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Supplementary Figure 1 Cryo-EM analysis of the hPMCA1-NPTN complex. a,

The hPMCAL-NPTN/BASI complexes were purified by Superose-6 column. The
indicated fractions were subjected to SDS-PAGE, and the proteins were visualized by
Coomassie blue staining. MS analysis of the additional poorly resolved bands
identified both NPTN and BASI. hPMCA1-NPTN/BASI represents a mixture of the
hPMCA1-NPTN complex and the hPMCAL-BASI complex. b, Representative

cryo-EM micrograph and 2D class averages.
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Supplementary Figure 2 Flowchart for cryo-EM data processing. Please refer to

Image Processing in the Methods section for details of the flowchart.



rSERCA

hPMCA4

hPMCA4

hPMCA1
TSERCA
hPMCA2

hPMCA3
hPMCA4

hPMCA4

hPMCA1
rSERCA

'hPMCA3

hl ™I ] 0 T™MI
MGDMANNSVAYSGVKNSLKEANHDGDFGITLAELRALMELRSTDALRKIQESYGDVYGIETKLKTSPNEGLSGNPADLERREAVFGKNFIPPKKPKTFLQLYWEALQDVTLILLEIAAIV 120
———————————————————————————————————————————————— MEAAHSKSTEECLAYFG-VSETTGLTPDQVKRHLEKYGHNELPAEEGKSLWELVIEQFEDLLVRILLLAACI 71
MGDMTNSDFYSKNQRNESSHGGEFGCTMEELRSLMELRGTEAVVKIKETYGDTEAIERRLKTSPVEGLPGTAPDLEKRKQIFGQNFIPPKKPKTFLQLVWEALQDVTLIILETIAAIT 117
---MGDMTNSDFYSKNQRNESSHGGEFGCTMEELRSLMELRGTEAVVKIKETYGDTEAICRRLKTSPVEGLPGTAPDLEKRKQIFGONFIPPKKPKTFLOQLVWEALQDVTLITILEIAAITI 117
MGDMANSSIEFHPKPQQQRDVPQAGGFGCTLAELRTLMELRGAEALQKIEEAYGDVSGLERRLKTSPTEGLADNTNDLEKRRQIYGQONFIBPPKQPKTFLQLVWEALQDVTLIILEVAAIV 120
----- MTNPSDRVLPANSMAESREGDFGCTVMELRKLMELRSRDALTQINVHYGGVQNLESRLKTSPVEGLSGNPADLEKRRQVFGHNVIEPKKPKTFLELVWEALQDVTLIILEIARIT 115

™I TMZ i s1 52
SLGLSFYQPPEGDNALCGEVSVGEE-EGEGETGWIEGAATLLSVVCVVLYTAFNDWSKEKQFRGEQSRIEQEQKFTVIRGGQVIQIPVADITVEDTAQVKYGDLLPADG--TLEQGNDEK 237
SFVLAWFEEGE -ETITAFVEPFVILLILIANAIVGVWQERNAENAIEALKEYEPEMGKVYRADRKSVQRIKARDIVPGDIVEVAVGDKVPADIRILSIKSTTLR 174
SLGLSFYHPPGEGNEGCATAQGGAEDEGEAEAGWIEGAAILLSVICVVLVTAFNDWSKEKQFRGLQSRIEQEQKFTVVRAGQVVQIPVAEIVVGDIAQVKYGDLLPADG--LFIQGNDLK 235
SLGLSFYHPPGESNEGCATAQGGAEDEGEAEAGWIEGAAILLSVICVVLVTAFNDWSKEKQFRGLQSRIEQEQKFTVVRAGQVVQIPVAEIVVGDIAQIKYGDLLPADG--LFIQGNDLK 235
SLGLSFYAPPGEESEACGNVSGGAEDEGEAEAGWIEGAAILLSVICVVLVTAFNDWSKEKQFRGLQSRIEQEQKFTVIRNGQLLQVPVAALVVGDIAQVKYGDLLEADG-~VLIQANDLK 238
SLVLSFYRPAGEENELCGQVATTPEDENEAQAGWIEGAAILFSVIIVVLYTAFNDWSKEKQFRGLQCRIEQEQKFSIIRNGQLIQLPVAEIVVGDIAQVKYGDLLEADG--ILIQGNDLK 233

53 s4 h2
IDESSLTGESDHVKKS LDKDELLLSGTHVMEGSGRMVVTAVEVNSQTGIIFTLLGAGGEEEEKKDEKKKEK - KNKKQDGAIENRNKAKAQDGA 329
VDQSTLTGESVSVIKHTEPVEDPRAVNQDKKN---—— MLFSGTNIAAGKALGIVATTG 228

IDESSLTGESDQVRKSVDKDPMLLSGTHVMEGSGRMLVTAVGVNSQTGIIFTLLGAGGEEEEKKDKKGVKKGDGLQLPAADGAAASNAADSANASLVNGKMQDGNVDASQSKAKQQDGAA 353

IDESSLTGESDQVRKSVDKDPMLLSGTHVMEGSGRMVVTAVGVNSQTGIIFTLLGAGGEEEEKKDKK=~~~~ 5777 e e e om0 AKQQDGAA 310

IDESSLTGESDHVRKSADKDPMLLSGTHVMEGSGRMVVTAVGVNSQTGIIFTLLGAGGEEEEKKDKKG=-~~ KQQDGAMESSQTKAKKQDGAV 327

IDESSLTGESDHVKKSLDKDPMLLSGTHVMEGSGRMVVTAVEVNSQTGIILTLLGVNEDDEGEKKKKGKKQ-~~~~~~--ccmccccrmccnccccccnconana GVPENRNKAKTQDGV 319
* R268Q

™3 D THY ( THA"

AMEMQPLKSEEGGDGDEKDKKKANLPKKEKSVLQGKLTKLAVQIGKAGLLMSAITVIILVLYEVIDTFWVQKRPWLAECTPIYIQYFVKFEIIGVTVLYVAVEEGLELAVEISLAYSVKK 449
STEIGKIR======m===== DQMAATEQDKTPLOQKLDEFGEQLSKVISLICVAVWLINIGHENDPVHGG-=========~ SWIRGAIYYFKIAVALAVAAIPEGLPAVITTCLALGTRR 325
AMEMQPLKSAEGGDADDR--KKASMHKKEKSVLOGKLTKLAVQIGKAGLYVMSAITVIILVLYETVDTFVVNKKPWLPECTPVYVQYFVKFEIIGVTVLYVAVPEGLPLAVTISLAYSVKK 473
AMEMQPLKSAEGGDADDK--KKANMHKKEKSVLOGKLTKLAVQIGKAGLVMSAITVIILVLYETVDTFVVNKKPWLTECTPVYVQYFVKFFIIGVTVLYVAVPEGLPLAVTISLEAYSVKK 428
AMEMQPLKSAEGGEMEEREKKKANAPKKEKSVLOGKLTKLAVQIGKAGLVMSAITVIILVLYEVIETFVVEGRTWLAECTPVYVQYFVKFEIIGVTVLYVAVPEGLPLAVTISLEAYSVKK 447

ALEIQ 'NSQEGIDNEEl(DKKAVKVPKKEKSVLQGKLTRLF\VOIGK!\GLLMSALTVFILILYE‘VIDNFVINRRPWLPECTPIYIQYFVKE‘E‘IIGITVLVVAVPEGLPLAVTISLAYSVKK 439
TMAY  csY Al 52 ST h1 1 h2
MMKDNNLVRHLDACETMGNATAICSDKTGTLTMNRMTVVQAYINEKHYKKVPEP-===-cccccccccccccaxa EAIPPNILSYLVTGISVNCAYTSKILPPEKEGGLPRHVGNKTECAL 549

MAKKNAIVRSLPSVETLGCTSVICSDKTGTLTTNOMSVCKMFIIDKVDGDFCSLNEFSITGSTYAPEGEVLKNDKPIRSGQFDGLVELATICALCNDSSLDFNETKGVYEKVGEATETAL 445

MMKDNNLVRHLDACETMGNATAICSDKTGTLTTNRMTVVQAYVGDVHYKEIPDP ~SSINTKTMELLINAIAINSAYTTKILPPEKEGALPRQVGNKTECGL 573

MMKDNNLVRHLDACETMGNATAICSDKTGTLTTNRMTVVQAYVGDVHYKEIPDP SSINAKTLELLVNAIAINSAYTTKILPPEKEGALPRQVGNKTECGL 528

MMKDNNLVRHLDACETMGNATAICSDKTGTLTTNRMTVVQSYLGDTHYKEIPAP SALTPKILDLLVHAISINSAYTTKILPPEKEGALPRQVGNKTECAL 547

MMKDNNLVRHLDACETMGNATAICSDKTGTLTMN:I‘;TG‘;xQF\YIGGIHYRQIPSP DVFLPKVLDLIVNGISINSAYTSKILPPEKEGGLPRQVGNKTECAL 539
4

°
h2 h3 D475 s2 53 st *hd s5 56 hS

LGLLLDLKRDYQDVRNEIPEE--~------=-c--= ALYKVYTENSVRKSMSTVLKNSDG----~ SYRIFSKGASEIILKKCFKILSANGEAKVFRPRDRDDIVKTVIEPMASEGLRTICLA 651
TTLVEKMNVFNTEVRNLSKVERANACNSVIRQLMKKEFTLEESRDRKSMSVYCSPAKSSRAAVGNKMFVKGAPEGVIDRCNYVRVGTTRVPMTGPVKEKILSVIKEWGTGRDTLRCLALA 565
LGFVLDLKQDYEPVRSQMPEE KLYKVYTENSVRKSMSTVIKLPDE-----SFRMYSKGASEIVLKKCCKILNGAGEPRVFRPRDRDEMVKKVIEPMACDGLRTICVA 675
LGFVLDLRQDYEPVRSQMPEE KLYKVYTENSVRKSMSTVIKMPDE-----SFRMYSKGASEIVLKKCCKILSGAGEARVFRPRDRDEMVKKVIEPMACDGLRTICVA 630
LGFVLDLKRDFQPVREQIPED KLYKVYTENSVRKSMSTVIRMPDG-----GFRLFSKGASEILLKKCTNILNSNGELRGFRPRDRDDMVRKIIEPMACDGLRTICIA 649
LGFVTDLKQDYQAVRNEVPEE KLYKVYTENSVRKSMSTVIRNPNG- ——GPRNYSKGASEI}Cb?;;ﬁNRILDRKGEAVPF‘KNKDRDDMVRT\IIEPMACDGLRTICIA 641

87 h2 s3 il h3 h4 hs

FRDFPAGEPEPEWDNEN---DIVTGLECIAVVGIEDPVRPEVPDATKKCQRAGITVRMVTIGDN INTARATATKCGEI LHPGEDFLCLEGKDFNRRIRNEKGEIEQERIDKIWPKLRVLARS 768
TRDTPPKREEMVLDDSSRFMEYETDLTFVGVVGMLDPPRKEVMGSTIQLCRDAGIRVIMITGDNKGTAIAICRRIGI FGENE-~--EVADRAYTGREFDDLPLAEQR~-~-~EACRRACCFARV 679
YRDFPSS-PEPDWDNEN---DILNELTCICVVGIEDEVRPEVPEAIRKCQRAGITVRMVIGDNINTARAIAIKCGI IHPGEDFLCLEGKEFNRRIRNEKGEIEQERIDKIWPKLRVLARS 791
YRDFPSS-PEPDWDNEN---DILNELTCICVVGIEDEVRPEVPEATIRKCQRAGITVRMVIGDNINTARATIAIKCGI IHPGEDFLCLEGKEFNRRIRNEKGETEQERIDKIWPKLRVLARS 746
YRDFSAG-QEPDWDNEN---EVVGDLTCIAVVGIEDPVRPEVPEAIRKCORAGITVRMVIGDNINTARAIAAKCGI IQPGEDFLCLEGKEFNRRIRNEKGEIEQERLDKVWPKLRVLARS 763
YRDFDDT——EPSWDNEN--—EILTELTC&AI‘\S\SI!NGIED?VRPEVPDAIAKCKQAG!TVRMVTGDNINTARAIATKCGI LTPGDDFLCLEGKEFNRLIRNEKGEVEQEKLDKIWPKLRVLARS 756

hé s4 7 he 5 i ™S 7 ™6 )
SBTDKHTLUKGIIDSTVSDQRQVVAVIGDHGTNDGEALKKADVGFAMGIAGTDVAKEASDI ILTDDNFTS IVKAVMWGRNVYDSISKELQFQLTVNVVAVIVAFTGACITQDSPLKAVOML 888
EPSHKSKIVEYLQS=-=-~-~-~- YDEITAMTGDGVNDAPALKKAEIGIAMGSG-TAVAKTASEMVLADDNESTIVAAVEEGRAIYNNMKQFIRYLISSNVGEVVCIFLTAALGLPEALIPVQLL 793

SPTDEKHTLVKGIIDSTHTEQRQVVAVIGDGTNEGPALKKADVGFAMGIAGTDVAKEASDIILTDDNFSSIVKAVMWGRNVYDSISKFLQFQLTVNVVAVIVAFTGACITQDSPLKAVOML 911
SPTDKHTLVKGIIDSTHTEQRQVVAVIGDGTNDGPALKKADVGFAMGIAGTDVAKEASDIILTDDNFSSIVKAVMWGRNVYDSISKFLQFQLTVNVVAVIVAFTGACITQDSPLKAVOML 866
SPTDEHTLVKGIIDSTTGEQRQVVAVIGDGTNDGPALKKADVGFAMGIAGTDVAKEASDIILTDDNFTSIVKAVMWGRNVYDSISKFLQFQLTVNVVAVIVAFTGACITQDSPLKAVOML 885
SPTDKHTLVKGIIDSTVGEHRQVVAVIGDGTNDGPALKKADVGFAMGIAGTDVAKEASDIILTDDNFTSIVKAVMWGRNVYDSISKFLQFQLTVNVVAVIVAFTGACITQDSPLKAVOML 876
THE D ™ 7 | —  S— Mo
WVNLIMDTLASLALATEPPTESLLLRKPYGRNKPLISRTMMKNILGHAFYQLVVVFTLLFAGEKFFDIDSGRNAPLHAPESEHYTIVFNTFVLMQLENEINARKIHGERNVFEGIFNNAI 1008
WVNLVTDGLPATALGFNPPDLDIMDRPPRSPKEPLIS -GWLFFRYMAIGGYVGAATVGAAAWWFMYAEDGPG-~--~ ~VIYHQLTHFMQCTEDHPHFEG-LDCEIFEAPE 895
WYNLIMDTFASLALATEPPTETLLLRKPYGRNKPLISRTMMKNILGHAVYQLALIFTLLFVGEKMFQIDSGRNAPLHSPPSEHYTIIFNTFVMMQLENEINARKIHGERNVFDGIFRNPI 1031
WYNLIMDTFASLALATEPPTETLLLRKPYGRNKPLISRTMMKNILGHAVYQLTLIFTLLFVGEKMFQIDSGRNAPLHSPEPSEHYTIIFNTFVMMQLENEINARKIHGERNVFDGIFRNPI 986
WVNLIMDTFASLALATEPPTESLLLRKPYGRDKPLISRTMMKNILGHAVYQLAIIFTLLFVGELFFDIDSGRNAPLHSPPSEHYTIIFNTFVMMQLENEINAR. GERNVFDGIFSNPI 1005
WVNLIMDTFAiléainéTEPPTESLLKRRPYGRNKPLISRTMMKNILGH}\FYQLIVIFILVFAGEKFFD]DSGRKAFLHSPFSQHYTZVFNT?VLMQLFNEINSR GEKNVFSGIYRNII 996
™S i TM10 D
FCTIVLGTFVVQIIIVQFGGKPFSCSELSIEQWLWSIFLGMGTLLWGQLISTIPTSRLKFLKEAGHGTQKEEIPEEELAEDVEEIDHAERELRRGQILWFRGLNRIQTQMDVVNAFQSGS 1128
PMTMALSVLVTIEMCNALNSLSENQSLMRMPPWVNIWLLGSICLSMSLHFLILYVDPLPMIFKLKALDLTQWLMVLKISLPVIGLDEILKFIARNYLEG

FCTIVLGTFAIQIVIVQFGGKPFSCSPLQLDQWMWCIFIGLGELVWGQVIATIPTSRLKFLKEAGRLTQKEEIPEEELNEDVEEIDHAERELRRGQILWFRGLNRIQTQIRVVKAFR--~ 1148
FCTIVLGTFAIQIVIVQFGGKPFSCSPLOLDOWMWCIFIGLGELVWGQVIATIPTSRLKFLKEAGRLTQKEEIPEEELNEDVEEIDHAERELRRGQILWFRGLNRIQTQIRVVKAFR--~ 1103
FCTIVLGTFGIQIVIVQFGGKPFSCSPLSTEQWLWCLFVGVGELVWGQVIATIPTSQLKCLKEAGHGPGKDEMTDEELAEGEEEIDHAERELRRGQILWFRGLNRIQTQIRVVKAFR--~ 1122

FCSVVLGTFICQIFIVEFGGKPFSCTSLSLSQWLWCLFIGIGELLWGQFISAIPTRSLKFLKEAGHGTTKEEITKDAEG-~-LDEIDHAEMELRRGQILWFRGLNRIQTQIDVINTFQTGA 1114

SIQGALRRQPSIASQHHDVINISTPTHIRVVNAFRSSLYEGLEKPESRSSIHNFMTHPEFRIEDSEPHIPLIDDTDAEDDAPTKRNSSPPPSPNKNNNAVDSGIHLTIEMNKSATS - 1244
i ~SSLYEGLEKPESRTSIHNFMAHPEFRIEDSQPHIPLIDDTDLEEDAALKQNSSPPSSLNKNNSAIDSGINLTTDTSKSATS-~-~-~ 1229

= -SSLYEGLEKPESRTSIHNFMAHPEFRIEDSQPHIPLIDDTDLEEDAALKQNSSPPSSLNKNNSAIDSGINLTTDTSKSATS---~- 1184

- it = -SSLYEGLEKPESKTSIHNFMATPEFLINDYTHNIPLIDDTDVDENEERLR-APPPPSPNQNNNAIDSGIYLTTHVTKSATSSVFS 1206
SFKGVLRRQNMG--QHLDVKLVPSSSYIKVVKAFHSSLHESIQKPYNQKSIHSFMTHPEFAIEEELPRTPLLDEEEEENPDKASKFGTRVLLLDGEVTPYANTNNNAVDCNQVQLP--~-~ 1228

SSPGSPLHSLETSL 1258

SSPGSPIHSLETSL 1243
SSPGSPIHSLETSL 1198
SSPGSPLHSVETSL 1220
-QSDSSLQSLETSV 1241

Supplementary Figure 3 Sequence alignment of hPMCA1 with its homologues.

The sequences were aligned using ClustalW. The secondary structural elements of

hPMCAL1 are indicated above the sequence alignment and are colour coded using the

same colour scheme used in Fig. 1c for the overall structure. r: rabbit; m: mouse. The

pathogenic residues are labelled with a star.
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Supplementary Figure 4 EM maps of representative segments of
hPMCA1-NPTN. a, EM maps of each TM helix. b, EM maps of the cytoplasmic
domains. c, Crystal structure of Ig-2 (PDB: 2WV3) docked into the low-pass-filtered

6.0-A EM map, which is shown at a contour level of 0.019. The red star represents



glycosylation modification. The density of Ig-1 is not sufficient to show the docking.
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Supplementary Figure 5 Interactions between the NPTN and hPMCAL. a, The
EM map of the NPTN-TM, TM10, and TMgg-linker is shown. b, The residues that

may mediate the interactions between Ig-2 and the TM7_g-linker are highlighted.
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Supplementary Figure 6 Purification of the hPMCA1 alone proteins. a, The
hPMCAL1 alone proteins were purified by Superdex 200 column. The proteins with an
elution volume of 11 ml were used for activity assay. b, The indicated fractions were
subjected to SDS-PAGE, and the proteins were visualized by Coomassie blue

staining.



Supplementary Figure 7 The location of the phospholipid-binding domain. a, The
phospholipid-binding domain is located in the vicinity of the large cytosolic vestibule

of Ca®* permeation pathway. b, The molecular surface of panel a.
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Supplementary Figure 8 Mapping of the disease-associated point mutations onto
the structure of hPMCAL. The Ca atoms of the pathogenic residues are shown as
spheres. The phosphorylation site D475 are shown as spheres. The corresponding

residues on hPMCAL1 are shown in the black parenthesis.
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Supplementary Table 1 Mass spectrometric analyses of the additional bands

Description Unique peptides Coverage

BASI_HUMAN 22 45.97%
NPTN_HUMAN 19 38.19%
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Supplementary Table 2 Summary of data collection and model statistics

Items

Parameters

Data collection

EM equipment
\oltage (kV)
Detector

Pixel size (A)
Electron dose (e/A?)
Defocus range (pm)
Reconstruction

Software

Maps

Number of used Particles

Symmetry

Final resolution (A)

Map sharpening B-factor (A%

Model building

Software

Refinement

Software

Validation
R.m.s deviations

Bonds length (A)

Bonds length (A)
Ramachandran plot statistics (%)

Preferred

Allowed

Outlier

FEI Titan Krios
300

Gatan K2 Summit
1.091

50

-1.5t0-2.5

RELION 2.0
hPMCA1-NPTN
105,118

C1

41 A

-200

Coot
Phenix
0.01
1.42
86.6 %

13.3 %
0.1%
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Supplementary Table 3 The primers for vector construction

Primers (5'-3")

PM1-NotI-F ATTATGCGGCCGCATGGGCGACATGGCTAATAAC
PM1-Xhol-R ATATGCTCGAGCAGGGAGGTTTCTAAGGAGTGCAG
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