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Fig. S1. Predicted topology of SepJ from Anabaena sp. PCC 7120 and, chosen as two further
examples, Nostoc sp. PCC 7524 and Anabaena cylindrica PCC 7122. Left panels, TMHMM
predictions; right panels, Protter representations of the topological features predicted in the left
panels. These topologies illustrate the strong conservation of the last eight transmembrane
segments (integral membrane protein subdomain 2, IM2 [ref. 1]), which is widely found for
SeplJ from 20 heterocyst-forming cyanobacteria that were inspected. N-terminal to this section
of Sepl, two or three hydrophobic regions, which different topology programs identify as one,
two or three possible TMSs, are found. When two TMSs are predicted (50% of the checked
sequences), the N-terminal extra-membrane section is predicted to be cytoplasmic rather than
periplasmic. As noted in the main text, available experimental evidence favors a periplasmic
location of the N-terminal extra-membrane section of SepJ. Extra, extra-cytoplasmic space;
Intra, cytoplasm.
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Fig. S2. The SepJ protein produced in strain CSVM90 (SepJ,s63.745)- (A) Amino acid
sequence of Seplq;.745- Red color, amino acids of the coiled-coil domain; green color, liker
domain. The TMS starts at the VQVG sequence. A three-amino-acid-residue insertion (NSN) is
present in this protein as a result of the construction procedure. (B) TMHMM prediction of the
only transmembrane segment present in the SepJ 445745 protein. The program also predicts that
the N-terminal section of the protein is periplasmic.
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YOYGFLLYYLSTYHTALYNYYLKGHFYKTSOLSAHLEYAGLISPTLGHIMLILTLRLHYYYPLHILLAPHHYPOQYHODLONLKAQSL-GNNOSGSRSQ====== PORFYQLHFASGCFLFLSOYLIYLAL
YOVGFLLYYLSTYHTALYHYYLKGHFYKTSQLSAMLEYAGLISPTLGHIMLILTLRLHYYYPLHILLAPHHYPQYHADLONLKQSL-GHNOSGSRSQ======| PKRYYQLHFASGCFLFLSOYLIYLAL
IOIGFLLIVSSTYHSSLYHYAIKGHFYKTSRLSTLLOYEGLISPTYGHIHLILTLRLHYYYPLHHLLAPHHHPQYHADLOSLKESL-GONRPHSRYK======| KOGDLOLIIASGCFLFLSOYLIYLAL
LOYGFLLIVSSAYISSLYHIAIKYIFHEGSOQIFGYYDYERLLPPTLGHTLLILTLRFHYYYPLHYLLSPHLHPTLHODLENLARSYRGHPTA-ANTA======~ TKRILLLSYYSGCFLFLSOYLIYIAL
IOIGFLLIVLSAYYSSLYNYAIKYIFODGA-ILGYVYEYERLLYPTLGHTLLILHLRLLYYYPLHLLLAPHHHPPYHODLONLFASFKGNSHP=DNSK======~ TRKYLOLSIASGCFLFLSOYLIYIAL
IOIGFLLIVLSAYYSSLYNYAIKYIFODGA-ILGYVEYERLLYPTLGHTLLILHLRLLYYYPLHLLLAPHHHPPYHODLONLFASFKGNSHP=DHSK======~ TRKYLOLSIASGCFLFLSOYLIYIAL
IOIGFLLIVFSTYYSSLYNYAIKYIFHOGSEILGLYAYERLLYPTLGHTLLILHLRLLYYYPLHYLHAPIHHPRYHADIONIFDALRKNSTR-AHAR=====~ TKRYFOLSIASGCFLFLSOYLYYLAL
IOIGFLLIVLSTYYSSLYHNYAIKYHFFOGSOILGLYDYERLLYPTLGHYLLILHLRLLYYYPLHLLLAPHHHPRYHADLONIFDSYRGHSTP-AKTA====== TKKYLOLSIASGCFLFLSOYLYYLAY
YOIGFLLYYLSTYYSSLYHYAYKHHFHONSAYYGSLAYERLLLPTLGHIFLILLLRLAIYYPLTLLLAPHHHPQYHODIKHLHESFOGKPSA=-AKYK====== AQRYLOLSIASGCFLFLSOYLIYHAL
IOIGFLLYYLSTYYSSLYNIYIKGHFFKAYDNFGYLEIEGIISPTLGHILLILHLRLLYYYPLHLLLAPHHHPOQYHODHONILKSLGGSSTPHSSYK====m== KORILOLSIASGCFLFLSOYLIYYAIL
HOMGLLLILLSTYLSSLYHNYAIKAIFOPNSLILGAFQYEQLISPTLGHSLLILHLRHHYYYPLHLYLAPHHHORYHADLHSLAGSYRGHPTP-SKAS======~ TROYLILSYYSGCFLFLSOLLIYLAI
HKHGLLLILFSTYLSSLYHYAIKALFOPNSLILGAFQVEQLISPTLGHSLLILHLRHLYYYPLHLYLAPHHHORYHAODLHSLADSYRGHPSP-TKAS=====~ TRRYLILSYVYSGCFLFLSOLLIYLAI
IOGGFLLYASSTYHSSLYHYAYKALFNEGSDLLGNFETQOLISPTLGHNIFLILHLRLLYYYPLHLLLAPILHPPYHODLONLFDSYSISTAT-NSDK======~ TKPYLLLSYYSGGFLFLSOYLIYIAL
YOVGFLLYYLSTYHSSLYHNYAYKALFYKGSDFLGNFETOQOLIAPTLGHIFLILHLRLLYYYPLHLLLAPILHPSYHODLONLFDSYGRHATS-NOAK======~ TKOYLILSYYGGCLLFLSOYLIYIAL
YOYGFLLYYLSTLYSSLYNYAIKALFYKDSOILGEFETOQQFITPTLGHIFLILHLRLLYYYPLHLLLAPILHPPIHOQDLONLFDSIGRNTTP=NSAK====== TKRYLILSYYSGGCLFLSOYLIYLAI
YOVGFLLYYLSTYVYSSLYNYAYKAIFATGSEIFGG=====~| LAPTYGHILLYLHLRLLYYYPLHLLLAPILHPPYHODLONLFDAKRRNANS~-DLAH======~ TORYLLLSIVSGCCLFLSOYLIYHAL
LOIGFLFIALSTYYSSLYHNYAIKAIFFTASNPLGGLPTOOLIFPTLGHNIFLILHLRLLYYYPLHLLLSPILHPPIHQELENLFASLGANATP-TONK======~ TKOALFLSYISGCLLFYSOYFIYIAL
LOIGFLLICLSTYYSSLYHNYAIKAIFFTASNPLGGLPTOOLIFPTLGHIFLILHLRLLYYYPLHLLLSPILHPPIHQELENLFASLRANATP=Y(QNK====== TKOSLFLSYISGCLLFLSOYFIYIAL
APHGLLLILLSTGYISLYNYAIKYIFNPDSLIFGAFEYEGLLTPTLGHSLLILHLRHLYYYPLHLYLAPILYPQYHODLONLAESLRTKS=RTTHAK====== SKOYLLLSIYSGCFLFLSOYLIYIAL
APIGLLFYLLSTGYISLYNYAIKYIFNSDSLIFGAFEYOQGLLTPTLGHSLLILHLRHLYYYPLHLYLAPILYPQYHODLONFAESLRTKS=RSTHAK====== SKOYLLLSIYSGCFLFLSOYLIYIAL
APIGLLFYLLSTGYISLYHNYAIKYIFNSDSLIFGAFEYQGLLTPTLGHSLLILHLRHLYYYPLHLYLAPILYPQVYHADLONFAESLRTKS=-RSTHAK====== SKAQYLLLSIVSGCFLFLSOYLIYIAL
APHGLYFILLSTGYISLYHYAIKYIFNPNSLIFGAFDYQGLLTPTLGHSLLILHLRHLYYYPLHLYLAPILYPQYHODLONLYESLRTKS=-RTGNAK====== SKAYLLLSLYSGCFLFLSOYLIYIAL
APHGLLLILYSTYYISLYNYAIKYLFNPTSLIFGYFEYEGLLAPTLGHSLLILHLRHLYYYPLHLYLAPILHPQYHODLOSLLGSRRTKS=TTANAK====== AKQYLLLSYYSGCFLFLSOYLIYIAL
APHGLLLILYSTYYISLYNYAIKYIFNSTSLIFGYFEYEGLLAPTLGHSLLILHLRHLYYYPLHLYLAPILYPQYHODLOSLYGSRRTKS=TTTHAK====== AKQYLLLSIYSGCFLFLSOYLIYIAIL
PAIGLLLYYLSTYATSLYNYAIKYYFNPGTLIFGYFEYERLLPPTLGHSLLILHLRHLIYYPLHLYLAPHHHPOQYHAODLOSLIOSARAKS-STANAQ====== AKOQLLLLSIYSGCFLFLSOYLIYIAL
SYIGICLLALSTYYSSLYHNIAIKYIFHSDTOQIFGIFEYEQLLLPTLGHNILLILHLRHLYYYPHHLYLAPILHSQIHEDLOSLIESLOKKRHNT=HSK====== SKQYLLLSILSGCFLFLSOYLIYSAI
SATGICLLLLSTLYSSLYHNIAIKYIFAPGIEILGAFEREQLLPPSLGHILLILHLRHLYYYPHILYFAPILHPQYHEDLODLYGGSASKKPNTANDR=====~ SKRYLLLSIVSGCFLFLSOYLIYIAL
OLTGIILLYLSTYASALYHIYIKYIFLPGSOQIFGYFDYERYISPTLGHSLLILHLRHLYYYPLHLYLAPILHSRYHODLOYLGDSIRG===HSSHPT====== AKRYLYLSIVSGCFLFLSOYLIYLAL

SLRAGFILIHLSYYASAL YHYSYKANFFOKSAIFGYFDYQALIVPTLGHCFLILHLRHLYYYPLHLYHAPTHHOGIHNDIRGLYDSLRNNKGSAPNATPHPRATTKAYLYLSLISGFFLFLSOVLIYLAL
LRAGFILIHLSYARSAL YHYSYKAHFFOKSQIFGYFDYQQLIYPTLGHCFLILHLRHLYYYPLHLYHAPIHHOGIHNDIRGLYDSLRNNKGSASHATANPRATTKAYLYLSLISGFFLFLSOYLIYLAT

RPKGLLLIGLSAYATSIYHYAIKALIFN====== GIFDSDOLISPTLGHCLFYLHLRHLYYYPHHLYLAPILHPRYHHDLONLIESIKASRNPASIT======= ARRYLHLSTISGGFLFLSOYHLYLSI

OPIASLLLILYTIVSALSHYAIKTIFOPNSOILGTFAYEQLLPPTLENCLLILHLRHLYYYPHHHLLAPIHHPQYHADIOKLFYGSKQIPNHRNPTTEKP--LGKRYLFLSYFSGLFLFFSOYLYYFAI

OGLFLIILSTLISSLYNYAIRYHFOPESHILGIFEVEQLILPTLGHSLLILHLRHLYYHPLHLYIAPILYPKYHLELOELIDAFKASTTKHDRS ======~ GOKALILCFLGGYFLFLSOVLIYIAL

LOIGFLCLGLYTYYSSLYHNYIIRAFFHEGSOLLGEFOKGGLLLPTLGHIFLLLHLRLLYYLPLHLLLAPTLHPPIHOEIKHLFRKPNKKHGTHT T====m==== GKOLLILSYLSGGCLFLSELFIYYAL

LOIGFLHLGLYTIVSSLYNYIIRAFFHDGSOLLGEFORGGLLLPTLGNILLLLHLRFLYYLPLHLLLAPTFHPPIHOEIKHLFGKPNRNNSKHST======== GKOLLILSFLSGGCLFLSELFIYYAI
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Fig. S3. Alignment of the permease section of SepJ from 35 heterocyst-forming cyanobacteria and location of the mutations introduced in the protein from Anabaena
sp. strain PCC 7120. The sequence of strain PCC 7120 Sepl] includes amino acid residues 412 to 751. The alignment was performed at MultAlin
(http://multalin.toulouse.inra.fr/multalin/) with default parameters. Color code: red, amino acid residues conserved in more than 90% of the sequences; blue, amino

acid residues conserved in more than 50% but less than 90% of the sequences. Horizontal green line, part of a predicted cytoplasmic loop in SepJ of heterocyst-
forming cyanobacteria, deleted in strain CSFR12; green vertical arrows, point mutations in the indicated strains; purple vertical arrow, residue at which the C-terminal
deletion starts in strain CSFR22. Horizontal blue lines, TMSs as predicted by TMHMM for the SepJ protein of strain PCC 7120 (see Fig. S1).
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Fig. S3. Continued.
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GQYPTGYATALFFYYPLINGYL SHLLFR----- DRPGVFRHSHIGHIFCGEVLVFHGHTSTGIGTTPLGSITHILHGHHFHCYLILTRVCHHKV--HPVSLSLINFVTHLGLSFIFL ----- MIPLPENH
GOYPTGYATALFFYYPLINGYL SHLLFR-----DRPGYFRASATGSIFCGEYL VFAGATSTGIGTTPLGSITATLAGARFACYLIL TRYCAAKY=~HPYSLSLINFYTHLGLSFIFL-=---HIPLPENH
GOYATGTATALFFIYPYINVILSHFLLR-----DRPSGFRTTALGAIFGGELL VFAGIATTGISDSYFGGITATARGARFACYLLL TRYCARKY=~HPYSLTFINFSTHLALSFYFL-=---HLPLPDSH
AQYTTGHATALFF IYPHYSGLLSHFLFR-~---DRPTTFRFGATARICCGELL VL GGSPNNSIGHPSLGGSTALLSGYAFARYIIL TRYCASKL-~HPYTF TLINFATHLLLSFYCL==---HLPLPSHH
GOYTTGHATALFFIYPLISSLLANLLFR-----DRPNYFRYGAMGALFCGELL VL GGATSSTLGHYPLGSTTATMSGIAFAYYYIL TRICANKY=~HPYSF TLINFATHLLL SFIGL~~---HYPLPEDL
GOYTTGHATALFFIYPLISSLLANLLFR-----DRPNYFRYGAMGALFCGELL VL GGATSSTLGHYPLGSTTATMSGIAFAYYYIL TRICANKY=~HPYSF TLINFATHLLL SFIGL==---HYPLPEDL
GOIPTGHATALFFVYPLISGFLSHFLFR-~---DRPTLLGAYATGSLFCGELL VL GGSALG---HYSLGSSTATYSGYAFATYYIL TRACASKL-~HPYTF TLINFATHLLL SFIGL~~---HIPLPSEF
AEIPTGHATALFFYYPLISYFLSHFLFR-----DRPTYFRTYATGALFCGELL ILGGSSIS-HDNLSFGGSTATLSGIAFAYYYYL TRICASHL-~HPYSF TLINFATHLFLSFIGL-----HIPLPGEW
GOYTTGHATALFFIYPSYSGLLSHLLFR-----DKPTGYRARATGAIFLGELL VL GGAATAGISDF SYGSTARTFGGYAFACYYIL TRICARKL-~HPYSF TLISFTTHFYLSFIGL==---HLPLPSTL
GOYATGHATALFFYYPHMSGLL SHLL FR-----DRPNGFRSAAMGATFCGELL VL GGSASLGLANFSLGSSTATFAGYAFACYYIL TRYCATKL=~HPYSFTYINFTTHLYL SFICL===~--HLPLPSHL
GOYPTGHATALFFIYPHISGLLSHFLFR-----DQPTLFRISATAYIFIGELL HLGGSAGAGIGHNYYGSHSATASGYSFATYYIL TRICARKL-~HPYTF TLINFATHLCLCFIGL==---HLPLPTSS
GOYTTGHATALFFIYPHISGLLSHFLFR-----DQPTLFRIGATASIFIGELL HL TGQANAGIGHNYYGSHSATASGYSFATYYIL TRICARKL-~HPYTF TLINFATHLCLCLIGL ~---~ILPLPTSS
GKYTTGIATALFFIYPHITGLLSHFLFR-~--~ERPNLFSSGATSSIFFGOLLIL~GSYSTGTSHTSLGIISGIMSGIAFATYYIF TRLCAPKL-~HPYSFALINFATHLLLSFICL==---LYPLPSDH
GKYLTGIAYALFFIYPLYNGLLANFLFR----~ERPNLFSAGATFGIFCGELL TL ~GSYSNGHNNTSL GITSGIMSGHAFAYYYIL TRLCAPKL-~HPYSFALINFATHLLLSFICL==---HYPLPSDH
GEYTTGIATALFFIYPYISGLLANFLFR----~ERPNLITAGAYATIFFGELL IL ~GSYSTGISHTSLGTISGIMSGIAFAMYYIF TRLCATQL-~HPYSFALINFATHLLLSFICL==---HLPLPSDH
GEVATGYATALFFIYPSITALLSHFLFR-----DRPNLHGAGATASIFCGELL VL ~GS-SPNIGHSSLGSSTATFSGIAFAYYYIL TRLCSDKL-~HPYSFTLINFATHLLCSFICL===--LYPLPSSH
GEYTTGHATALFFYYPYMSYFLSHFLFQ-----ERPNSLYTGAMARIFCGELL VL ~GSQSTGYNNTALGSTTATLSGIAFATYYIL TRICATKLKLHPYSLTLINFTTHLLLSLICL==--~TTPLPGHL
GEYTTGIATALFFIYPYMSYFLSHYLFQ----~ERPSLHYTGAMARIFCGELL VL ~GSQSVGYNNTSLGSTTATLSGIAFATYYIL TRICATKLKLHPYSLTSINFTTHLLLSFICL===-~TIPLPSHL
SOTATGYATALLFVYPATSALLANSLLR----~EQPTSFRFGATASIFYGOMHILAGDTGYSTGHAFYGSIARLYSGIAFAFYIIL TRICASKL=~HPYPF TLINFATHLVLSLYGL-~--~IIPLPITH
SOIATGYATALLFVYPATSALLANSLLR----~EQPTSFRFGATASIFYGOHHILAGDTGYGTGHAFYGSIARLYSGIAFAFYIIL TRICASKL-~HPYPF TLINFATHLVLSLYGL-~--~IIPLPITH
SOTATGYATALLFVYPATSALLANSLLR----~EQPTSFRFGATASIFYGOMHILAGDTGYGTGHAFYGSIARLYSGIAFAFYIIL TRICASKL-~HPYPF TLINFATHLYL SLYGL~---=IIPLPITH
SOTATGYATALLFVYPATSALLANSLLR-----EQPTSFRFGATASIFYGOMHILAGDTGYGTGHAFYGSIARLYSGIAFAFYIIL TRICASKL-~HPYPF TLINFATHLYL SLYGL-~---IIPLPITH
SOTATGYATSLHFVYPATSGLLANSLLR----~EQPTSLRLSATASIFLGOHL ILAGDTSIGTGHAFLGSITAYYSGIAFAF YYIL TNICATKL-~HPYPF TLINFATHLYL SFYGL-~--~IIPLPITH
SOIATGYATALHFVYPATSGLLANSLLK-~--~EQPTSLRLSATASIFLGOHL ILAGDTSIGTGHAFLGSITAYYSGIAFAF YYIL TNICASKY-~HPYPF TLINFATHLVLSFYGL-~--~IIPLPTTH
GOTAYGHATTLLFIYPATSGLLANFLFR-----DQPNSFRLKALACICLGOMLVLAGSTTIGTGHY-LGSTTATASGYTFAYYYIL TRICARKL-~HPYSFTLINFATYLLLSFIGL==---HLPLPHNH
SOTATGEATALFFIYPATGGLLGHFLFR-----DRPTSARYAATYCIGLGOML VL SGSTSIELANPTFGTTTATASGYAFATYYTL TRICARKI~~HPYTF TLINFATHLLLSFYSL==---LLTLPTHH
SOTATGHATALLFIYPATSGLLANFLFR-----DRPGLFRKSATACILGGOYL VLAGSSTFPAKYYTFGSTTATASGIAFATYYIL TRICARKL-~HPYSF TLINFATHLGLSLLGL~=---LLSLPING
GOYPTGYATALFFVYPYISGLLSHSLFG-----DRL TFFSFGAMARIGLGELL VL 6SSSSTYHRNIPLGSIARTASGTAFAF YLIFSRKCARKL-~HPYSF TLINFATHLFLSYFGL-~--~ILPLPTHH
GOVATGYATSLFFIYPYISGFFGHLIFR-~SDRERPTLSRYSATACICFGOLLVLGSNTSNP-~NISFGSTARTYSGYTFATYIVL TRICAARL-~HPYSFTLLNFTTHLLLCFYAL~~--~TIPLPANT
GOYATGYATSLFFIYPYISGFFGHLIFR-~SDRERPTLSRYSATACICFGOLLVLGSNTDNP-~SISFGSTARTYSGYTFATYIVL TRICAARL ~HPYSFTLLNFTTHLLLCFYAL-=---TTPLPYNH
GOTATGHATALLFYYPTYSGILSHLLFR-----DIPSKFRAFAYAHIVLGIYVL VLGGASDT-~NNLSFGSITGIFAGISFAF YYIL TRICAARL-~HPYSFTLINFATHLFLCFISLCFITILLPLPSGH
GOYPTGIATALFFIYPYITYILSHLLFRRQSRSDRFSRFRLSATANIGFGELL TTSFPTASATGHFSLGTNSATHAGSSFAYYLILSRICAARL ~~HPYSATLIHSTTHLLL SGISL~~---YIL SPANK
GOYSASHYITLFFIYPTISSLLSHFLLQ-~---DFPTPFRATTISTIFLGELL VL GGYYRTETGHLFLGSLSATYAGANFGCYYYTNRIGSAKY-~HPYTFTLINFTTILHLCFTSL-~--HILPFFSAR
SOLTYGYANSLFFVYPLYTGILANFLLS-~--~ERPSPYKIGAIFGILGGOLF ILSSPTTTN---~TLASISATLSGIAFGTYLITSRLSASAT-~HPTSFALLNF TSHLLLSFFSL==---LYPLPSHH
SOLTYGYAMSLFFTYPLYTGILANFLLS----~ERPSPYKIGATFGILGGOLFILSSPTTTN---~TLASIFATL SGIAFGSYYIISRLSASAT-~HPYSFAFFNFATHLLLSFLCL==---LYPLPADH
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SLYY--DPSKLLEIVLSAFILGALTLLSYYFSHIGINKLGGLRSATIISASYPILTYILAGLYLOETLNIAOIFGYLFYTFGAIAFGIGKIONPNKPANAEG
SLYY--DPSKLLEIVLSAFILGALTLLSYYFSHIGINKLGGLRSATIISASYPILTYIFAGLYLOETLNIAOIFGYLFYTFGAIAFGIGKIONPNKPSHAEG
SLAY--DPSKYLEIVLSARILGYLTLLGYYSHHIGYNKLGASRSAIIGAGYPILTYVYFAGLILOETLNIYOILGYLFITFGAARFSFGKHRNOSASSHSES
HLIV-FDSSKHLELVLSAFILGYLTLAGYLLNNYGISKLGASRSATIGGSIPYLTYIFAGLITOENLEIVOILGYLLYTFGAARRFSLETHRNOAKPSSHTH
GLVL--NPNKLLEIILSAFILGYLTLFGYYVNNYGIRQLGAIRSAIIGSSYPFLTYIFAGLLIOENLEYAOILGYLLYTFGAARFSFEKHRNOPKSSHTYN
GLVL--NPNKLLEIILSAFILGYLTLFGYYVNNYGIRQLGAIRSATIGSSYPFLTYIFAGLLIOENLEYAOILGYLLYTFGAARFSFEKHRNOPKSSHTYN
SLYL--DPSKYLEIVLSAFILGYLTLCGYYFNHLGILKLGATRSATIIGASYPILTYIFAGYIIOENLEILOIFGYLLYTFGAGAFGFEKHRKLANSTHYPH
SLYI--DNSKLLEIILSAFILGYLTLCGYYFNNIGIRKLGASRSATIGAGYPILTYIFAGLITOENLETIOILGYLLITFGAAAFSLEKHRNIKSYNSHO
SLDI--DGSKLLEITLSAFILGYLTLLSYYLNNYGIROLGALRSATIGAGYPILTYVFAGLLIOETLETIIOILGYLFYTFGAAARFSFEKHRHAOYKSSSAET
SFAY--00SNHLELILSAFILGYLTLYGYYLNNYGIRKLGALPSAIIGAGYPILTYVFAGLILOETLEYAQYHGYYFYSFGYARYSFEKHRTOYKPSRSEN
SLIY--DPHRLLELILSAFILGYHTLASYYLNNYGISKYSATRARIFGASYPYLTYIFAGLITOETLSIYOALGYLLITFGAAAFSLERIRAS
SLIY--DPHRLLELILSAFILGYHTLASYYLNNLGISKYSATRARIFGASYPYLTYILAGLITOETLSHYOALGILLITFGARAFSLERIRAS
SLAI--RSSHLLEYILSAFHLGYLTLCGYLFNNFGIRKLGGPRSAIIGAYYPILTYIFAGLHIOEKLDLIOILGYLLYTGGAYALSFEKYOTASASSSFKN
SLAT--RSANLLEYILSAFHLGYLTLCGYLFNNFGIRKLGGPPSATIIGALYPYYTYIFAGLHIOEKLDIYOIHGYLLYTGGAYATISFEKHRNHLASSHTHNORHKNNETKYRG
SLAI--RSSHLLEYILSAFHLGYLTLCGYLFNNFGIRKLGAPQSATIIGATYPYLTYIFAGLHIOETLHLLOILGYLLYTLGAYAFSFEKHONOYKSSSPHN
SLAI--DSSRLLELILSAFHLGYLTLCGYLFNNFGIRQLGASRSATIGASYPYLTYIFAGLHIOESLDIYOYLGYLLYTFGAARFSFEKHRNOYKPSSSPH
SYAI--SSSNILELYLSAFILGYLTLCGYLFNNFGIRKLGSPFSSLIGATYPILTYIFAGIMLOESLNIVOVIGYILYTLGAARSISHKKPPHOLOPTK
GLAI--SSSNILELYLSAFILGYLTLCGYLFNNFGIRHLGTPYSSLIGATYPILTYIFAGYHLOESLNIAOVIGYILYTYGAASISLKKTPNOLAPSE
SLAV--NPNKLLELILSAFILGYLTLFGYYFNNYGYRKLGATRSAILGSTYPYLTYILTGLITOETLAPAOYLGYLLYTYGAARISYEKHRNHTKTTSTTSHN
SLOQY--NPHNKLLELILSAFILGYLTLFGYYFNNIGYRKLGATRSATIIGATYPYLTYILTGLITOETLQPAOYLGYLLYTAGRAARISYEKHRNHTANTGTTSHN
SLQY--NPHNKLLELILSAFILGYLTLFGYYFNNIGYRKLGATRSATIIGATYPYLTYILTGLITOETLOQPAOYLGYLLYTAGAARISYEKHRNHTANTGTTSHN
SLQY--NPHNKLLELILSAFILGYLTLFGYIFNNYGYRKLGATRSAILGATYPYLTYILTGYITOETLAQPAOYLGYLLYTFGAARISYEKHRNHTKTHNATTSRN
SLAY--NPNKLLELILSAFILGYHTLFSHYFNNYGIRKLGATRSAILGATYPYITYILAGLITOETLLPAOYLGYLFYTGGAARAYSYEKHRNRAKKA
SLOY--NSHKLLELILSAFILGYLTLFSHYFNNYGIRKLGATRSAILGATYPYITYILAGLITIOETLLPAOYLGYLFYTGGAAARYSYEKHRNRTKRY
SLLL--NPNNLLELILSAFILGYFTLFGYLFNNYGIRKLGATRSAIYGATIPALTYILAGFIIOENLOQPIOVLGYLLYTGGTARYSYEKHRNRNKYPRSKN
SLOP--KSSHLLELYLSAFILGYFTLCGYLFNNIGIRKYGASRSALLGATYPYLTAVFAGLIIOENLOQLYOVLGYAFYTCGYARFSYEKHRNTIKTSATTS
GLOL--0SSNFLELILSAFILGYFTLFGYLFNHISIRKLGASHARVFGATYPYLTYILAGLITIOESLAQIVOIFGYLLYTGGATIAFSYEKHRNFHKASATT
NLOL--NPAYFLELVLCAFLLGYLTLFSYLLNNFGIRKIGASRSAIIGATIPYITGILAGLITOETLAIEQYLGYLLYTFGAAAFCFEKIRNRHOPYNNSSH
GYQY--NNTHFLELILSAFILGYLTLAGYYLNHLGIRKFGAIRSALIGACYPALTYLFAGLITIOENLELIOYIGYLYYTVYGARAFNLEKIRNRSRSSRTTA
GYQY--NNTNFIELILSAFILGYLTLAGYYLNHLGIRKFGAIRSALIGACYPALTYLFAGLIIOENLELIOVIGYLYYTYGAAAFNLEKIRTRSRSSRTTA
SLDI--NSTHNFLELILSTFILGYLTLCGYLLNNFGIRKLGATRAGLISSTYPYLTYIFAGILIOESLPFIOVIGYLLYTFGAAAFSIEKIOOOIKASRSS
LONL--SAYRHLEIILSGFILGYFTLFYSYFNNIGYRKFGATRSATIGASYPYITAILAGITIIOETLKINOIAGILIYTFGAAALSLEQIRNRFKASSAYRPE
SLSLAVSTHKILELILTAFLLGHLTFCGYIFNSFGYRKLGYSHSSIIGANLPIITIFFAGITIIOESLOPLOIHGYLLIAFGSARISFENIYNNAIPSSNSS
SIIL--KSSGFLELYLGAFHLAYLTLGAHLLKSLGTHKLELKFYTLFRAFTPIFTHILAGLHIRENLDLPOIIGYINYTGGASYISHEKHHNRPKITHPOI
NIVL--KSSGFLELYLSAFHLAYLTLGAHLLKSLGTHKLGSHFYTLFRAFIPIFTYVYLAGLHIRENLDLPOHIGYILYTGGAARYISHEKHHNRP---SPKI
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Fig. S3. Continued.

The Sepl proteins aligned are from the following cyanobacteria: Anabaena sp. PCC 7120, Anabaena variabilis ATCC29413, Nostoc sp. PCC 7524, Nostoc punctiforme
PCC 73102, Tolypothrix sp. PCC 7601, Fremyella diplosiphon UTEX 481, Microchaete sp. PCC 7126, Calothrix sp. PCC 7507, Nostoc sp. PCC 7107, Nodularia
spumigena CCY9414, Hassallia byssoidea, Scytonema sp. PCC 9009, Nostoc (Anabaena) azollae, Anabaena cylindrica PCC 7122, Anabaena sp. PCC 7108,
Cylindrospermum stagnale PCC 7417, Aphanizomenon flos-aquae, Anabaena sp. 90, Fischerella muscicola PCC 73103, Fischerella sp. PCC 9431, Hapalosiphon sp. 1C-
52-3, Fischerella sp. PCC 9339, Fischerella sp. JSC-11, Fischerella sp. PCC 7414, Fischerella sp. PCC 9605, Chlorogloeopsis sp. PCC 6912, Chlorogloeopsis sp. PCC
7702, Mastigocladopsis sp. PCC 10914, Calothrix sp. PCC 7102, Calothrix sp. PCC 7103, Rivularia sp. PCC 7116, Calothrix sp. PCC 6303, Richelia intracellularis HHO1,

Raphidiopsis brookii sp. D9, Cylindrospermopsis sp. 509.



Table S1. Oligodeoxynucleotide primers used in this work.

Primer Sequence (5° 2> 3°)?

alr2338-10 TGAGCCAGAAGTCCAGAG

alr2338-25 CTGCAGAATCCTTTACAAGC

alr2338-29 GAATTCCAATGCAGAAGGTTA

alr2338-30 GAATTCATAATATTTCCCAAGGTC
alr2338-34 ACTAGTCCGGAACTTATCTGC

alr2338-37 ATCAGAATTCCCATTAGAGGAGACTAGC
alr2338-38 TACGAATTCATAGAGCGTTCTTATCTGC
alr2338-39 TGAAGCAATCACAGCCACAGAGATTTG
alr2338-40 TGGCTGTGATTGCTTCAGGTTTTGC
alr2338-41 ATCCTGACCGCCGTATGTGC

alr2338-42 ACATACGGCGGTCAGGATGAG
alr2338-43 TAAGTTACTGGCAATTGTGTTAAGTGC
alr2338-44 GCACTTAACACAATTGCCAGTAACTTAG
alr2338-45 GAAATTGTGTTAGCTGCTTTTATTTTGGG
alr2338-46 CAAAATAAAAGCAGCTAACACAATTTCCAG
alr2338-47 GGCTAAAGTCGCTCCAGTATCTTTGTC
alr2338-48 AAAGATACTGGAGCGACTTTAGCCGCAC
alr2338-49 ATTTTCTGTGCTGAGGTGCTAGTTTTTG
alr2338-50 TAGCACCTCAGCACAGAAAATAGCG
alr2338-51 CAAATATTCGCAGTTTTATTCGTCACTTTTG
alr2338-52 GAATAAAACTGCGAATATTTGGGCAATG
alr2338-53 ACCGGAGTGCGTATCGCCCTTTTC
alr2338-54 AAGGGCGATACGCACTCCGGTGGG
alr2338-55 TACGAATTCTTAGCCAATACCAAAAGC
alr2338-58 AGGATGAGGGCACAAGCAAAGG
alr2338-59 TGCTTGTGCCCTCATCCTGAC

alr2338-60 GCGGGCCAGGATGAGG

alr2338-61 ATCCTGGCCCGCGTATGTG

alr2338-62 GGGCGATCAGCGAACAGAAGCCAG
alr2338-63 TTCGCTGATCGCCCCGGTGTATTTC
alr2338-64 TGTGGTGCGGTGCTAGTTTTTG

alr2338-65 TAGCACCGCACCACAGAAAATAGC

2 Restriction sites are underlined, and sequences modified for site-specific mutagenesis
are shown in bold.



Table S2. Plasmids and oligonucleotides used for strain construction

Strain

CSFR11

CSFR12
CSFR13
CSFR14
CSFR15
CSFR16
CSFR19
CSFR20
CSFR21
CSFR22
CSFR25
CSFR26
CSFR27
CSFR28

Conjugated
plasmid

PCSFR53

PCSFR54
PCSFR55
PCSFR56
PCSFR57
PCSFR58
PCSFR59
PCSFR60
PCSFR61
PCSFR62
PCSFR65
PCSFR66
PCSFR67
PCSFR68

Primer “a”

alr2338-40
alr2338-42
alr2338-44
alr2338-46
alr2338-48
alr2338-50
alr2338-52
alr2338-54

alr2338-58
alr2338-60
alr2338-62
alr2338-64

Primer “b”

alr2338-39
alr2338-41
alr2338-43
alr2338-45
alr2338-47
alr2338-49
alr2338-51
alr2338-53
alr2338-55
alr2338-59
alr2338-61
alr3838-63
alr2338-65

SepJ version
expressed

wild type
A(L498-5507)
R617A
E663A
S667A
H624A
G579A
G724A
A542R
A(K739-G751)
Y612A
T616A
R562A
E580A
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