hsCNGB1

hsCNGB1

hsCNGB1

hsCNGB1
hsCNGB3

hsCNGAl
hsCNGA2
hsCNGA3
hsCNGA4
ceTAX-4
hsCNGB1
hsCNGB3

hsCNGAL
hsCNGA2
hsCNGA3

hsCNGB1
hsCNGB3

hsCNGAl
hsCNGA2
hsCNGA3
hsCNGA4

hsCNGB3

hsCNGAL
hsCNGA2
hsCNGA3
hsCNGA4
ceTAX-4
hsCNGB1
hsCNGB3

hsCNGAL
hsCNGA2
hsCNGA3
hsCNGA4
ceTAX-4
hsCNGB1
hsCNGB3

hsCNGAL
hsCNGA2
hsCNGA3
hsCNGA4

hsCNGB3

hsCNGAL
hsCNGA2
hsCNGA3
hsCNGA4
ceTAX-4
hsCNGB1
hsCNGB3

hsCNGAl
hsCNGA2
hsCNGA3
hsCNGA4
ceTAX-4
hsCNGB1
hsCNGB3

hsCNGAl
hsCNGA2
hsCNGA3
hsCNGA4
ceTAX-4
hsCNGB1
hsCNGB3

hsCNGAl
hsCNGA2
hsCNGA3
hsCNGA4
ceTAX-4
hsCNGB1
hsCNGB3

hsCNGAL
hsCNGA2
hsCNGA3
hsCNGA4
ceTAX-4
hsCNGB1
hsCNGB3

ceTAX-4
hsCNGB1
hsCNGB3

MLGWVQRVLPQPPGT PRKTKMQEEEEVEPEPEMEAEVE PEPNPEEAETE SESMPPEES FKEREVAVADPSPQETKEAALTSTISLRAQGA
EISEMNSPSRRVLTWLMKGVEKVIPQPVHS ITEDPAQILGHGSTGDTGCTDEPNEALEAQDTRPGLRLLLWLEQNLERVLPQPPKSSEVH
RDEPAVATGAASDPAPPGRéQEMGPKLQAéETPSLPTPIéLQPKEEPKEAPAPEPQPGSQAQTSSLPPTéDPARLVAWVLHRLEMALPQé

VLHGKIGEQEPDSPGICDVOTISILPGGQVEPDLVLEEVEPPWEDAHQDVSTS PQGTEVVPAYEEENKAVEKMPRELSRIEEEKEDEREE
———————————————————————————————————————————————————————————————————————— MFKSLTKVNK---—----

EEEEEEEEEEEVTEVLLDSCVVSQVGV Q —-—-SEEDGTRPQSTSDQKLWEEVGEEAKKEAEEKAKEEAEEVAEEE FKFPQDWAET
-VKPIGENNENEQSSRRNEEGSHPSNQSQQTTA--— QEE--- -

KLSMKNNIINTQQSFV-TMPN--VIVPDIEKEI---RRMENGACSSFSEDD—
-MT---EKTNGVKSSP-ANNHNHHAPPAIKANG---KDDHRTSSRPHSAAD-
MAKINTQYSHP-SRTH--LKVKTSDRDL---NRAENGLSRAHSSSE-

--MSTAEPAPD- -PT---NPSTSG
KEEPEAEAEAASSGVPATKQHPEVQVEDTDADSCPLMAEENPPSTVLPPPSPA**KSDTLIVPSSASGTHRKKLPSEDDEAEELKALSPA
~-NKGEEKSLKTRSTPVTSEEPHTNIQDKL-~~——~- BKKNSSGDLTTNPDPQNAAREPTGTVPE-——--————-—————————— QKEMDPG

PSQREQYLPGAIALFNVNNSSNKDQEPEEKKKKKK - - - - ~EKKSKSD- - DKNENKND—
GFRRIVRLVGIIREWANKNFREEEPRPDSFLERFRGPELQTVTTQEGDGKGD-—————
~SRLIFL---LRRWAARHVHHQODOGPDSFPDRFRGAELKEVSSOESNAQANVGS QE-

—SENENéHARGSFSYKéLRKGG—

LAPTTNGIGSPPPTA- s AATKFSTLTKFLRRKN--QVHTTTAQQNEFMOKYMP -
ESPVVAWSDPTTPKDTDGQDRAASTASTNSAIINDRLQELVKLFK* -——ERTEKVKEKLIDP
777777 EGBNSPQN------KPPAAPVINEYADAQLHNLVKRMR---- ---QRTALYKKKEVEG- ASPI

s1
— -

—PEKKKKK—— —KDKf——EKKKKEEK—ff ————SKDKKEEEKKEVVVIDPSGN-TYYNWLFCITLPVMYNWTMVIARACFDELQS—

- SPPAPSKARKLLPVLDPSGD-YYYWWLNTMVFPVMYNLIILVCRACFPDLQH-
fPAATGGQPASSDGGSAIEVPPPKE**** 77775YAVRIRKYLANYTQDPSTD NEYYWTCVVTVAYIYNLLFVIARQVFNDLIGP
SPAKKAPEPAPDTKPAEAEPVEEEHYCDMLCCKFKHRPWK----KYQFPQSIDPLTNLMYVLWLFFVVMAWNWNCWLIPVRWAFPYQTP~
~---AKPAVPPVKE--SDDKPTEHYYRLLWFKVKKMPLTEY LKRIKLPNSIDSYTBRLY LLWLLEVEEAYNWNCEF I PLRLWFPYQTA-

52
-GS — =) — =) — G

~DYLEYWLILDYVSDIVYLIDM-FVRTRTGYLEQGLLVKEELKL
GYYLVWLVLDYVSDVVYIADL-FIRLRTGFLEQGLLVKDTKKL
EYLMLWLVLDYSADVLYVLDV-LVRARTGFLEQGLMVSDTNRL
—~GYLVAWLVLDYTSDLLYLLDM-VVRFHTGFLEQGILVVDKGRI
SSQSLCRFYNGTLNSTTQVECTYNMLTNMKEMPTYSQYPDLGWSKYWHFRMLWVFFDLLMDCVYLIDT FLNYRMGYMDQGLVVREAEKV
—DNIHHWLLMDYLCDLIYFLDITVFQTRLQFVRGGDIITDKKDM
~DNIHYWLIADEIICPIIYLYDMEFIQPRLOEVRGGDIIVDSNEL

Sda S4b S5

INKYKSNLQFKLDVLSLIPTDLLYFKLGW
RDNYIHTLQFKLDVASIIPTDLIYFAVDI
WQHYKTTTQFKLDVLSLVPTDLAYLKVGT
SSRYVRTWSFFLDLASLMPTDVVYVRLGP—
TKAYWQSKQYRIDGISLIPLDYI———LGWPIPyINWRGLPILRLNRLIRYKRVRNCLERTETRSSMPNAFRVVVVVWYIVIIIHWNACLY
RNNYLKSRRFKMDLLSLLPLDFLYLKVGV- NPLLRLPRCLKYMAFFEFNSRLESILSKAYVYRVIRTTAYLLYSLHLNSCLY
RKHYRTSIEKFQLDVASTII NPMERANRMLRYTSFFEFNHHLES IMDKAYIYRVIRTTGYLLFILHINACVY
Selectivity s6
ilter

————NYPEIRLNRLLRFSRMFEFFQRTETRTNYPNIFRISNLVMYIVIIIHWNACVF

Pore helix

NIGSMISNM
NVGSMISNM
NVGSMISNM
SMSSVIYNM
NVGSMISNM

A QMRDVVGAA
YWASNYEGIGTTRWVEDGE---- —-GNEYLRCEYWAVMTLITIGGLPEPQTLFEIVFQLLNFFSGVFV|EES QMRDVIGAA

aA’ aB’ aC’ aD’ aE’ aF’ A

NAARAEFQARIDAIKQYMHFRNVSKDMEKRVIKWFDYLWINKKTVDEKEVLKYLPDKLRAEIAINVHLDTLKKVRIFADCEAGLLVELVL
NATRAEFQAKIDAVKHYMQFRKVSKGMEAKVIRWFDYLWTNKKTVDEREILKNLPAKLRAEIAINVHLSTLKKVRI FHDCEAGLLVELVL
NASRAEFQAKIDSIKQVMQFRKVTKDLETRVIRWEDY LWANKKTVDEKEVLKS LPDKLKAEIAINVHLDTLKKVRIFQDCEAGLLVELVL
NTADAAFYPDHALVKKYMKLQHVNRKLERRVIDWYQHLQINKKMTNEVAILQHLPERLRAEVAVSVHLSTLSRVQIFONCEASLLEELVL
SAARTEFQNKMDGIKQYMELRKVSKQLEIRVIKWFDYLWTNKQSLSDQQVLKVLPDKLQAEIAMQVHFETLRKVRIFQDCEAGLLAELVL
TAGQTYYRSCMDSTVRYMNFYKIPKSVQONRVKTWYEY TWHSQGMLDESELMVQLPDKMRLDLATIDVNYNIVSKVALFQGCDROMI FDMLK
TANQNYFRACMDDTIAYEMNNEYS I PKLVQKRVRTWHEY TWDSQRMLDE S DLKT LPITVQLALAEDVNFS I I SKVDLFKGCDTQMI YDMLL

1 3 4 5 6 P 7 8 B
i N ﬁﬁ B ; i ; ﬁl i ) ﬁ==: .B > anin

KLQPQVYSPGDYICKKGDIGREMY ITKEGKLAVVA-DDGVTQFVVLSDGSYFGEISILNIKGSKAGNRRTANIKSIGYSDLFCLSKDDLM
KLRPQVFSPGDYICRKGDIGKEMY IIKEGKLAVVA-DDGVTQYALLSAGSCFGEISILNIKGSKMGNRRTANIRSLGYSDLFCLSKDDLM
KLRPTVFSPGDYICKKGDIGKEMYIINEGKLAVVA-DDGVTQFVVLSDGSYFGEISILNIKGSKSGNRRTANIRSIGYSDLFCLSKDDLM
KLQPQTYSPGEYVCRKGDIGQEMYIIREGQLAVVA-DDGITQYAVLGAGLYFGEISIINIKGNMSGNRRTANIKSLGYSDLFCLSKEDLR
KLQLQVFSPGDFICKKGDIGREMY IVKRGRLQVVD-DDGKKVFVTLQEGSVFGELS ILNIAGSKNGNRRTANVRSVGYTDLEVLSKTDLW
RLRSVVYLPNDYVCKKGEIGREMYIIQAGQVQVLGGPDGKSVLVTLKAGSVFGEISLLAVGG---GNRRTANVVAHGFTNLFILDKKDLN
RLKSVLYLPGDFVCKKGEIGKEMY IIKHGEVQVEGGP DGIKWLVTEKAGSVFGEI SELAAGG---GNRRTANVVAHGFANLLTEDKKTLQ
c

D G

EALTEYPDAKTMLEEKGKQILMKDGLLDLNIANAGS-D———-————— PKDLEEKVT-——————--— RMEGSVDLLQTRFARILAEYESMQQ
EAVTEYPDAKKVLEERGRE ILMKEGLLDENEVAT-S-M -EVDVQEKLG- QLETNMETLYTRFGRLLAEYTGAQQ
EALTEYPEAKKALEEKGRQILMKDNLIDEELARAGA-D- PKDLEEKVE -QLGSSLDTLQTRFARLLAEYNATQM
EVLSEYPQAQTIMEEKGRE ILLKMNKLDVNAEAAEIAL- QEATESRLR -GLDQQLDDLQTKFARLLAELESSAL
NALREYPDARKLLLAKGREILKKDNLLDENAPEE -QKTVEEIAE- HLNNAVKVLQTRMARLIVEHSSTEG
EILVHYPESQKLLRKKARRMLRSNNK----- PKEEKSVLILPPRAGTPKLFNAALAMTGKMGGKGAKGGKLAHLRARLKELAALEAA-——
EILVHYDPDSERI LMKKARVLLKQKAKTAEATPPRKDLALLFPPKEETPKLFKTLLGGTGKASLA———————— R-——-LLKLKREQAA--—

KLKQRLTKVEKFLKPLIDTE-F--SSIEGPGAESGPIDST--—
KLKQRITVLETKMKQNNEDD-Y~--LSDGMNSPELAAADEP -~

KMKQRLSQLESQVKGGGDKP-L--ADGEVPGDATKTEDKQQ-—
KIAYRIERLEWQTREWPMPEDLAEADDEGEPEEGT SKDEEGRASQEG——— GPE-—
KLMKRIEMLEKHLSRYKALARRQ-KTMHGVSIDGGDISTDGVDERVRPPRLRQ--— --TKTIDLPTGTESE
~--AKQQEL---VEQAKSSQDVKGEE----GSAAPDQHTHPKEAATDPPAPRTPPEPPGS-PPSSPPPASLG-RPE--GEEEGPAEPEEH
---@KKENSEGGEEEGKENEDK@KEN----EDKQKENEDKGK-ENEDKDKGREPEEKPLDRPECTASPIAVEEEPHSVRRTVLPRGTSRQ

SVRICMSPGPEPGEQILSVKMPEEREEKAE
SHIISMAPSAEGEEEVLTIEVKEKARQ- -

90

180

270

aousoog [GICYETRNNFSHS 00 S N S W s WoOWHWNDW [SISTSIININING DoV e
WaJoO RNV © BOH OO oM N O OB OWH W 1S €0 U100 OV O
0NN W 1N Vo W O~ W Swo oo LW a0

Y © U100 01 CO
[GIRE =T RN

g oao o
[SE NSO TN
cCURWRTW

-
IS IE TR

@M IO ©
[SECIE RN



Supplementary Fig. 1. Amino acid sequence alignment of human CNG channel subunits
and C. elegans CNGA subunit TAX-4. Secondary structures are marked for A3. The SF of
CNGA 1-3 is boxed in blue. The cavity gate is boxed in black. Cavity gate-forming residues in
A3 are shown in magenta. Cavity gate- and inner gate-forming residues and SF-projecting R403
in B3 are shown in cyan. Residues involved in gating ring/TMD interactions between B3 and
A3I and A3III (Fig. 6¢, d) are shown in red. Residues involved in A’B’/C’D’ interactions
(Extended Data Fig. 5) are shown in green. Missense DAMs in A3 and B3 are highlighted with

a yellow and brown background, respectively.



