
            *                *            *          * ****** 
Hs PDE2-A QQETRA----SRCCLLLVSEDN-----------LQLSCKVIGDKVLG--------------EEVSFPLT-GCLGQVVEDKK----SIQLKDLT-------------SEDVQQLQSMLGCELQAMLCVPVISR-----ATDQVVALACAFNKLEG---------DLFTDEDEHVIQHCFHYTST 
Hs PDE5-A HGLISA----DRYSLFLVCEDSSND-----KFLISRLFDVAEGSTLEEVSN----------NCIRLEWNKGIVGHVAALGE----PLNIKDAYED--------PRFNAEVDQIT---GYKTQSILCMPIKN------HREEVVGVAQAINKKSG-------NGGTFTEKDEKDFAAYLAFCGI 
Hs PDE6A-A CFLLQA----DRMSLFMYRTRNG------IAELATRLFNVHKDAVLEDCLVM-------PDQEIVFPLDMGIVGHVAHSKK----IANVPNTEED--------EHFCDFVDILT---EYKTKNILASPIMN------GKD-VVAIIMAVNKVD---------GSHFTKRDEEILLKYLNFANL 
Hs PDE6C-A AHLLQA----DRCSMFLCRSRNG------IPEVASRLLDVTPTSKFEDNLVG-------PDKEVVFPLDIGIVGWAAHTKK----THNVPDVKKN--------SHFSDFMDKQT---GYVTKNLLATPIVV------GKE-VLAVIMAVNKVN---------ASEFSKQDEEVFSKYLNFVSI 
Hs PDE6B-A CTLLQA----DRCSLFMYRQRNG------VAELATRLFSVQPDSVLEDCLVP-------PDSEIVFPLDIGVVGHVAQTKK----MVNVEDVAEC--------PHFSSFADELT---DYKTKNMLATPIMN------GKD-VVAVIMAVNKLN---------GPFFTSEDEDVFLKYLNFATL 
Hs PDE10-A KIATKA----DGFALYFLGECNNS-----LCIFTPPGIKEGKPRLIP---------------AGPITQGTTVSAYVAKSRK----TLLVEDILGD--------ERFPRGTGLES---GTRIQSVLCLPIVT------AIGDLIGILELYRHWG---------KEAFCLSHQEVATANLAWASV 
Hs PDE11-A CLMVDA----DRCSLFLVEGAAAGK-----KTLVSKFFDVHAGTPLLPCSSTE------NSNEVQVPWGKGIIGYVGEHGE----TVNIPDAYQD--------RRFNDEIDKLT---GYKTKSLLCMPIRS------SDGEIIGVAQAINKIP--------EGAPFTEDDEKVMQMYLPFCGI 
Hs PDE2-b RNLSNA----EICSVFLLDQN----------ELVAKVFDGGVVDD--------------ESYEIRIPADQGIAGHVATTGQ----ILNIPDAYAH--------PLFYRGVDDST---GFRTRNILCFPIKN------ENQEVIGVAELVNKIN---------GPWFSKFDEDLATAFSIYCGI 
Hs PDE5-b ISFMQV----QKCTIFIVDEDCSD--------SFSSVFHMECEELEKSSDTLTR-------EHDANKINYMYAQYVKNTME----PLNIPDVSKD--------KRFPWTTENTGNVNQQCIRSLLCTPIKNG-----KKNKVIGVCQLVNKMEENT----GKVKPFNRNDEQFLEAFVIFCGL 
Hs PDE6A-b RAFLNC----DRYSVGLLDMTKQKEFFDVWPVLMGEVPPYSGPRTPDGREINFY(16)PNPPPDHWALVSGLPAYVAQNGL----ICNIMNAPAE--------DFFAFQKEPLDES-GWMIKNVLSMPIVN------KKEEIVGVATFYNRKD---------GKPFDEMDETLMESLTQFLGW 
Hs PDE6C-b RSYLNC----ERYSIGLLDMTKEKEFYDEWPIKLGEVEPYKGPKTPDGREVNFY(16)PTPPADHWTLISGLPTYVAENGF----ICNMMNAPAD--------EYFTFQKGPVDET-GWVIKNVLSLPIVN------KKEDIVGVATFYNRKD---------GKPFDEHDEYITETLTQFLGW 
Hs PDE6B-b RAYLNC----ERYSVGLLDMTKEKEFFDVWSVLMGESQPYSGPRTPDGREIVFY(16)PTPSADHWALASGLPSYVAESGF----ICNIMNASAD--------EMFKFQEGALDDS-GWLIKNVLSMPIVN------KKEEIVGVATFYNRKD---------GKPFDEQDEVLMESLTQFLGW 
Hs PDE10-b KNLVNA----DRCALFQVDHKN--------KELYSDLFDIGEEKEGKPVFK--------KTKEIRFSIEKGIAGQVARTGE----VLNIPDAYAD--------PRFNREVDLYT---GYTTRNILCMPIVS------RGS-VIGVVQMVNKIS---------GSAFSKTDENNFKMFAVFCAL 
Hs PDE11-b QTLLKC----ERCSVLLLEDIESP------VVKFTKSFELMSPKCSADAENSFKESME-KSSYSDWLINNSIAELVASTGL----PVNISDAYQD--------PRFDAEADQIS---GFHIRSVLCVPIWN------SNHQIIGVAQVLNRLD---------GKPFDDADQRLFEAFVIFCGL 
At PHYE QRLTGY----DRVMVYQFHEDDHG-------EVVSEIRRSDLEPYLG--------------LHYPATDIPQAARFLFKQNR----VRMICDCNATP(16)NSTLRAPHGCHTQYMA-NMGSVASLALAIVVK-GKD--SSKLWGLVVGHHCSPR------YVPFPLRYACEFLMQAFGLQLQM 
Syn SLR0473 RRMTGF----DRVMLYRFDENNHG-------DVIAEDKRDDMEPYLG--------------LHYPESDIPQPARRLFIHNP----IRVIPDVYGVA(18)ESILRSAYHCHLTYLK-NMGVGASLTISLIKDG-------HLWGLIACHHQTPK------VIPFELRKACEFFGRVVFSNISA 
Syn PLPA RRTIHA----DRVLIHHIQEDGLG-------TTIAESVVNGQPSVMQ--------------MDLSPESFPPECYQRYLNGY----IYASRDQLPD--------CA--INCAVQCFT-VAESQSRIVAPIVF-------DHSLWGLLIVHQCSS---------SRTWQTAEIQLMQSLGNQLAI 
Fd RCAE QRILQA----DRVLIYHVLPDGTG-------KTISESVLPDYPTLMD--------------LEFPQEVFPQEYQQLYAQGR----VRAIADVHDP--------TAGLAECLVEFVD-QFHIKAKLIVPIVQNL-NANSQNQLWGLLIAHQCDS---------VRQWVDFELELMQQLADQISI 
An CYAB_1 GQILQA----EHTAIFLVDYDKC--------QLWSKVPQDNGQ----------------KFLEIRTPITVGIPGHVASTGQ----YLNISETATH--------PLFSPELERQM---GYKINNILCMPVVS------SKDQIVAVVQLANKTG---------NIPFNRNDEESFRDFAASIGI 
An CYAB_2 RILMQA----DRSTLFLYRKEMG--------ELWTKVAAAADTT---------------QLIEIRIPANRGIVGYVASTGD----ALNISDAYKD--------PRFDPTTDRKT---GYLTRNILCLPVFN------SANELIGVTQLINKQ----------QGSFTASDEEFMRAFNIQAGV 
Ec PTIP CLAMDT----EVCSVYLADHDRRC---------YYLMATRGLKKPRG--------------RTVTLAFDEGIVGLVGRLAE----PINLADAQKH--------PSFKYIPSVKEER----FRAFLGVPIIQ-------RRQLLGVLVVQQRELR----------QYDESEESFLVTLATQMAA 
Ab NIFA AYQLQM----HRGRVYLVGEDN----------VLRLVAANGLSNEAA--------------AQIEFRDGEGITGRILKTGM----PAVVPNLAEEP-------LFLNRTGGREDLD--EQVASLVGVPIKA-------AGVVVGVLTIDRISDE-------GPQGHFGSDVRFLTMVANLIGQ 
An CYAC_1 RSALDY----RQILQAIVDTVGHMLEVD---VCLLRSFQDGQLVDEGFVYQKDSP-AAVEKTIHDSAPLTILADTVWETRE----VQIIHDVAGDE----RIHGDSPELQHRNDAFAAADIRSSLVVPLIC-------QQELMAVLALHQCSQ---------ARVWGEEEVQLVLMVADQAAL 
An CYAC_2 GQALQV----DGCVLSLWTEEDEFVK----CVGLYDSSRHSEDSLDNHRLITQELP-----ESQAPILENPILQEILKTHE----PVIITDMNHS-----------DWETKRFDLHLKMPARSLMVVPLLA-------DGKCIGSITLREGKR---------ARQWLSADIELAKAVAAQAAI 
An CYAD EIFFQV----QQVVFRYLGSIDRL-------ALLIDVNGCGHLELVNAGTRS------KTQQQYLLADASWISRSICQKVFEEKIVIQTADTHKD--------ERFSSEHSILLKG----IRSAMAVPLWD-------ENKVVGVLYADAHLSS------YHWERDGEEELSFFSALANLVAS 
Syn SLR1047 EEVVFL----SQFANAVATCTGLQ--------ELIEVIRAEIRQVISVDEIF---------LYLYDQSQDSLTPLLYKTEESLQNFKAIEKIVERVLKLNQVEVIDDIQNDQDYLNQPSKIRSLLCYSLTV-------QNSIIGVLGLAHYQVK----------HFDSSDLNLFSTLTGQVAA 
Syn SLR2031 RSLHNL----NQFLELTPLMATRVT------DADGSALVLMREGEIS-------------IFEQIHGHKNSLKGTIKGALQ----KARQVNLTLD--------SSTVLSYFDRQLRQELPAIACYNTPILS-------HQEEVGRLYIFSQDR---------NYSWTPTRRKLLQLISDQTAV 
Syn SLR1142 PSDEKF----NRITRLLCRVLDMP---------VAAISLVDENRQWFKSIRG--------LDLTETPRCVSFCAHTILEDR----TLVISDTLSD--------LRFADNPLVLE---APHVRFYAGHPLKI------LDNIHVGTLCVYDTKP----------REISDDDVQFLEDLAITVAN 
Syn SLR1143 PIEERF----ERITRMVCRSLKVP---------IAAISIVDESRQWFKSIQG--------LNASETPREIAFCAHAILRDE----LLLVEDATQD--------ERFADNPLVTD---EPFIRFYAGYPLNL------GQDIHVGTLCAIDRVP----------RELSAEEQEILYDLSKMVES 
Sc YKG9 EGLSDGQ----VNWVCNLSNASSLIWH----AYKSLAVDINWAGFYVTQASE-------ENTLILGPFQGKVACQMIQFGKG---VCGTAASTKET------QIVPDVNKYPGHIACDGETKSEIVVPIIS------NDGKTLGVIDIDCLDY----------EGFDHVDKEFLEKLAKLINK 
Sh PHYB RELTGY----DRVMVYRFHEDEHG-------EVVAESRRDNLEPYLG--------------LHYPATDIPQASRFLFRQNR----VRMIADCHATP(16)GSTLRAPHGCHAQYMA-NMGSIASLVMAVIISS(13)SAMKLWGLVVCHHTSPR------CIPFPLRYACEFLMQAFGLQLNM 
At ETR1 NKAAEL----DREMGLIRTQEETGRHVRMLTHEIRSTLDRHTILKTTLVELGRT(15)-LELQLSYTLRHQHPVEYTVPIQ----LPVINQVFGTSR--AVKISPNSPVARLRPVSGKYMLGEVVAVRVPLLH(11)LSTKRYALMVLMLPSDS--------ARQWHVHELELVEVVADQVAV 
Ec FHLA_a DLASLC----EALSQLVKRSALADN-----AAIVLWQAQTQRASYYASRE-----------KDTPIKYEDETVLAHGPVRR----ILSRPDTLHCS-----YEEFCETWPQLVAGGLYPKFGHYCLMPLAA-------EGHIFGGCEFIRYDD----------RPWSEKEFNRLQTFTQIVSV 
Ec FHLA_b ELVSEV----AKEIHYYFDIDDIS--------IVLRSHRKNKLNIYSTHYLDKQHP---AHEQSEVDEAGTLTERVFKSKE-----MLLINLHER--------DDLAPYERMLFDTWGNQIQTLCLLPLMS-------GDTMLGVLKLAQCEEK----------VFTTTNLNLLRQIAERVAI 
An PixJ RQLLKCD----RVAVYRFNPDWSG-------EFVAESVGSGWVKLVG-PDIK---------TVWEDTHLQETQGGRYRHQE----SFVVNDIY----------EAGHFSCHLEILE-QFEIKAYIIVPVFA-------AEKLWGLLAAYQNSG---------TREWVEWESSFLTQVGLQFGI 
Np R6012 RQLLRC----DRVAVYRFNPNWTG-------EFVAESVAHTWVKLVG-PDIK---------TVWEDTHLQETQGGRYAQGE----NFVVNDIY----------QVGHSPCHIEILE-QFEVKAYVIVPVFA-------GEQLWGLLAAYQNSG---------TRDWDESEVTLLARIGNQLGL 
Syn SLR1393 RHLLSC----DRVLVYRFNPDWSG-------EFIHESVAQMWEPLKDLQNNF---------PLWQDTYLQENEGGRYRNHE----SLAVGDVE----------TAGFTDCHLDNLR-RFEIRAFLTVPVFV-------GEQLWGLLGAYQNGA---------PRHWQAREIHLLHQIANQLGV 
Te PixJ RELLAC----DRVIVYAFDDNYVG-------TVVAESVAEGWPQARD--------------QVIEDPCFREHWVEAYRQGR----IQATTDIF----------KAGLTECHLNQLR-PLKVRANLVVPMVI-------DDQLFGLLIAHQCSE---------PRQWQEIEIDQFSELASTGSL 
Syn PixJ RLALKA----DRVIVYRFDATWAG-------TVIVESVAEGYPKALG--------------ATIADPCFADSYVEKYRSGR----IQATRDIY----------NAGLTPCHIGQLK-PFEVKANLVAPINY-------KGNLLGLLIAHQCSG---------PRDWHQNEIDLFGQLTVQVGL 
Am PixJ RKIIKA----DRVIVYGFDEDWYG-------TVIAESAIPGIAKALW--------------AEIKDPCFAENYVEKYRAGR----IQAINNVH----------EAGLTKCHLAQLE-PFQVKANLVVPILR-------EEKLFGLLIAHQCTQ---------PRVWQESEINLFAQVASQVGF 
Syn CPH1 RRMTGF----DRVMLYRFDENNHG-------DVIAEDKRDDMEPYLG--------------LHYPESDIPQPARRLFIHNP----IRVIPDVYGVA(18)ESILRSAYHCHLTYLK-NMGVGASLTISLIKDG-------HLWGLIACHHQTPK------VIPFELRKACEFFGRVVFSNISA 
At PHYA FELTGY----DRVMAYKFHEDDHG-------EVVSEVTKPGLEPYLG--------------LHYPATDIPQAARFLFMKNK----VRMIVDCNAKH(16)GSTLRAPHSCHLQYMA-NMDSIASLVMAVVVN(15)QKRKRLWGLVVCHNTTPR------FVPFPLRYACEFLAQVFAIHVNK 
Dr BPHP RELTGF----DRVMLYKFAPDATG-------EVIAEARREGLHAFLG--------------HRFPASDIPAQARALYTRHL----LRLTADTRAAA(18)GAVLRATSPMHMQYLR-NMGVGSSLSVSVVVGG-------QLWGLIACHHQTPY------VLPPDLRTTLEYLGRLLSLQVQV 
Pa BPHP RRMTGY----DRVMAYRFRHDDSG-------EVVAESRREDLESYLG--------------QRYPASDIPAQARRLYIQNP----IRLIADVAYTP(18)YSVLRSVSPIHCEYLT-NMGVRASMSISIVVGG-------KLWGLFSCHHMSPK------LIPYPVRMSFQIFSQVCSAIVER 
Np PixJ RQLLKC----DRVAVYRFKPDWSG-------EFVAESVGNGWVKMVS-PDFY---------MVWEDSHLQDTQGGRYAKGE----SFVAKDIY----------KMGHAQCHIDILE-QYEMKAYIIAPIFA-------GEKLWGLLAAYQNSG---------PRDWQPWEESFVTQIGLQFGV 
Rp BPHP RRITGF----DRIKVYQFAADWSG-------QVIAEDRDSGIPSLLD--------------FHFPSSDIPAQSRALYTINP----VRIIPDIGYRP(18)FSVLRSVSPTHLEYMV-NMGMHAAMSISIVRDN-------RLWGMISCHNLTPR------FVSYEVRQACELIAQVLTWQIGV 
EIF4A1 RQSLRA----DNIKMFVLDEADEMLSRG-FKDQIYDIFQLLPPKIQVGVFSATMP(16)ILVKRDELTLEGIKQFYVNVEKEEWKLETLCDLYETL(19)DKMRSRDHTVSATHGDMDQNTRDIIMREFRSGS(13)IDVQQVSLVINFDLPTQPEN(16)AINFVTRDDERMLFDIQKFYNV 
PGK1 DDCIGP----EVESLVASLPEGGVLLLEN--VRFYKEEEKNDPEFAKKLASLADL-(7)-TAHRAHASTEGVTKFLKPSVA----GFLLQKELDYLVG-----AVSNPKRPFAAIVGGSKVSSKIGVIESLLE-(8)-GGMIFTFYKAQGLSVG--------SSLVEEDKLELATELLAKAKA 
GAPB KVAIN---GFGRIGRNFLRCWHGRKDSPLEVVVLNDSGGVKNASHLLKYDSMLG-(6)-KIVDNETISVDGKLIKVVSNRD----PLKLPWAELGI(33)KGADIPTYVMGVNEQDYGHDVANIISNASCTTN-(7)VLDEEFGIVKGTMTTTHSYT---GDQRLLDASHRDLRRARAAALNI 
TKL SRASAS----SRRRIAQSMTKNRSLRPLVRAAAVETVEPTTDSSIVDKSVNSIR-------FLAIDAVEKAKSGHPGLPMG----CAPMAHILYDEV(4)---PKNPYWFNRDRFVLSAGHGCMLLYALLHLA(35)TGPLGQGIANAVGLALAEKH----LAARFNKPDAEVVDHYTYAILG 
SHMT1 SGLVAA-(7)DYADVVTTTTHKSLRGPRGAMIFFRKGVKEINKQGKEVLYDFEDK(16)TITGLAVALKQATTSEYKAYQE----QVLSNSAKFAQ(12)GTDNHLVLVNLKPKGIDGSRVEKVLEAVHIASN-(3)VPGDVSAMVPGGIRMGTPAL----TSRGFVEEDFAKVAEYFDKAVT 
GOX1 GTIMTL----SSWATSSVEEVASTGPGIRFFQLYVYKNRNVVEQLVRRAERAGFK(15)SDIKNRFTLPPNLTLKNFEGLD----LGKMDEANDSG----LASYVAGQIDRTLSWKDVQWLQTITKLPILVKG(10)IQAGAAGIIVSNHGARQLDY----VPATISALEEVVKATQGRIPVF 
CA1 KEKYET(13)PKYMVFACSDSRVCPSHVLDFQPGDAFVVRNIANMVPPFDKVKYG(16)NIVVIGHSACGGIKGLMSFPLD----GNNSTDFIEDW(16)-DSAFEDQCGRCEREAVNVSLANLLTYPFVR-------EGLVKGTLALKGGYYDFVK(5)-WGLEFGLSETSSVKDVATILHW 

 

Additional file 5. Alignment of cyclic nucleotide binding protein candidates with known GAF domains  

Representative GAF domains (IPR003018) were extracted from the literature.  Where the protein has tandem GAF domains these are indicated by 
the letters “a” and “b”.  The number in parenthesis indicates the number of amino acids that have been omitted.  The * indicates conserved amino 
acids across species.  The cysteine residues that have been circled are sites of S-nitrosylation.  H. sapiens (Hs) phosphodiesterases PDE2, PDE5, 
PDE6A, PDE6B, PDE6C, PDE10 and PDE11 (Zoraghi et al., 2004); A. thaliana (At) phyE; Synechocystis sp. PCC 6803 (Syn) slr0473, plpA, 



slr1047, slr2013, slr1142, slr1143; Fremyella diplosiphon (Fd) rcaE; Anabaena sp. PCC 7120 (An) adenylyl cyclases CYAB 1, CYAB 2, CYAC 
1, CYAC 2, CYAD; E. coli PTIP and Azospirillum brasilense (Ab) NIFA (Aravind and Ponting, 1997); S. cerevisiae (Sc) YKG9; Sorghum 
halepense (Sh) phyB; At ETR1 and E. coli (Ec) Fhla (Ho et al., 2000); An PixJ; Nostoc punctiforme (Np) R6012; Syn slr1393; 
Thermosynechococcus elongates (Te) PixJ; Syn PixJ; Acaryochloris marina (Am) PixJ; Syn Cph1; At phyA; Deinococcus radiodurans (Dr) BphP 
and Pseudomonas aeruginosa (Pa) BphP (Narikawa et al., 2012) and Np PixJ and Rhodopseudomonas palustris (Rp) BphP (Narikawa et al., 
2008). 


