
Supplemental FIGURE. 1. Deduced amino acid sequence of Synechocystis NhaS3 
compared to other Na+/H+ antiporters from Synechocystis, E. coli and Gloeobacter 
violaceus. NhaS3 contains a domain in its N-terminal region 
(GGLAPEDSLVIQLLMGSADLSPEAAQSVFSAQSE, see box), which is not found in the 
homologous Na+/H+ antiporter of the cyanobacterium Gloeobacter violaceus that lacks a 
thylakoid membrane. 



NhaS3      1 MFMNPLLPP---LWPMIATAVETETEIAPLVLAGVLLSLVVIYFASKLGGEVCLRLNLPPVLGELVGGVLVGVSALKLLLFPEGGLAPEDSLVIQLLMGSADLSPEAAQSVFSAQSEVIS

NhaS1      1 -----------------MDTAVNESLSISYNLEQFLIVLSVSLSIATLSKTVPILRKIPYTLLLVIVGMALAFVDVKLINLS------------------------------------PE

NhaS2      1 ---MIKLPVLLADINIQSLPTEPELILNNLAITTLVENLIILLLVATLVALVARWLKIPYVIGLVLAGLAIPRGLSVGLN--------------------------------------PE

NhaS4      1 --------------------------MDTNTLLLILANIIVIIGLARLIGLLFARFQQPPVIGEIIAGIMLGPSLLGLLSPALEKSFFP-----------------------ATTQPFLY

NhaS5      1 -----------------------MDGLFAPIPSNPLIDFTILLLVTLILPPIFERLKLPGLVGLLFAGIVLGKSGLGVLNEDSE---------------------------------SIK

sll0556    1 ----------------------------MEGSFSLTLQIILTVLFGIGAQVLAGFLKLPSIVFLLIFGVILGNSGLHWIQPANFG-------------------------------DGLE

NhaA       1 ----------------MKHLHRFFSSDASGGIILIIAAILAMIMANSGATSGWYHDFLETPVQLRVGSLEINKNMLLWIN---------------------------------------D

NhaB       1 -------MEISWGRALWRNFLGQSPDWYKLALIIFLIVNPLIFLISPFVAGWLLVAEFIFTLAMALKCYPLLPGGLLAIEAVFIGMTSAEHVR-----------------------EEVA

ChaA       1 --------------MSNAQEAVKTRHKETSLIFPVLALVVLFLWGSSQTLPVVIAINLLALIGILSSAFSVVRHADVLAHRLG----------------------------------EPY

Glr0514    1 MSTGATQRSYAMFYPLIAASAPGALPEGLLSLGQLLASLIVIYVASKLGGELALRLRQPAVLGELVAGLAVGISGLKLIDPTQP---------------------------------VLL

GGLAPEDSLVIQLLMGSADLSPEAAQSVFSAQSE

 

NhaS3    118 VISELGVIILLFEIGLESNLKELIRVGPQAA--IVAVVGVVTPFSLGTIGLMTIFGVAAIP--------AIFAGAALTATSIGITAKVLAEINRLSSNEGQIIIGAAVLDDILGIIVLAV

NhaS1     68 LIMEIFLPPLLFEAAWNLQWRNLKENWFPIT--LFATLGVVICVVGIAFPLSYWGGMELAI--------AFLAAAALSATDPVSVIALFKELGASKK-LNTLMEGESLFNDGVAVVVFLI

NhaS2     80 LILNFFLPILIFEAAINTDISRLRSTIKPIT--VLAGPGVVISAAITAVLLKIGLGLAWVT--------AAGVSVILTITDTVSVIAAFRSVPVPRR-LATIVEGESMLNDGVAMVLLSV

NhaS4     72 LLSEIGLIFYMFLVGLELNPQYLRQKLKVAI--LTSNVSIFFPFVLGIVLSFFVLYSLNQPNKTSFIPFALFIGAAMSITAFPVLARILKDTGLDKTPLGTLGLTCASVDDISAWCLLAI

NhaS5     65 LFTDIGKIYLMFVAGLEIDMVDFRRTRNRSL--LYGSLTFAVPLLTGLAVGLTFGYSFNAS---------VLLGSLFASHTL-LGYPIVQRLGIVRNQAVMVTIGATIFTDIAALLVLAI

sll0556   62 VIVSLSVAIILFEGGLNLGLRELGQVSGSLR--NLVTIGTLITLVGGGLAAHWLAEFPWYL--------AFLYGSLVVVTGPTVVGPLIKQVQVQKSVATLLEGEGVLIDPVGAILAVVV

NhaA      66 ALMAVFFLLVGLEVKRELMQGSLASLRQAAFP-VIAAIGGMIVPALLYLAFNYADPITREG--------WAIPAATDIAFALGVLALLGSRVPLALK---IFLMALAIIDDLGAIIIIAL

NhaB      91 ANLEVLLLLMFMVAGIYFMKQLLLFIFTRLLLSIRSKMLLSLSFCVAAAFLSAFLDALTVV--------AVVISVAVGFYGIYHRVASSRTEDTDLQDDSHIDKHYKVVLEQFRGFLRSL

ChaA      73 GSLILSLSVVILEVSLISALMATGDAAPTLMRDTLYSIIMIVTGGLVGFSLLLGGRKFATQY-------MNLFGIKQYLIALFPLAIIVLVFPMALP-AANFSTGQALLVALISAAMYGV

Glr0514   88 LLAQVGVTLLLFEIGLESDLRGLLKLGPQAV--AVAAVGMAVPFALG-YGVMKFAGAGELL--------AIFVGASSTATSIGISAKVLSDLGYLKRTEGQIILGAAVLDDILGVIILSV

 

NhaS3    228 VGSLVKTGEIQISN-IIYLILSATGFVVGS-ILIGRLLSPFYVS-LVNRMKTRGQLLLVSICVAFVLSYIAQIVQLEAILGSFAAGLILAETE---KREDLEEQILPLADFFV-----PV

NhaS1    177 LVGIPLGTSTFDLSVTLARFVTVIGIGVGCGLVIGFSLSLLTQR-----FDLPFVEQSLTLVSAYGAYILAENLGGSGVIGVVVVGMVLGNYGSRIGMNPRTRLIVSIFWEFVAFFVNSI

NhaS2    189 ITTIHIQGGFSAGEGIRQIFVAFVGGGLVG-LGLGYLCVGLFRQ-----LNDDLSDILLTVSVSLGTFQIGQMLGVSSAIAVVVAGLVIGNLAL-KQTSASIKVTLLSFWEYAGFGVNTL

NhaS4    190 AIAVTRTDNIFG---AFPTLLGIIVYTVFM-VTLGRKFFKYILRNYGQKNYLSQGLLTFIYIMVILSAMLTEWIGIDVIFGGFILGAILPKNTN-LSTELATKTEDFVSTFLL-----PI

NhaS5    173 CISIHSGSFSPAGL-VVQLVAIAVYSALVL-IGFDWAGREYFRR----TGDEQSNQFLFVLLAVFLASVGSELINVDKIVGAFLAGLAVNDVLG--NSPVKEKVEFLGTTLFI-----PF

sll0556  172 LETIFNTNVSVETDIIEIAMGLILRLGVGLAIGVGGGWLLSNFLKRASFLSEDVSNLVVLAGVWGVFGAAQASLSESGLMATVAMGIYLNSSALPDNRLLRRFKGKLTLLCVS------V

NhaA     174 FYTNDLSMASLGVAAVAIAVLAVLNLCGAR---------------------RTGVYILVGVVLWTAVLKSGVHATLAGVIVGFFIPLKEKHGRSPAKRLEHVLHPWVAYLILP-----LF

NhaB     203 MMHAGVGTALGGVMTMVGEPQNLIIAKAAG-----WHFGDFFLR-----MSPVTVPVLICGLLTCLLVEKLRWFGYGETLPEKVREVLQQFDDQSRHQRTRQDKIRLIVQAIIG------

ChaA     185 FLLIQTKTHQSLFVYEHEDDSDDDDPHHGK-----------------------PSAHSSLWHAIWLIIHLIAVIAVTKMNASSLETLLDSMNAP------VAFTGFLVALLILS------

Glr0514  197 VAGIAQGGSLELGE-VARIVFSSLGFLVGA-IVIGNRFMPVFLG-IVRRLRTRGELLTASLVFAFALAYLAELLGSAAIIGAFAAGLVLAETD---KRHDLEAQLRPVTDFFL-----PI

 

NhaS3    337 FFVCVGAKTDVSVLNPAVPANREGLIIAAFLILVAIVGK-----VVTGFTLFGKSELNKLAIGVGMIPRGEVGLVFAGVGAASG------ALDPATDAAIIVMVIVTTFVAPPWLRAVFE

NhaS1    292 IFLLIGDQIGLSSLSDHLNLILIAIAAVVVTRLVSVFGLSLISNKVSDQISSTHITLQEQTVLWWGGLRGSVAIAVALSVPQAIAER--QAIIDIVFGVVLFTLLVQGLTTQFVLKGLDL

NhaS2 302 IFLLVGIEVYPSILLSTIPAALIAIVAYQIGRVFSIYPL-----LYLLSFFDRPLPLRWQHVLIAGNVKGSLSMALALALPLTLP--GRDQVVTLVFSTVMVSLIGQGLSLPWVVKKLQLNhaS2    302 IFLLVGIEVYPSILLSTIPAALIAIVAYQIGRVFSIYPL LYLLSFFDRPLPLRWQHVLIAGNVKGSLSMALALALPLTLP GRDQVVTLVFSTVMVSLIGQGLSLPWVVKKLQL

NhaS4    300 FFAYSGLSTDLGLLNKPYLWAVCALVVAAAIAGKYCG-------VYVTTRALGVEKQEAKALGWLMNTRGLTELIILNVGLKLG------VISPVIFTMFVIMAIITTIITSPLVVKIYP

NhaS5    280 FFIGIGLLLDLPAFLVTLTTLFPLVVAIVVGLILSKGVA-----AILAQWKLGYTWVEGLTMWSLSIPQVAATLAAAVAGYQAVNAAGDRLVSETVLNTIIVLMLITSIVGPLMTAKFAP

sll0556  286 LFILLAAELSLSSFGALGWGSVLTVAVLMLVIRPISIAI-----CTWTSAFNWRQKLFVAWIAPRGIVSASVASLFSLLLTERGINGG-DAIKSIVFLTIMMTVFIQGLTAKPLAKLLRI

NhaA     268 AFANAGVSLQGVTLDGLTSILPLGIIAGLLIGKPLGISLFCWLALRLKLAHLPEGTTYQQIMVVGILCGIGFTMSIFIASLAFG------SVDPELINWAKLGILVGSISSAVIGYSWLR

NhaB     307 VWLVTALALHLAEVGLIGLSVIILATSLTGVTDEHAIGK-----AFTESLPFTALLTVFFSVVAVIIDQQLFSPIIQFVLQASEH--------AQLSLFYIFNGLLSSISDNVFVGTIYI

ChaA     270 ---PEGLGALKAVLNNQVQRAMNLFFGSVLATISLTVP-------VVTLIAFMTGNELQFALGAPEMVVMVASLVLCHISFSTG--------RTNVLNGAAHLALFAAYLMTIFA-----

Glr0514  306 FFITVGAGVNLALLG-----NQQALLLAGGLSVTAVLGK-----LVCGWAAFG-VKANKLAIGAGMVPRGEVGLVFASVGLASG------VLTGVNHTAVVIMVILTTFFGPLLLGLLLR

 

NhaS3    446 GAKKEEAPEKPVPTPD------------------------------------------------------------------------------------------------------- 

NhaS1    410 IGDQPQRLEYAELVSRQIALRRVLA----------------------------------------ELEKTDEFPDINPERLRYKQELVQGQLQSVTDKLKLLLQEYPLLQEVANKKFDQT

NhaS2    415 SKPSPLAQKIAMLQLNLVTAKAAQG-------------------ELKYLLEAG--------------SLPKFLYEELFADYQARIANSEQELREFYNQRNLIFSEGEVEKKYI-DGLYRR

NhaS4    407 ------APAH------------------------------------------------------------------------------------------------------------- 

Nh S5 395 KIPIPNTLSSLTEDLDDPEENGAVTLIPPKASTFTVLVPTQNPQTLSYLLEMGALIARHESGVVIPLAIAKAPVHMDDPGLTSRLARNELLLQQATELATNLKVDAHPALRID DDVARANhaS5    395 KIPIPNTLSSLTEDLDDPEENGAVTLIPPKASTFTVLVPTQNPQTLSYLLEMGALIARHESGVVIPLAIAKAPVHMDDPGLTSRLARNELLLQQATELATNLKVDAHPALRID-DDVARA

sll0556  400 TDTHTTGAVIIGCTPLGRLVARLFTAQGESVVLIDSDPEACATAIAEGLTAIQTSALDSHALEKAGIEEMGAFMALTNNGEVNLVLAQNTINEFNPPRVCVIAPDNLPEDNPLLKNKGVR

NhaA     382 VRLRPSV---------------------------------------------------------------------------------------------------------------- 

NhaB     414 NEAKAAMESGAITLKQYELLAVAIN-------------------------------------------------------TGTNLPSVATPNGQAAFLFLLTSALAPLIRLSYGRMVWMA

ChaA         ----------------------------------------------------------------------------------------------------------------------- 

Glr0514  409 ---REPVALTAGSS--------------------------------------------------------------------------------------------------------- 

 
NhaS3        ------------------------------------------------------------------------------------------------------------------------

NhaS1    490 VLDIEAETYADLIRMGRLEENIMPLLVTLEGENVAEPS----------------------------------------------------------------------------------

NhaS2    501 LYIAEKSAINDALAKGILADDISDEYLQVLNEKLLALQDD--------------------------------------------------------------------------------

NhaS4        ------------------------------------------------------------------------------------------------------------------------

NhaS5    514 ISHTAREKNADLIIMGWSQQTLGLRAKLFGSTIDSVFWSAHCPVAVMRLLSDPRSFHRILFPIKNLTPQTLELFQFTQRLAETNGAIVTLLHVCPHNTSPQQVQAFKTEMERFLNQCRAT

sll0556  520 IFMEQKTFKTWNQYLKDGQIKLGKTLFKETGLALQQAHTQALIRSGELLPLMLKRQGSLQLAKTTENAQIGDEVFYLLHDPRPQLLKQLSGSRSPDVLIPEPLAEVEEVPIY--------

NhaA         ------------------------------------------------------------------------------------------------------------------------

NhaB     479 LPYTLVLTLVGLLCVEFTLAPVTEWFMQMGWIATL-------------------------------------------------------------------------------------

ChaA         ------------------------------------------------------------------------------------------------------------------------

Glr0514      ------------------------------------------------------------------------------------------------------------------------

 

NhaS3        ----------------------------------------------------------------- 

NhaS1        ----------------------------------------------------------------- 

NhaS2        ----------------------------------------------------------------- 

NhaS4        ----------------------------------------------------------------- 

NhaS5    634 ADYPIKVICHDDAAKVLVRVSHTFDLVVLRSFRRRSVGGVALGEVTDKILREITSSFVLFGDPYA 

sll0556      ----------------------------------------------------------------- 

NhaA         ----------------------------------------------------------------- 

NhaB -----------------------------------------------------------------NhaB         

ChaA         ----------------------------------------------------------------- 

Glr0514      ----------------------------------------------------------------- 

Fig. S1. Deduced amino acid sequence of Synechocystis NhaS3 compared to other Na+/H+ antiporters 
from Synechocystis, E. coli and Gloeobacter violaceus. Multiple alignment of the amino acid sequences 
of NhaS3, NhaS1, NhaS2, NhaS4, NhaS5 and sll0556 from Synechocystis PCC 6803, NhaA, NhaB and 
ChaA from E. coli, and glr0514 from Gloeobacter violaceus.




