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rabbit NPSR
mouse lemur NPSR
bush baby NPSR
guinea pig NPSR
opossum NPSR
megabat NPSR
dolphin NPSR*
chicken NPSR
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water flea CCAPR'
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VNILTDINWRFTGDFTAPDLVCRVVRYLQVVLLYASTYVLVSLSIDRYHAIVYPMKFLQG.EKQARVLIV
VNILTDIIWRFTGDFMAPDLVCRVVRYLQVVLLYASTYVLVSLSIDRYHAIVYPMKFLQG.EKQARVLIV
VNILTDIIWRFTGDFMAPDLVCRVVRYLQVVLLYASTYVLVSLSIDRYHAIVYPMKFLQG.EKQARVLIV
VNILTDIIWRFTGDFVAPDLVCRVVRYLQVVLLYASTYVLVSLSIDRYHAIVYPMKFLQG.EKQARVLIV
VNILTDIIWRFTGDFMAPDLVCRVVRYLQVVLLYASTYVLVSLSIDRYHAIVYPMKFLQG.EKQARVLIV
VNILTDIIWRFTGDFMAPDLVCRVVRYLQVVLLYASTYVLVSLSIDRYHAIVYPMKFLQG.EKQAKVLIV
VNILTDIIWRFTGDFMAPDLVCRVVRYLQVVLLYASTYVLVSLSIDRYHAIVYPMKFLQG.EKQARVLIV
VNILTDIIWRFTGDFMAPDLVCRVVRYLQVVLLYASTYVLVSLSIDRYHAIVYPMKFLQG.EKQAKVLIM
VNILTDIIWRFTGDFMAPDLVCRVVRYLQVVLLYASTYVLVSLSIDRYHAIVYPMKFLQG.EKQAKVLVM
INILTDIIWRFTGDFLAPDLVCRVVRYLQVVLLYASTYVLVSLSIDRYHAIVYPMKFLQG.EKQAKVLIV
FNILTDIIWRFTGDFMAPDLVCRVVRYFQVVLLYASTYVLVSLSIDRYHAIVYPMKFLQG.EKQAKVLIV
INILTDIIWRFTGDFMAPDLVCRIVRYLQVVLLYASTYVLVSLSIDRYHAIVYPMKFLQGAEKQAKVLIG
INILTDIIWRFTGDFMAPDLVCRVVRYLQVVLLYASTYVLVSLSIDRYHAIVYPMKFLQG.EKQAKVLIG
VNILTDIIWRFTGDFMAPDLVCRVVRYLQVVLLYASTYVLVSLSIDRYHAIVHPMKFLQG.EKQAKVLIG
VNILTDIIWRFTGDFMAPDLVCRVVRYLQVVLLYASTYVLVSLSIDRYHAIVYPMKFLQG.EKQAKVLIM
VNILTDIIWRFTGDFMAPDLVCRVVRYLQVVLLYASTYVLVSLSIDRYHAIVYPMKFPQG.VKQAKVLIT
VNILTDIIWRFTGDFLAPDLVCRVVRYLQVVLLYASTYVLVSLSIDRYHAIVYPMKFLQG.ERQAKVLIG
INILTDIIWRFTGDFMAPDLICRVIRYLQVVLLYASTYVLVSLSIDRYHAIVYPMKFLQG.EKQAKVLIV
VNILTDIIWRFTGDFLAPDLVCRVVRYLQVVLLYASTYVLVSLSIDRYHAIVYPMNFLQG.EKQAKILTV
VNILTDIIGRFTGDFMAPDLVC.VVHYVQVVLLYASTYVLGSLRIDRYHAIIYPMKFLQG.EKQAKVLSV
INIMTDIIWRYTGDFMAPDIVCRVVRYLQVVLLYASTYVLVSLSIDRYHAIVYPMKFMQG.ERQAKVLIG
INIMTDIIWRYTGDFMAPDIVCRVVRYFQVVLLYASTYVLVSLSIDRYHAIVYPMKFLQG.ERQAKVLIG
INIMTDIIWRFTGDFMAPDLVCRIVRYFQVVLLYASTYVLVSLSIDRYHAIVYPMKFFQG.ERQAKILIV
ISISVNIIWRFTGEFMAPEIVCKTVRYLQVVLLYASTYVLVSLSIDRYHAIVHPMKFLQG.EKQAKVLIA
FNVLPDIVHRFVVEWIAGNTLCKLVKYTQAVLLYASTYVLVAMSIDRYDAIVHPLQFVR. .EHKSKVMIS
LNILPDIIHRYTREFYGGEIVCKLVKYVQAIVVYGSTYQLVALSIDRYDAIVHPMNFSG. .NKRSMIMVI
ISVLTDIVWKITVAWHAGNIACKVIRFSQ LVTYSSTYVLVALSIDRYDAICHPMNFSRG.wRRARILVS

LSVLTDIIWRMTVSWKAGNAACKAIRFAQASVTYASTYVLVALSIDRYDAITHPMNFSGC.WNRARRLVA
LNVLTDIIWRITISWRAGNVACKVIRFSQVCVTYSSTYVLVAMSIDRYDAITHPMNFSKS.WKRARHLVA
ITVVTDLSWKITVEWHAGLFGCKVIRFLQ VVVFAANYILVALSIDRLDAIARPMNFSSS.gRRAKMLVS
ICVMTDLLSKITIEWHAGNAMCKILQYLQATVTYLSTFVLVSLSIDRYDAVARPMNFSRS.AYQARLLIT
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IAWGLSFLFSIPTLIIFGKRKLPSGEVQCWALWPDDSYWTPYMTIVAFLVYFIPLTIISVIYAIVIRTIW
IAWSLSFLFSIPTLIIFGKRKLSNGEVQCWALWPDDSYWTPYMTIVAFLVYFIPLTIIS[VIYAIVIRTIW
IAWSLSFLFSIPTLIIFGKRKLPNGEVQCWALWPDDSYWTPYMTIVAFLVYFIPLTIIS[VIYAIVIRTIW
IAWSLSFLFSIPTLIIFGKRKLSNGEVQCWALWPDDSYWTPYMTIVAFLVYFIPLTIISVIYAIVIRTIW
IAWSLSFLFSIPTLIIFGKRKLSNGEVQCWALWPDDSYWTPYMTIVAFLVYFIPLTIIS[VIYGIVIRTIW
IAWSLSFLFSIPTLIIFGKRTLSNGEVQCWALWPDDSYWTPYMTIVAFLVYFIPLTIIS[VIYGLVIRTIW
IAWSLSFLFSIPTLIIFGKRTLSNGEVQCWALWPDDSYWTPYMTIVAFLVYFIPLAIISVIYGLVIRTIW
IAWSLSFLFSIPTLIIFGKRTLSNGEVQCWALWPDDSYWTPYMTIVAFLVYFIPLTIIS[VIYGIVIRTIW
IAWILAFLFSIPTLIIFGKRTLSNGEVQCWALWPDDSY.IPYMTIVXFLVYFIPLTIIS[VIYGIVIRTIW
IAWILSFLFSIPTLIIFGKRTLSNGEVQCWALWPDDSYWTPYMTIVAFLVYFIPLTIIS[VIYGIVIRTIW
VAWSLSFLFSIPTLIIFGKRTLSNGEVQCWALWPDDSYWTPYMTVVAVLVYFIPLTILSIIYSIVIRTIW
VAWSLSFLFSIPTLIIFGKRKLANGEVQCWALWPDDSYWIPYMTIVAFLVYFIPLIIISVIYFIVIRTIW
TAWSLSFLFSIPTLIIFGKRKLSNGEVQCWALWPDDSYWTPYMTIVAFLVYFIPLAIIS[VIYAIVIQTIW
IAWSFSFLFSIPTLIIFGKRKLSNGEVQCWAL.PDDSYQTPHMTIVAFLVYFIPLTIIS[VIYAIVIRMIW
VAWSLSFLFSIPTLIIFGKRQLSNGEVQCWALWPDDSYWIPYMTVVAFLVYFIPLIIISVIYSIVIRTIW
VAWSLSFLFSIPTLIIFGKRQLSNGEVQCWALWPDESYWIPYMTVVAFLVYFIPLIIISVIYSIVIRTIW
IAWGLSFLFSIPTLIIFGKRQLSNGEVQCWAVWPDDSYWIPYMTTVAFLVYFIPLIIIS[VIYFIVIRTIW
VSWTLSFLFSIPTFIIFGKLKLPNGEMQCWALWPDDSYWTPYMTIVALLVYFIPLIIISVIYFIVIRTIW
VAWGLALLFSVPSPVIFAVRRQPNGEWQCWAEWPEDWYWVPYMTVVAAFVFFIPLGIISICYIAIIVKIW
SMWVVAFILAVPSPVFFEETVLENGEVQCWIELPQTWVWKPYSVILAFLLFFIPLVIVTFCYSVIIYTIW
VAWILSAIFSSPMLVLYEQG.LVQGQVQCWIDFTAPWQWQLYLTLVAVSLLVLPALLIFACYIVIVRTIW
AAWSLSALFSLPIFYLYEER.SIQGKKQCWIDLVDPWRWQVYMCWVASSLFVLPALIISACYAIIVKTIW
GAWVVSALFSLPILVLYEEK.LIQGHPQCWIELGSPMAWQIYMCLVSATLFAVPALIISACYAIIVKTIW
TAWILAFLFSAPMGIIPELT.VRRGLVQCFISLPEPWHWKi ITILAFALFILPAIIISTCYIIIVIVIW
FAWLSALMFALPAPFLYHEE.EQQGKIQCWMDFPEYWHWQLFFTLVSVVTFIkPAIIISGCYIAIISIIW
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rabbit NPSR
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limpet CCAPR*+
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IKSKTY.ESVI. LCSRY.NRGPISKAKLKAIKYSIVIILAFICCWS
IKSKTY.ETVI. LCSSY.NRGLISKAKIKAIKYSIIIILAFICCWS
IKSKTY.ETVI. LCSSY.NRGLISKAKIKAIKYSIVIILAFICCWS
TKSKAS.ETVI. LCTSY.NRGLISKAKIKAIKYSIVIILAFICCWS
VKSKAY.ETVI. LCTSY.NRGLISKAKIKAIKYSIVIILAFICCWS
IKSKAH.ETVI. LCTSY.NRGLISKAKIKAIKYSIVIILAFICCWS
IKSKAH.ETVI. LCTSY.HRGLISKAKIKAIKYSIVIILAFICCWS
IKSKAH.DMVI. LCTSY.NRRLISKAKIKAIKYSVVIILAFICCWS
IKSKAH.ETVI. LCCSY.NRGLISKAKIKAIKYSIVIILAFICCWS
MKSKTH.ETVI. LCCSY.NRGLISKAKIKAIKYSIVIILAFICCWS
VKSKAC.ETVN. LCTSY.NRGLISKAKIKAVKYSAAIILAFICCWS
IKSKAH.ETVI. LCTSY.NRGLISKAKIKAIKYSIVIILAFICCWS
IKSKAH.DSVI. LCTSY.NRGLISKAKIKAIKYSIVIILAFICCWS
MKSKAP.ETVI. LCTSY.NRGFISKAKVKAIKYSIVIVLAFTICWS
IKSKAH.DMII.. LCSSY.NRGVISKAKIKAIKYSIVIIFAFVICWS
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TKSKAH.AIIV... FCTSYTHRGLISKAKIKAVKYSAVIILAFVLCWS
VKSKGH.AVII... D FCTSYSHRGLISKAKMKAIKYSIVVILAFILCWS
KRGKGM. ASSGKNFYRIFHLIHINNGFTSRAKARTIKLSVAIILAFICCWS
RKSKMM.VPAK....RRIFN......EKNGD........... SRGLIPKAKIKTIKMTLCIVLSFIVCWS
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SKGNVS.TTSN....KR.......QLSKRGR..... ESTT.SSRGMIPKARIKTIKMTFAIVTVIFIICWV
SKGQSRRDGMD....ETHNLPR....IGYJGSREHMVCRRTNSNRGIIPQAKIRTIKMTLIIVIVFILCWS
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PFFIXNILELYETIPINDP...LSTFIQSAAPLNSAANPIIYGIFSTRICVNL@I
*A

*k A AA K KAk A * K
A A



human NPSR
chimpanzee NPSR
gorilla NPSR
marmoset NPSR
orangutan NPSR
macaque NPSR
horse NPSR

cow NPSR

dog NPSR

giant panda NPSR
elephant NPSR
rat NPSR

mouse NPSR

rabbit NPSR
mouse lemur NPSR
bush baby NPSR
guinea pig NPSR
opossum NPSR
megabat NPSR
dolphin NPSR*
chicken NPSR
zebra finch NPSR
lizard NPSR*

frog NPSR
lancelet NPSR-like*+
acorn worm NPSR-like'
water flea CCAPR'
mosquito CCAPR

marine worm CCAPR*+
limpet CCAPR**

human NPSR
chimpanzee NPSR
gorilla NPSR
marmoset NPSR
orangutan NPSR
macaque NPSR
horse NPSR

cow NPSR

dog NPSR

giant panda NPSR
elephant NPSR
rat NPSR

mouse NPSR

rabbit NPSR
mouse lemur NPSR
bush baby NPSR
guinea pig NPSR
opossum NPSR
megabat NPSR
dolphin NPSR*
chicken NPSR
zebra finch NPSR
lizard NPSR¥*

frog NPSR
lancelet NPSR-like*+
acorn worm NPSR-like'
water flea CCAPR'
mosquito CCAPR

marine worm CCAPR*+
limpet CCAPR*t

369
369
386
386
367
366
366
365
369
369
366
367
366
366
384
379
372
365
375
369
368
368
375
368
365
367
373
433
489
380
383

HELIX 8

IPLRQL....... QEAALTLCPQR..... Q

.......... NSSVYLLACDVSVLWALVPTSEKESCE.
.......... SSTVYLLACDVAVLWGLVLPGGKENCE.

IRLRQL....... QEAALMLCPQR. .. .. E.

SWRRKGAKITG..FQND
SLRRKGAKITG..FQND

QDSRMTFRERT.....E.RHE.......... MQIL

. .QDSRMTFRERT. . . .MQIL

. .ODSRMTYQERT. . .MQVL

.RDSRMTCRERT. . .MQVL

.RGSRKTFRERT. . . .MQVL

.RDSRMTFRERT. . .MQVL
RDSRMTCQERT.....E.RHE.......... MQVL
ODSRMTYRERS.....E.RHE.......... MQIL

.QDSRMTYRERS. .MQIL

QDSRMTCRERT CRHE.......... MQTL

.......... RNSVYLLACDASSVHWAVLTSGKEGCE. .FQSD
.......... NSSAYLLAD.DASVLTWVLTSGKEGCE.RKE...AKITG..FQND
.......... QKS.......QVSRMTCRERS.....E. ve+ie......LQFL
.......... RRN.........AGGTFQDKT.....E. “e+e......MRMR
.......... NSSAYLLAS .AVIHWALVLGSGGK.......... . .FQDD
NSSAYLLASDVSVHWALVLTSRKEGCE .WWG. o v v v vvennnnnsn

....... RRLEGTFRDRS.....DGGQE .MQVL

. .QRLGGTFRERS. .DGGQQ .MQVL

. .SGNLGTFRERT. .E.GQE .MQVL

. .GKLGGTIRDKT. .E.GIE .MQVV

....... LKHFKMLKAFH. .LKNHF .VEEG
MVTVVREVLSLMTNIHNRN..... GYSNF.......... RNIV
................................ ETLTAYNGIWNKTS.........IFPFHFQNGHTI...

SPDGGSQGAGMRNGTVLNGNARLQNHNSSDSMRTLTTSLTISQRSC.
SYRNNSQQN..RCHTV...GRRL..HNSCDSMRTLTTSLTVSRRST.
............. ETLSVAIRKLKLEKYKKSCTTSSSHLLFQKAPV.

............. SRLSSCDYSMTQDYESVSSVTFTIRLTRRLECT.......
A

.
GVPSWALPR
GVPSWALPR
VPGEN.REA
VPGEN...R
SKPEF...
SKPEF...
SKPEF...
SKPEF. ..
SKPEF. ..
PKPEF...
SKPEF...
SKPEF...
SKPEF...
AKPEF. ..
IPGED. ..
IPREN. ..
SKPEF...
PKPEF...
VPREN. ..
....R...
SKPEY...
SKPEC. ..
SKPEY...
SRPEY...
SVFLC. ..
NRAMY. .
. .LKK..
.AMSQ...
PAMSE. ..
SLLLV...

“te
N d<<dYUHEEPHHHROYHHYQEPHHHHHREHHH

.IRP.SRVVIVERPKAAL. .
.NKANARVIICERPNKVITV

........... LRVAFT

Note: Secondary structure elements marked on top of the alignment correspond to that predicted for the human NPSR sequence.
Transmembrane regions are named TM1 to TM7; extracellular and intracellular loops are named ECLI1, 2, 3 and ICLI, 2, 3,
respectively. The upright triangle symbol in blue corresponds to Type I divergence sites and star symbol in green corresponds to
Type II divergence sites. Numbers on the left of the sequences correspond to the amino acid residue position for each sequence.
Intron positions are marked in blue boxes. N-terminal region of the fruitfly CCAPR sequence has been trimmed to align with

rest of the sequences. Sequences corrected manually at the N and C- termini are represented with * and + at the end of their

sequence names.

Figure S3



