed to exhibit any ASIC3-like current, perhaps indicating that channel 
trafficking to the membrane is intrinsically different in primary mouse fibroblasts 
compared to CHO cells.   
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Suppl. Fig. 4: Cellular localization and expression of stomatin mutants in CHO cells 
A) Western blot analysis of CHO cells transfected with Myc-His stomatin plasmids, 
using an anti-Myc and anti-tubulin antibody as loading control, showing comparable 
expression levels for all mutants. 
B) CHO cells were grown to a density of 60% before co-transfection with plasmids 
containing mouse stomatin-mCherry or the indicated stomatin mutants and eGFP-ASIC3 
or the indicated mutants. 24 h post transfection, cells were fixed and analyzed by 
confocal microscopy using the ImageJ software. Representative cells are shown. Sections 
marked by red or green boxes are merged and shown magnified on the right. The scale 
bar represents 20 µm.  



Supplementary Figure 5 
 

 
 
Suppl. Fig. 5: BiFC microscopy of stomatin and ASIC3 in CHO cells.  
CHO cells were co-transfected with plasmids encoding ASIC3 fused to a C-terminal 
fragment of YFP and stomatin fused to an N-terminal fragment of YFP. 24 h post 
transfection, cells were subjected to live cell imaging using epifluorescence microscopy. 
For all stomatin constructs, co-localization with ASIC3 in perinuclear structures and at 
the plasma membrane was visible (A-G). Also the LL488,489DD mutant of ASIC3 
similarly co-localized with stomatin. The white scale bar corresponds to 20 µm. 
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Suppl. Fig. 6: ASIC2a inactivation at pH 4.0  
Dot plots of inactivation time of ASIC2a at pH 4.0. Each dot represents one cell 
measurement, and the red lines show the median for each data set. The Kruskal-Wallis 
test followed by Dunn’s post test and statistical comparisons of inactivation time 
compared to ASIC2a expressed alone and ASIC2a co-expressed with stomatin or the 
indicated mutants is shown. n/a, not applicable; n.s., not significant; ***, p < 0.001. 
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Suppl. Fig. 7: Crystal packing of the mouse stomatin domain constructs In all three crystal forms, a stomatin dimer with a C-terminal dimerization interface was observed. In crystal form 1 (A) and 2 (B), the dimers show an intertwined helical crystal packing, formed by additional contacts of the N-terminal loop preceding the stomatin domain (including Leu91 and Ile92) with the hydrophobic pocket of the adjacent dimer. In (A), the dimers form a homogeneous helix, whereas in (B), the helix is bulky. This difference originates from the flexibility of the N-terminal loops. (C) 3D figure showing the arrangement of stomatin dimers in crystal form 3, as seen in Fig. 6B. For viewing, the latest version of the freely available Adobe Reader 9 should be installed. Move the cursor over the figure and use left button to activate the 3D-mode. Use mouse left button for rotation, left button / shift for zoom function and left button / ctrl for translation. Preset views are available in the Toggle menu tree. To return to Supplementary Figure 3, use right mouse button and "Disable 3D". In crystal form 3, a tubular oligomeric arrangement is established by symmetric contacts of the stomatin domain via interface-1 and 2. Our mutagenesis data and the surface conservation plots might indicate that higher-order stomatin assembly proceeds in a similar fashion as in crystal form 3. It might also involve hetero-oligomerization between different stomatin members (Lapatsina et al., 2012; Mairhofer et al., 2009). Both N- and C-termini of stomatin point towards gaps in the tubular oligomers. From the crystal structure, it is unclear whether the termini would further extend to the exterior or interior of the tubular oligomer. 
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Suppl. Fig. 8: Functional characterization of the ASIC3 LL488,489DD mutant  
(A) Similar levels of ASIC3 and ASIC3 LL488,489DD were co-immunopreciptated by 
Myc-tagged stomatin.  
(B) Overexpressed ASIC3 LL488, 489DD in CHO cells shows increased transient (T) 
and sustained (S) currents. The maximal sustained current amplitude was determined as 
indicated on the left. The ASIC3 LL488, 489DD mutant showed increased sustained (S) 
current amplitudes compared to ASIC3 which were not affected by stomatin co-
expression. ***, p < 0.001 
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