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Figure S1. Confirmation of transgenic arabidopsis plants. (A) Diagram of the transgenic vector.
(B) Genomic PCR analysis of transgenic lines. (C) Quantitative real-time PCR. Data are means

* SDs (n = 3), p < 0.05. Significant differences are indicated by different letters above the bar.
(D) Histochemical GUS staining of transgenic lines.
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Figure S2. The chlorophyll a (Chla) and chlorophyll b (Chlb) contents in MnNHX6 transgenic
Arabidopsis and WT plants under NaCl-stress conditions. Data are means + SDs (n = 6), *P <
0.05.
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Figure S3. Growth of the strains on the YPD supplemented with or without hygromycin B. The
MnNHX6 open-reading frames were cloned into the plasmid pYPGE15 and the plasmid
pYPGE15-EGFP without the stop codon. These constructs were introduced into the yeast
mutant strain AXT3. The AXT3 (empty pYPGE15) and EGFP (pYPGE15-EGFP) were used as
negative controls. 4 uL of 10-fold serial dilutions of these strains from saturated cultures were
spotted onto the YPD plates with or without hygromycin B (25ug/mL).
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ATNHX1 . .MLDSTVSK. . TPST.STSDHASVVATLNLFVATIECACT TGTEVTTLLTSKGKSS . HLLVgSEDT. T v |AMdua 98
ALNHX2 MTMFASLTSK MLSVSTSDHASVMSLNLFVALCACT) ILGT@VVILLISRGKNS . HLLVFSEDLIS3T VM=l 100
ALNHX3 . JMSIGLTEF . NKLAAEHBOVEPLISVFIAIRCLCL) A ASE TV I LLISKGKSS . HILVIEDEE LSS Y NS NNN 98
AtNHXA ... .MVIGLSTMLEK TEALFASDHASVUSMNLFVALIBCACT SCTRTVILLISGGKSS . RTLY| 101
MdANHX1 ...MAVPHLSMLISK. . LONLSTSDHSSVMSMNLFVALMLACT ICT@VVILLISRCKSS . HLLV]| 102
AENIX5 .« JMEEVMLSEVEND. . POGQVKQOOAAGVG L LLO IMMIBVLS | ILIV[EILANISDTETSIRTWEN| 105
ALNHXE . . .MSSELQISPATHD. . POGOEKQQOAAGNGILLO IMMIBVL S F] L TVEGLANISNTETSIRTWEN] 106
MnNHX6 .MAVEDAQLMGLRISPSDSNGSSIPTPTPGKEQQOAAGVGILLOIMMIRVLSF) ILIVBCLANISNTENSIRSWEN| 117
LeNHX2 cees... MEDHLQISPAG...... AKAIPGKEQQAAGYGILLQIMMIBVLSE] L 1VEGLANVSDTETSIRAWEN| 105
PeNHX6 -MSTVVEELLOMOISPAGGGGGRDSOSHPGKEQOAAGVGILLOIMMEVL SE LIVEALANISNTETSIRAWEN] 117

RENHX1 KK TRGAVET T TSCTTTSTGVTOFFKKT DTGTEDL.GD VR TRAT FA AR HCTllovTNGD SVVIFNATQS FDLTHL.NHFAAFHL TGN Y 211
ALNHX2 K] L@IVVSCTIISLGALQEFKKLDIGTEDLGDBALEA T A AINRS MC 1OV LNQD . SVVLFNALQSFDLTHLNUEAAFQL LGNIEY 219
AENHX3  KK| SEGVIEVFTS TVITSFGTWHLFPKL.GFKGLSARD YA TET TFS SWETHCTIIOTTLHOD . SVVEFNAVQKTQFESLTGWTALQVFGNRLY 217
AtNHX4  KK| TRGATETLTSFVITSFGAKATFEKMNTGDETTADYATEATFS| OvVINGD SVVLFNATQRFDLTNTNSATALEFAGNGFY 220
MANHX1 K| LBGATBILYSCTIISLGATQFFKKLDIGTUELGD AT @A A VVLENATIQSFDLTHLDSS IALHF LGN@EY 221
AENHX5 Q) TRATTRTFVASVVTGGT VY LGGSMY IMYKLPFVECMFEAL.TS ATSLYRTMSLUNRQSSSGEHFFMVVTRRFE 225
RENHX6 QP TRSVI.ETFVASMVTGLL.VYLGGVMFLMYRLPFVECEMFEST TS ATSLYRTMSLVRSHSS . GONFFMVTVRELE 225
MONHX6  PP| TRATLETFIASTVTGVLVYLGGLVFLMYKLPFVECHMFBAL LS| ATSLYRTMSMVKSHLSSGENFFMVIVRELE 237
TeNHX2 ST TTRATTETFTASFVTGTT.VYLGGYTY IMYRLPFVECEMFEAT.TS ATSLYRTMSTL.VRSHMSTDQNYFMTTTRRVE 225
PeNHX6 5P| TRALTLEAFTASVVTGVLVYLGGLTYLTYRLPFVECIMFGAL TS| ATSLYRTMSSLKSHAP . GONFEMVTFRGLE 236
TMS of AtNHX
k MdNHX1 Ser275
2eNEX1  LELIETLIBRATELISAYVIMKLYFGRESTD. I T FosGRL TvERCE VTS it EQuTESBR I TTKHT[ATL i ALDIDKWRSVSDTPG 336
AtNHX2  LALLETGLEVATELISAYVIEKLYFGRISTD. I L AMSGRL v ECE VTS v T ESER 1 TTKHAGATL LLEVEMEA LD EKWREVSDSEG 338
AtNHX3  L@STRTLI@IGVGLITSFVLETLYFGRHSTT. o T FSSGHT TV FCEVIE: RTTSREVAML TRTMVETEATDFTKWKTSSTSFG 336
BLNHX4  LETLETAL GLLSAFVIRKLYIGRHSTD. L L FHIES SHLTVFRCETVIES KVTTKHT[gARM T30 ALDIEKWDVVRNSPG 339
MaNix1  LErABTMLEVIAGLLSAY L LKLY FARISTD. LS8 1 NG 1y s Gl v B vilis RV T TKHAGATL LV EMBA LD L EKWRE PG 340
AENHX5 ) i GVGFTSALLFYAGLDTENLQN " GVGISGHYS TTRTETVIEK: FVSSFHLT TRTHVEFETAMEQHS . . . ... .1 338
BLNHX6  TEVGEM GVGFTSALLFYAGLDYVDNLON. [ GLSWSGHY S TLRTEIVIlK: REVSAFEHLI] MME [N ANEKHS . W 338
MoNHXE  T[VGEMSABVGVARISALLFEYAGLDI DNLON i GLSWSGHYS 1L TErVillk: ORFVSAF[HL] VI Ve ANEQHS . W 350
TeNHX2  TRMGHT. GVGFVSALLFIEYAGL.DTDNLON F (GL.GESGEVS TTRT K REVSAFRHLI] THVEFETAVEKES . . . ... .1 338
PeNHx6  TJVCELSABVGVEFISALLFRYAGLDI DNLON 1] GLGITGIYS 1L TE VBl T Y SHLSENGORFVSAFGHLY Vg B AMEOHS . . .. ... W 349
AtNHX1 5| AVNKFTRAGHTDVRGNATMI@SET TVCLFSTVVFEVIMKPLTSY@LPHONATTS . 451
AENHX2 IS N K FTRSGHTELRGNATMI WS T TVCLESTMVE @MWK PLTRYMUPHQKATTS TTS 456
AENHX3 T FKQFTYSGUTT.DPYNAAMYINET TVIT FTTT.VFEFT UK PT.VNY T PODASHNTGNR 456
BENHX4 [YNOFTTSGHTKVLGNATMIWSHT TVVLFSTVVEELLINK PLVKHIBOPSSKOSSTT . 455
MANEX1 5| Y NOF TRSGHTQTRANATMT ST TVVL.YSTVVFET MK PLTRFIL PHS SKQTTS 456
AtNHXS5 AT, OST.HDT,PEGHG . . . QT TFAMTT TVVVTVLLT GKMLEAWEVVGDDL.DD . 149
BLNHX6 LOSVHDLPEGHG . . . QT TFANTATVVLTVLLI@CSINGTMLEABEVVGDSHDT . 449
MnNHX 6 B1.0SVEDT.PEGHG . . . QT TFANTATVVTTVIL.T EGSWGTMLEAMOVVGDGRDGPTP 463
TeNHX2 . L,OSVHDLPEGHG . . . QT TFANTATVVLTVLIT TMLEAWEVVGDGQSG . . S 149
PeNHX6 LVRERP. . . INBNLOSVHDLPEGHG . . . QT IFMANTATVVLTVLLIGGSHGTVLEARBOVVGDDHDG . . P 460
ALNHX1  MLSDD.NTPKS.IHIPLLD...QDSFIEPSGNHNVPRPDSIRGFETRPTR. . TVHY YWRQEEDS FMRBVBGGRGEVPFVPGSPTERNPPDLSKA . 538
AtNHX2  MLSDD.STPKS.IHIPLLDGEQLDSFELEGSHQDVPRPNSLRGFEMRPTR. . TVHY YWRQFMDAFMREVEGGRGEVEFVPGSPTERSSHDLSKP. .. v\t 546
BENHX3  GKRTEPGSPKEDATLPLLS...... FDESASTNFNRAKDSTSLLMEQPVY . . TTHRYWRKFEDTYMRETRGG . . . . ... ... PRRENQPEC. .« .vvuvnenns 529
ALNHX4 . .ALQITLRSS.FHDPILHEPLLSTOGQ..SEYDPEQHVSFRMFWKSPSR. . ATHHYWRKEENAVMRR IBGGRGVSPVVPGSPIENSVPQWSEEVENKEQNGEP . 552
MANHX1 ~ MLSSEPTTPKS.1I1PLLG...QDSVDD.LVIQDIRRPASIRDLETTPFNRUTVIRYWRKEENAFMREVEGGRGEVEFVEGSETERNNNVOWO .« o v v v v e st 544
NENHX5 — MSEGFEESDHQYVEFE.......FSIGASSDEDTSSSGSRFKMKLKEFHK. ..TTTSETALEKNFLTEFRTTNSGDGDGDG . . E. o\ttt eraraeaennnns 521
BLNHX6  LGDGFEVVNSRYMT.............. SYDDEDTPPGSGFRTKLREFHK . . . SAASFTELBRNYLTPFRTSNNGDYDDEGNMEQHHEERT PFTRRGNLNNRG . . 535
MONHX6  LGDNFE.GNNGYLAPSTONYEGNHGYHAPPYDEEPSSGSRIKMKLKEFHK. . . "SALERNYLTEF@TSONGD . DVDGDDEPYVPMPSSRRSYRG. . . .. . 555
LeNHX2  MDETFE.GNNGYIAPS.........YSDESYDGEPSSGNRFRMKLKEFHK. ..STTSFSALBKNYLTEFETTQGGD.EDE . . DEPIMHSSRRAGYDGH 531
PeNHX6  LSESLD.GNNGYVAPS... .. . YNEDATSGNRLKMKLKEFHK . . . STASETALGRNYLTBFTSONGD . DEE . . . EHGKIDYCONVA. . . 533

Figure S4. The alignment of the amino acid sequences of plant vacuolar-type NHX and
endosomal-type NHX. The TM8 segment of AINHX1 is marked with red box, which had been
to determine by experiment [1]. The Ser275 (MdNHX1) [2] and Ser292 (MnNHXG6) are marked
with red asterisk.

Figure S5. Comparison of the transmembrane domains in 3-D models of MnNHX6 (Wild-type,
brown) and R402C (mutant, blue), the TM segments are marked with the black Roman
numerals.



Table S1. Site-directed mutagenesis of all the highly conserved charged residues in the model
of MnNHX6 were shown, including the conserved negatively charged residues Glu66, Glu98,
Glu99, Asp176, Glu186, Asp190, Glu200, Asp205, Glu271, Glu287, Glu332, Asp342, Glu346, the
conserved positively charged residues Lys120, Lys258, Arg367, Arg402, and the conserved
structure-related residues Pro107, Pro107 and Ser292.

MnNHX6  Location Conservation
score
E66Q T™M2 8
E98Q TM3 6
E99Q TM3 6
D176N T™5 9
E186Q TM5-TM6 7
D190N TM5-TM6 8
E200Q TM6 9
D205N TM6 9
E271Q TM7-TM8 9
E287Q TMS8-TM9 8
E332Q TM10 9
D342N 1%1;/1/[11(; 7
E346Q ?&112 6
K120C TM3-TM4 5
K258C TM7-TM8 9
R367C T™M11 9
R402C TM12 9
P107C T™3 9
P108C T™3 9
$292C
zZiE TMS-TM9 9
Table S2. Primers used in this work.

Primer Sequence Use
MnNHX6-F1 ATGGCGGTTGAGGACG Cloning of MnNHX6
MnNHX6-R1 CTAACCGCGGTAACTCCTTCTAGAA ( xgiofu:ste}:;f%éﬁ(;n

E66Q F TTCTATTATCTTCCACAGGCCAGTGCTTCC

E66Q R CTGTGGAAGATAATAGAATTTGTGACGGCG

E98QF TGGTTCAATTTTCACCAGGAGTTTTTCTTC

E98Q R CTGGTGAAAATTGAACCATGATCTGATGCT




E99QF

TTCAATTTTCACGAGCAGTTTTTCTTCCTG

E99Q R CTGCTCGTGAAAATTGAACCATGATCTGAT
D176N F CTTATATCAGCGACTAATCCGGTCACTGTTTTG
D176N R ATTAGTCGCTGATATAAGAGCACCAAACATTAG
E186Q F TTGTCTATATTTCAGCAACTCGGCACGGAT
E186Q R TTGCTGAAATATAGACAAAACAGTGACCGG
D190N F CAGGAACTCGGCACGAATATGAACCTATAT
D190N R ATTCGTGCCGAGTTCCTGAAATATAGACAA
E200Q F GCCTTGGTTTTTGGGCAATCCGTCTTGAAT Point mutations of the
E200Q R TTGCCCAAAAACCAAGGCATATAGGTTCAT conserved negatively
D205N F GAATCCGTCTTGAATAATGCTATGGCAATT charged residues of
D205N R ATTATTCAAGACGGATTCCCCAAAAACCAA MnNHX6
E271QF AACCTGCAGAACTTGCAGTGTTGTCTATTT
E271Q R CTGCAAGTTCTGCAGGTTGTCAATGTCTAA
E287Q F TCGTACATGCTTGCACAAGGTCTTAGCCTC
E287Q R TTGTGCAAGCATGTACGAGAAATATGGAAA
E332Q F ATATCATCACTCGCACAGACATTTGTTTTT
E332Q R CTGTGCGAGTGATGATATCAAATGAAAAAA
D342N F ATATACATGGGCTTCAATATCGCCATGGAA
D342N R ATTGAAGCCCATGTATATAAAAACAAATGT
E346Q F TTCGATATCGCCATGCAACAGCATAGCTGG
E346Q R TTGCATGGCGATATCGAAGCCCATGTATAT
K120C F TTCAGTCTTCCACCTTGTCCTTTCTTCTCA
K120C R ACAAGGTGGAAGACTGAATCCTGACTGAAA
K258C F TCTGCTTTGCTTTTTTGCTATGCAGGGTTA
K258C R GCAAAAAAGCAAAGCAGAAATAAATGCAAC Point mutations of the
R367C F TTTATCATAGTTGCATGTGCAGCAAATGTC .
conserved positively
R367C R ACATGCAACTATGATAAATATAATTGAGAA charged residues of
R402C F TGGTACAGTGGACTCTGTGGGGCTATGGCT MnNEX6
R402C R ACAGAGTCCACTGTACCAAAGGGCTTTCTG
P107C-F TTCCTGTTTCTCTTATGTCCAATCATATTT
P107C-R ACATAAGAGAAACAGGAAGAAAAACTCCTC
P108C-F CTGTTTCTCTTACCTTGTATCATATTTCAG
P108C-R ACAAGGTAAGAGAAACAGGAAGAAAAACTC
$292C-F GAAGGTCTTAGCCTCTGTGGTATTGTGTCA
$292C-R ACAGAGGCTAAGACCTTCTGCAAGCATGTA Point mutations of the
S292D-F GAAGGTCTTAGCCTCGATGGTATTGTGTCA conserved structure-
S292D-R ATCGAGGCTAAGACCTTCTGCAAGCATGTA related residues of
S292K-F GAAGGTCTTAGCCTCAAAGGTATTGTGTCA MnNHX6
S292K-R TTTGAGGCTAAGACCTTCTGCAAGCATGTA
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