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Supplementary Note 

Calling tools from HMMER3: 

For the construction of profile HMMs the tool "hmmbuild" was used without additional 

parameters where "hmmfile" is the name of the produced profile and "msafile" is the name of 

the used multiple sequence alignment file: 

hmmbuild hmmfile msafile 

The profile search was performed using the tool "nhmmer". The used parameters only affect 

the computation time, the file naming and the line width of the output. 

nhmmer --cpu 3 -o hmmout -A hmmalignment --tblout tableresults --notextw hmmfile 

transcriptomefile 

Found sequences were aligned to the profile using the tool "hmmalign": 

hmmalign hmmfile seqfile 



CrChR1     : --MSRRPWLLALALAVALAAGSAGASTGSDATVPVATQDGPDYVFHRAHERMLFQTSYTLENNGSVICIPNNGQCFCLAWLKSNGTNAEKLAA :  91 

CrChR2     : -----------------MDYGGALSAVG----------------------RELLFVTNPVVVNGSVLVPED--QCYCAGWIESRGTNGAQTAS :  52 

iC++       : -----------------MDYGGALSAVG------------------------LFQTSYTLENNGSVICIPNNGQCFCLAWLKSNGTNAEKLAA :  52 

iChloc     : -----------------MDYGGALSAVG----------------------RELLFVTNPVVVNGSVLVPED--QCYCAGWIESRGTNGAQTAS :  52 

GcACR_457  : --------MSACPPRTPRYGNMSAADKRAEY--------------------LQKVIDLSPEIYGSYARDNA--ECLAMSVVTMP-------FV :  56 

GcACR_145  : --------------------MLDAQDTGSQAVGFQPEERMVVRG-KAAYIDGIGPATPYAGMYGEWEIANP--DCVNKGLHATS-------RE :  63 

GcACR_439  : --------MAETGVIRSQEDYYRLVENRETI--------------------G--TYWDSSLVYGEWARNNG--NCLRQSEVDVQ-------FV :  54 

G1ACR_203  : MAARLAKVVHLARLVVLFAVMLDAQDTGSQAVGFQPEERMVVRG-KAAYIDGIGPATPYAGMYGEWEIANP--DCVNKGLHATS-------RE :  83 

G1ACR_243  : --------------------------------------------------------------------------------------------- :   - 

GtACR1     : -----------------------MSS-----------------------------ITCDPAIYGEWSRENQ--FCVEKSLITLD-------GI :  32 

GtACR2     : -----------------------MAS---------------------------------QVVYGEWASTHT--ECYNMSRIDST-------FV :  28 

PsuACR1    : --------------------MTTISE-----------------------------------VCGVWALDNP--ECIEVSGTN-D-------NV :  28 

ZipACR     : --------MAALHQALEELGQGASRHLLYR--------------------------APEEMVYGKWVEANP--RCIELHDHS-D-------YV :  49 

PsuACR_433 : --------------------MAELVD-----------------------------------EYGLWALENP--ECMEMSYTS-P-------NT :  28 

PsuACR_003 : --------MEAG----ATIEQGGLES------------------------------YDHKITYGVWEMQHP--ECFERGIESGD-------AV :  42 

RlACR_477  : ---------------------MALYT------------------------------SQFGIAYGSWEAEND--DCLSMGIASGA-------PV :  33 

RsACR_995  : -----------------------------------------------------------------------------MGIASGA-------PV :   9 

R1ACR_367  : --------------------MSYVED-------------------------------PAFGFYGSWEAANQ--DCIERGLSTTN-------NT :  33 

R1ACR_877  : --------------------MSATEN-------------------------------PAFGLYGTWENDHP--QCVEMGLDTSS-------QT :  33 

R1ACR_447  : ------------------MVWSHVDE-------------------------------PALGPYGSWEAANP--DCVALGLTTSK-------NT :  35 

R1ACR_741  : --------------------MSYVED-------------------------------PAFGFYGSWEAANQ--DCIERGLSTSN-------NT :  33 

R1ACR_799  : --------------------MAGVQDDWSAVS------------------------VPAFGQYGTWEAANP--ECVEMGLSTSK-------NT :  40 

R2ACR_853  : --------------------MSAVAD-------------------------------PQFGLYGTWEASNM--DCAAMGPTITS-------TT :  33 

R2ACR_142  : --------------------MATFNS--------------------------------TWTTYGAWEAANP--ECAEKMHRSSD-------AV :  32 

C1ACR_887  : --------MEHHSYDGAMRSLQAISGSFADIEGHWNGPTSV----------LDNPAVIDGQLYGAYVFMHP--ECHQGEYAP---------IV :  64 

C1ACR_023  : --------------------MTVLEVN--------------------------EAVIIDGVMYGEYIFSHP--QCIPAELVP---------VV :  36 

                                                                                                                 

                                                                                                                 

                                                                                                                 

CrChR1     : NILQWITFALSALCLMFYGYQTWKSTCGWEEIYVATIEMIKFIIEYFHEFDEPAVIYSSNGNKTVWLRYAEWLLTCPVILIHLSNLTGLANDY : 184 

CrChR2     : NVLQWLAAGFSILLLMFYAYQTWKSTCGWEEIYVCAIEMVKVILEFFFEFKNPSMLYLATGHRVQWLRYAEWLLTCPVILIHLSNLTGLSNDY : 145 

iC++       : NILQWISFALSALCLMFYGYQTWKSTCGWENIYVATIQMIKFIIEYFHSFDEPAVIYSSNGNKTRWLRYASWLLTAPVILIHLSNLTGLANDY : 145 

iChloc     : NVLQWLAAGFSILLLMFYAYQTWKSTCGWEQIYVCAIRMVKVILEFFFSFKNPSMLYLATGHRVQWLRYAEWLLTCPVILIHLSNLTGLSNDY : 145 

GcACR_457  : KITQLCMAVMSACQVLFMISRAPR--VPWEAIYLPATEMISYSLAFFGQ----GYVRLANGKVLPWCRMAAWLCTCPIMLGLVSNMALIKYKS : 143 

GcACR_145  : RTIITLWAVVCLCQALFMMTRAPK--VTWEAVYLPLVECILYCCTGAGY----GVLRMGDGRMLPLSRMCSWLITCPIMLSQAFGIHDMKLYG : 150 

GcACR_439  : KILQLCMSVVSSCQVLFMVSRAPL--VPWEAIYLPMTESITYGLAFTGN----GYIRLATGKILPWARMASWLCTCPIMLGMVSNMALVKYKS : 141 

G1ACR_203  : RTIITLWAVVCLCQALFMMTRAPK--VTWEAVYLPLVECILYCCTGAGY----GVLRMGDGRMLPLSRMCSWLITCPIMLSQAFGIHDMKLYG : 170 

G1ACR_243  : -MIITLWAVVCMCQALFMMTRAPK--VTWEAVYLPLVECILYCCTGAGY----GQLRMGDGRMLPLSRMCSWLITCPIMLSQAFGIHDLKLYG :  86 

GtACR1     : KYVQLVMAVVSACQVFFMVTRAPK--VPWEAIYLPTTEMITYSLAFTGN----GYIRVANGKYLPWARMASWLCTCPIMLGLVSNMALVKYKS : 119 

GtACR2     : SLLQLVWAVVSGCQTIFMISRAPK--VPWESVYLPFVESITYALASTGN----GTLQMRDGRFFPWSRMASWLCTCPIMLGQISNMALVKYKS : 115 

PsuACR1    : KMAQLCFCMVCVCQILFMASQYPK--VGWEAIYLPSCECFLYGLASSGN----GFIQLYDGRLIPWARYAAWICTCPSILLQINTIHKCKISH : 115 

ZipACR     : YVFQLCFAVVCACQVIFMFTRAPN--VGWEAIYLPLAEVVTYSIAANGE----GVLRMADGRYFNFAKLAGWAVCCPIMLIQIGGMAQIKYRT : 136 

PsuACR_433 : KTAQLCFCMVCLCQIIWIMGQWPK--VGWESIYLPACEMTLYSLAASGN----GFIQLADGRIIPYARMAAWICTCPALLMQINGLAKCKLGH : 115 

PsuACR_003 : KILQLCFAVISICQVIFMFTRAPK--VAWESIYLPLAECITYFLAFTGY----GVLRMSDGRIFPWARMASWVCTCPVMLGQVSAMGLIKWKS : 129 

RlACR_477  : KIIQLCWAVVSLCQVIFMLTRAPR--VAWEAIYLPLCETITYFLAFSGN----GYLRMADGQIFPWARMASWLVTCPVMLGQVSAMALIKYKS : 120 

RsACR_995  : KIIQLCWAVVSLCQVIFMLTRAPR--VAWEAIYLPLCETITYFLAFTGN----GYLRMADGQIFPWARMASWLVTCPVMLGQVSAMALIKYKS :  96 

R1ACR_367  : RMIQLLFASICACQVLFMASRAPR--VTWEAVYLPVVETVLYGMASTGN----GSMRLADGRIVPIARFCSWLITCPIMLFQVVGIHELKWRT : 120 

R1ACR_877  : NMIHLLFASICFCQVLFMASRAPR--VTWEAVYLPLVETVLYGMAASGN----GNLRISNGRMVPMARFCSWLITCPIMLLQVVVMHDVVWFN : 120 

R1ACR_447  : KMILLLFASICACQVLFMASRAPR--ITWEAVYLPLIETILYAMASTGN----GQLRLGDGRVLPIARYCSWLITCPIMLFQVVGLYDLKLWG : 122 

R1ACR_741  : RMIQLLFASICACQVLFMASRAPR--VTWEAVYLPVVETVLYGMASTGN----GNMRLADGRIVPIARFCSWLITCPIMLFQVVGIHELKWRT : 120 

R1ACR_799  : KMIQLLFASICACQVLFMASRAPR--VTWEAVYLPLVETILYGMASTGN----GSMRLADGRMVPIARFCSWIITCPIMLFQVVGIHEVKVYG : 127 

R2ACR_853  : KIFQLLFACICACQVVFMASRAPR--VTWEAVYLPLVETILYSVAATGN----GNMRLSDGRVVPIARFCSWLITCPIMLFQVVGIHELKWMG : 120 

R2ACR_142  : HVVQLTWAIVSFLQSMFMLSRFPR--NAWEAVFLPLAETCLYGLASTGN----GYVTMANGRTLPWGRMASWLATCPIIMNQINAVATVNFHG : 119 

C1ACR_887  : KIIQLCWAVICMCQVLFMFSRAPR--VPWEAMYLPGVECVIYTLAFTGN----GYVRMVDGRILTWSRLASWLVCCPVMLGQISAITLIKYQS : 151 

C1ACR_023  : KVFQICWAVVSMCQSAFMMTRMPK--VPWEAIYLPMVEAIVYVMAYTGN----GYLKMGSGRVLPWARMASWLVTCPVMHGQISGMTLIKYQS : 123 

                                                                                                                 

                                                                                                                 

                                                                                                                 

CrChR1     : NKRTMGLLVSDIGTIVWGTTAALSKG--YVRVIFFLMGLCYGIYTFFNAAKVYIEAYHTVP------KGI--CRDLVRYLAWLYFCSWAMFPV : 267 

CrChR2     : SRRTMGLLVSDIGTIVWGATSAMATG--YVKVIFFCLGLCYGANTFFHAAKAYIEGYHTVP------KGR--CRQVVTGMAWLFFVSWGMFPI : 228 

iC++       : NKRTMGLLVSDIGTIVWGTTAALSKG--YVRVIFFLMGLCYGIYTFFNAAKVYIEAYHTVP------KGR--CRQVVTGMAWLFFVSWGMFPI : 228 

iChloc     : SRRTMGLLVSDIGTIVWGATSAMATG--YVKVIFFCLGLCYGANTFFHAAKAYIEGYHTVP------KGR--CRQVVTGMAWLFFVSWGMFPI : 228 

GcACR_457  : QPLNPMMIAASIIRTVFGISATMAETN-DVIWTHFFFAFVCFIFEMSCAFAIFALTIDDFQ-QIGSPLAM-KVVKRLYLLRMVFFGTWSCFPI : 233 

GcACR_145  : IQLRMPICAASLIRTVCGLLASTTTDTKIAKWLFFFLGFSFYTMEITTVWFIFQQGIAKFTPTTDVPENA-TALRRLYFMRFIFFTSWTAFPV : 242 

GcACR_439  : QPLNPLMVASSIIRVVFGISATMSDDSQPAKWVFFFIAVIFFLFELTCVYAIFGMTIADFA-QIQSPLGD-AVVYRLNILRGIFFASWTCFPI : 232 

G1ACR_203  : IQLRMPICAASLIRTVCGLLASTTTDTKIAKWLFFFLGFSFYTMEITTVWFIFQQGIAKFTPTTDVPENA-TALRRLYFMRFIFFTSWTAFPV : 262 

G1ACR_243  : IQMRMPILAASLIRSVCGLLASTTTDTKVVKWFFFFLGFCFFSMEIGSVWFIFQHGIAKFAPTTDVPENA-TALNRLYIMRVIFFSSWTAFPL : 178 

GtACR1     : IPLNPMMIAASSICTVFGITASVVLDP-LHVWLYCFISSIFFIFEMVVAFAIFAITIHDFQ-TIGSPMSL-KVVERLKLMRIVFYVSWMAYPI : 209 

GtACR2     : IPLNPIAQAASIIRVVMGITATISPAE-YMKWLFFFFGATCLVFEYSVVFTIFQVGLYGFE-SVGTPLAQ-KVVVRIKMLRLIFFIAWTMFPI : 205 

PsuACR1    : FNLNTFIVQADLIMNIMGVTGALTTN-IAFKWIYFAIGCILFIFIVLVVYDIMTSAAKEWK-AKGDSKGN-LVSTRLILLRWIFIVSWCVYPL : 205 

ZipACR     : IPLNNVVLAASLNRIIFGMASAITASD-PARWGFYFCAWICYLTEVGITLTIMAVAISDFS-KIKTELGQ-WVVGRIQTMRIIFLVAWTSFPV : 226 

PsuACR_433 : FNLNTFQVVADLIMNVMGLNATLTNH-TYLKWIYFGIAMVLFGCIMGITHDIFSQTARKWK-SVDTPLAQ-KVAWRVTFLKYLFSLSWSIYPL : 205 

PsuACR_003 : VPLNNVMIAASLVRVCMGITATVTPND-NLKWMFFFFGVTCLLFEYTCVFTIFQLTINDFE-EIGSPLGN-FVAGRARILRIIFHTAWTCFPV : 219 

RlACR_477  : LPLNNMMVAASLIRVVMGISATITPNE-QLKWMFFFFGVSMLTFEYFCVFTIFSITIADFQ-EIDTPRSR-FVVGRLKILRIVFHSAWTAFPI : 210 

RsACR_995  : LPLNNMMVAASLIRVVMGISATITPNE-QLKWMFFFFGVSMLTFEYFCVFTIFSITIADFQ-EIDTPRSR-LVVGRLKILRIVFHSAWTAFPI : 186 

R1ACR_367  : ISCKNMVMAASLIRTVFGIGASVTIT-PTMRWVQYFLSLSFFLFELIVVYQIFSAGLKKFG-AVKTSLNN-IVYSRIMFLRFLFFLSWSSFPI : 210 

R1ACR_877  : VSTRYMVLAASLIRTVFGIGASVTTN-DTMRWVQFLLSCICFAFEMVVAHQTYKGALKKFA-AVKTTLNG-VVYARIMFLRFLFFFSWNAFPI : 210 

R1ACR_447  : ISCKHMVMAAALIRTVFGIGASVTLD-DQMRWVQFFLSYAFFFFELYCAYMIFGAALKQFG-EVRTTLNS-IVYSRIMLLRFIFFLSWNSFGI : 212 

R1ACR_741  : ISCKNMVMAASLIRTVFGIGASVTIT-PTMRWVQYFLSLSFFLFELIVVYQIFSAGLKKFG-AVKTSLNN-IVYSRIMFLRFLFFLSWSSFPI : 210 

R1ACR_799  : ISCKNMVMAASLVRTVYGIGASVTID-DKMRWIQYMLSCFTFLFELWCVYQIYNAGLKKFS-AVKTPLNN-IVHSRIQFLRFLFYLSWSSFPI : 217 

R2ACR_853  : VSCKNMVMAATLIQTVYGIGASVISN-NFMKWFLFFLGCICLAFDFFLVSSIFAAGLKKFG-AFRSKLNN-IVYNRLMFMRSLFFFAWVSFPI : 210 

R2ACR_142  : ISLNRIQVCASILTIVMGVTASVTDE-PPMQWAFFGLGTLCLIVEYVITTIIISAGVAKFQPYVEESETCRKAIGRLYLVRNMIFSTWAAFPI : 211 

C1ACR_887  : IPLNPMMIACSIIRTVFGVSAGVVQEE-PLKWVFFWLGIFFFAFELLGCYLIFAIAIADFE-ACKTELAN-KVIGRIKTMRAIIFICWPAITV : 241 

C1ACR_023  : IPINPMVIAASIIRVVMGVTATIVVTE-DLKWAFFGCGLVCLLFEYASVYTIFAVTIGDFA-DAKTDLGN-QVVARLKSIRSIFFVAWTAFPI : 213 

                                                                                                                 

                                                                                                                 

                                                                                                                 

CrChR1     : LFLLGPEGFGHINQFNSAIAHAILDLASKNAWSMMGHFLRVKIHEHILLYGDIRKKQKVN-----------VAGQEMEVETMVHEEDDE---- : 345 

CrChR2     : LFILGPEGFGVLSVYGSTVGHTIIDLMSKNCWGLLGHYLRVLIHEHILIHGDIRKTTKLN-----------IGGTEIEVETLVEDEAEAGAVN : 310 

iC++       : LFILGPEGFGVLSRYGSNVGHTIIDLMSKQCWGLLGHYLRVLIHSHILIHGDIRKTTKLN-----------IGGTEIEVETLVEDEAEAGAV- : 309 

iChloc     : LFILGPEGFGVLSVYGSTVGHTIIDLMSKNCWGLLGHYLRVLIHEHILIHGDIRKTTKLN-----------IGGTEIEVETLVEDEAEAGAVN : 310 

GcACR_457  : LWIISSTYMCVIDENASALLYLVADISCKNCYGLLLWSTTWGLLN-GKWDREYARNRDEAGML---M----ETDEKQGVIEPPKENFDVKL-- : 316 

GcACR_145  : FWVLSSTGLCVISEQTSALGYLCADALCKNLYGVIQTNTVWGLLG-GTWTPKKHPNNHDEEAPAN-SHNHKEEDTFAAPHGRFNSA------- : 326 

GcACR_439  : LWLVSSTSACLLDENISAVLYLMADALCKNSYGIVLWSTTWGLLN-GKWDREYPRNRDIDGLM---MD-I-DPAKEKQLEEMPNQNFDIKIMG : 319 

G1ACR_203  : FWVLSSTGLCVISEQTSALGYLCADALCKNLYGVIQTNTVWGLLG-GTWTPKKHPNNHDEEAPAN-SHNHKEEDTFAAPHGRFNSAKEIED-- : 351 

G1ACR_243  : FWVLSSTGLCVISEQTSALGYLCADAFCKNLYGVIQTNTVWGVLG-GTWTPKKPPSKDDEEAPTN-SHNDKEMDAFTAPHGRFNSAKEIQDTY : 269 

GtACR1     : LWSFSSTGACIMSENTSSVLYLLGDALCKNTYGILLWATTWGLLN-GKWDRDYVKGRNVDGTL---MPEY-EQDLEKGNTERYEDARAGET-- : 295 

GtACR2     : VWLISPTGVCVIHENVSAILYLLADGLCKNTYGVILWSTAWGVLE-GKWDPACLPGQEKPEAD---DPFG-LNHEKN---APPNDEVNIRMFG : 290 

PsuACR1    : LWILSPQATCAVSEDVISVAHFICDAFAKNMFGFIMWRTLWRDLD-GHWDISRHYP----------QSSYAKDGKEEEQMTAMSQTDDTEKPH : 287 

ZipACR     : VWVLGYTGFCVIHEDYIALLYLFADLLSKNTWGVMMWHTTWVKLN-GKWDREFAAAGGHEALK---KA--LEQDVEIGAGEKNQNQLTARQ-- : 311 

PsuACR_433 : LWILSPQATCSLREDVISCLHFVSDFFAKNIFGLVMWWTLWRDLD-GDWSFEHHYPPDQEQARSSASATHSLPGKSIGLAESINFVKDTQDCH : 297 

PsuACR_003 : LWVLSSTGTCMLDENTSATLFMLADAACKNMYGLILWNTTWGHLN-GKWDRDYVRSQIEAKEE---KP---ADKEMS-QVPPAAQDDGVKVFG : 304 

RlACR_477  : LWVVSSTGLCVLSENISSVCYMLADAACKNGYGLVLWNTTWGHLN-GKWDREFAKNADKDGEM---KA---IEEGAAGPAADAKKDEDIKLFG : 296 

RsACR_995  : LWVVSSTGLCVLSENISSVCYMLADAACKNGYGLILWNTTWGHLN-GKWDREFAKNADKDGEM---KA---IEEGTAGPAADAKKDEDIKLFG : 272 

R1ACR_367  : IWLLSSTGFCLVNEDVSVLAYLVADMICKNLYGITNANTLFRVLN-GKWTPETEEEAKQ-PKDNE-HAHVGETYFEQMLSGLRGSRH------ : 294 

R1ACR_877  : IWALSSTGLCLISEDASVLSYLVADLICKNIYGITNANTVFRVLD-GAWVPETEEHAQ---------AKDHLTYLEMMMNHNLGIGRHHDEEL : 293 

R1ACR_447  : IWLLSSTGLCMISEDVSVLAYLAADMLCKNTYGIINANTLFRVLD-GKWTPETLEEAASGVKKAN-PNHVGETYLERMMAGIRGSAKPEE--- : 300 

R1ACR_741  : IWLLSSTGFCLVNEDVSVLAYLVADMICKNLYGITNANTLFRVLN-GKWTPETEEEAML-PKDHE-HAHVGETYFEQMLSGLRGSRRRDH--- : 297 

R1ACR_799  : VWVLSSTGLCLINEDGSVLAYLVADILCKNTYGIINANTLFRVLD-GKWTPETLEEAA---N--T-YGIINANTLFRVLNGKWEPETEEEAKN : 303 

R2ACR_853  : IWTLAPTGICMINENATVLAYLIADMLCKNMYGIINANTLFQVLN-GSWTPETLESSKLPQK-----NEVHETYIDMALDSWRGKASEETEA- : 296 

R2ACR_142  : VWLLSPQGACVFGEDVVPLLYLIADALCKNVYGLIWYNTTWVLLGDGVWDPTKHVAKQ---------APALQQEMTANTSVIMAPAVIQETPC : 295 

C1ACR_887  : TWVLSSAGTCLVDDNYTTIGFVVLDAVCKNMYGVVIWSTTWGLLN-GKWDRDYARTFGQEEEQ---QEEAPDFDAKGGAMPGANDNVEVKMF- : 329 

C1ACR_023  : LWLLSSTGTCVIDENISAVAYLISDAFCKNFNGILLWSTTWGLLN-GKWDRDFVRAPPAAES------EK---DVQDAPRP--KSDVEVKMFG : 294 
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Supplementary Figure S1. ClustalW protein alignment of seven-helix transmembrane domains 

of ACR homologs tested in this study. Also included are two CCRs (lines 1 & 2), two engineered 

Cl--conducting CCR mutants (lines 3 & 4) and three previously characterized ACRs (lines 10-12). 

On the right are shown the numbers of the last residue in each line. The residue numbers on 

top of the alignment correspond to the sequence of CrChR2. The red lines show 

transmembrane helices according to 3ug9 structure.  

The four levels of gray shading reflect the degree of conservation (from the darkest to the 

lightest): 100% conserved, >80% conserved, 60%-80% conserved, and <60% conserved. Colored 

residues are positions in which mutations have been introduced to confer Cl- selectivity to CCRs 

mutants and those corresponding to the residues that contribute to the central and inner gates 

in the high-resolution crystal structure 3ug9 of a hybrid CCR. The color code is: blue, positively 

charged residues; red, negatively charged residues; green, polar residues; yellow, non-polar 

residues. 
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Supplementary Figure S2. Representative series of photocurrents generated by ACR homologs 

expressed in HEK293 cells. The traces were recorded in the standard bath in response to a 1-s 

light pulse (shown on top; also serves as a time scale bar). Note the different scaling of the Y 

axis in different panels. The holding voltage was changed in 20-mV steps from -60 mV at the 

amplifier output (bottom trace). Abbreviated protein names are shown in each panel (see Table 

1 in the main text for their accession numbers and source organisms). 
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Supplementary Figure S3. A homology model of GtACR1 built on Robetta server using the 

3ug9 template. Shown are the side chains of the residues that were replaced with glutamates 

for testing in this study (Ala61, Ala75 and Asn79), conserved glutamates in helix 2 (Glu60 and 

Glu68) and the Schiff base (Lys238). 
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Supplementary Figure S4. Properties of ZipACR photocurrents in HEK293 cells. (a) The 

dependence of ZipACR photocurrent half-decay time on the holding voltage. The data points 

are the mean values ± sem (n = 6 cells). (b) The dependence of ZipACR photocurrent amplitude 

on the stimulus intensity. The data points are the mean values ± sem (n = 3 cells).
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Supplementary Figure S5. Photocurrent decay rate in ZipACR is not affected by the E96N, 

N108P and G114S mutations. The currents traces were measured in HEK293 cells in standard 

buffer at -60 mV and normalized at the end of a 1-s light pulse the time course of which is 

schematically shown on top. A trace recorded from GtACR2 is shown for comparison. 
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Supplementary Figure S6. ZipACR expression does not affect neuronal morphology and 

physiology. (a) Representative images of cultured mouse hippocampal neurons expressing 

ZipACR (Zip) or control non-transduced neurons (Ctrl). The neurons were stained with 

antibodies against MAP2 (a dendritic marker), GFP, Synapsin (a synaptic marker) and Tau (an 

axonal marker). Scale bar 20 μm. (b) The number of primary dendrites per neuron at a 25 μm 

radius around the center of the soma. (c) The number of synapses per neuron in a 25 μm circle 

around the center of the soma. (d) The resting membrane potential in the dark. (e) The spike 

threshold in the dark (the injected current at the time of first spike induced by ramp 

stimulation). The data in panels b-c are the mean values ± sem (n = 5-12 cells). There was no 

significant difference between transduced and non-transduced neurons (p values by Mann-

Whitney test were >0.05). 
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Supplementary Table S1. Cryptophyte transcriptomes searched in this study for ACR 

homologs. 

 Project code Organism Habitat Search output 

1.  MMETSP0038 
Cryptomonas 
paramaecium 

freshwater 
No ACR homologs identified, 
low quality 

2.  MMETSP0043 Hemiselmis andersenii marine ACR homologs identified 

3.  MMETSP0046 Guillardia theta marine 
ACR homologs identified & 
confirmed previously 9 

4.  MMETSP0047 
Chroomonas cf. 
mesostigmatica  

marine 
No ACR homologs identified, 
low quality 

5.  MMETSP0484 Rhodomonas lens ubiquitous 
ACR homologs identified & 
confirmed 

6.  MMETSP0799 Geminigera cryophila marine 
ACR homologs identified & 
confirmed 

7.  MMETSP0986 
Unidentified eukaryote 
sp. 

marine 
ACR homologs identified & 
confirmed 

8.  MMETSP0987 
Unidentified eukaryote 
sp. 

marine 
ACR homologs identified & 
confirmed 

9.  MMETSP0988 
Unidentified eukaryote 
sp. 

marine ACR homologs identified 

10.  MMETSP0989 
Unidentified eukaryote 
sp. 

marine ACR homologs identified 

11.  MMETSP1041 Hemiselmis andersenii marine ACR homologs identified 

12.  MMETSP1042 Hemiselmis andersenii marine ACR homologs identified 

13.  MMETSP1043 Hemiselmis andersenii marine ACR homologs identified 

14.  MMETSP1047 Rhodomonas salina marine 
ACR homologs identified & 
confirmed 

15.  MMETSP1048 Hanusia phi marine ACR homologs identified 

16.  MMETSP1049 Proteomonas sulcata marine 
ACR homologs identified & 
confirmed previously 12-13 

17.  MMETSP1050 Cryptomonas curvata freshwater No ACR homologs identified 

18.  MMETSP1091 Rhodomonas sp. marine 
ACR homologs identified & 
confirmed 

19.  MMETSP1101 Rhodomonas abbreviata marine ACR homologs identified 

20.  MMETSP1102 Geminigera sp. marine 
ACR homologs identified & 
confirmed 

21.  MMETSP1355 Hemiselmis tepida marine No ACR homologs identified 

22.  MMETSP1356 Hemiselmis virescens marine ACR homologs identified 

23.  MMETSP1357 Hemiselmis rufescens marine ACR homologs identified 

24.  MMETSP1389 Rhodomonas sp. marine 
ACR homologs identified & 
confirmed 
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25.  BAKF Cryptomonas curvata freshwater 
No ACR homologs identified, 
low quality 

26.  IAYV Rhodomonas sp. marine 
ACR homologs identified & 
confirmed 

27.  IRZA Proteomonas sulcata marine 
ACR homologs identified & 
confirmed previously 12-13 

28.  MJMQ Hemiselmis virescens marine No ACR homologs identified 

29.  ROZZ Chroomonas sp. freshwater No ACR homologs identified 
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Supplementary Table S2. Numerical data on ACR diversity for Fig. 4 in the main text. The 
mean and sem values of the peak current, inactivation (measured as the difference between 
the peak value and the value at the end of the 1-s light pulse divided by the peak value, per 
cent), half-decay time (the time till the current reached 50% amplitude after the light-off) and 
the number of sampled cells for each ACR homolog tested in this study. The data for the 
previously characterized GtACR1, GtACR2 and PsuACR1 are also included for comparison. 

# Protein 

name 

abbreviatio

n 

Mean 

peak 

current 

(nA) 

Sem 

peak 

current 

(nA) 

Mean 

inactivati

on (%) 

Sem 

inactiv

ation 

(%) 

Mean half-

decay time 

(ms) 

Sem half-

decay 

time 

(ms) 

Numbe

r of 

cells 

1 GcACR_457 4.8 0.4 41.7 1.3 20.4 1.3 5 

2 GcACR_145 1.2 0.3 82.9 0.8 25.0 1.0 3 

3 GcACR_439 1.2 0.5 31.7 3.8 37.7 7.9 3 

4 G1ACR_203 0.8 0.4 76.1 3.0 38.0 2.5 3 

5 G1ACR_243  

6 GtACR1 7.5 0.9 12.0 1.2 128.4 15.8 12 

7 GtACR2 7.4 1.0 20.7 1.6 75.7 8.1 8 

8 PsuACR1 0.7 0.2 43.8 1.6 21.3 0.9 16 

9 PsuACR_973

/ZipACR 

10.7 1.3 17.0 2.3 3.2 0.2 6 

10 PsuACR_433 1.2 0.1 79.5 2.2 26.0 1.5 3 

11 PsuACR_003  

12 RlACR_477 5.0 0.5 27.7 1.7 29.7 3.2 7 

13 RsACR_995 3.9 1.1 32.2 3.9 14.7 3.2 3 

14 R1ACR_367 6.0 0.4 74.0 0.5 145.5 38.5 3 

15 R1ACR_877 1.0 0.1 12.5 1.1 115.0 4.0 3 

16 R1ACR_447 2.3 0.5 34.1 7.2 182.3 67.1 3 
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17 R1ACR_741 8.8 0.9 73.6 1.3 160.4 11.7 5 

18 R1ACR_799 0.6 0.6 73.8 5.0 257.5 15.5 3 

19 R2ACR_853 0.2 0.1 83.6 1.4 233.0 83.0 4 

20 R2ACR_142 15.0 1.6 43.5 2.7 305.8 36.0 12 

21 C1ACR_887 0.05 0.04 27.5 9.3 8.0 2.5 3 

22 C1ACR_023 0.6 0.5 51.5 8.9 38.7 9.8 3 

 


