
ANT T 
G G A SGT S 
G G A SAT T 
G G A SAT T 
G G A SAT T 
G G A RGS IS 
G G A KGD IS 
G G A IPL RT 
G G A EGR G Y

EGR G Y

1 10 20 30 40 50 

G G A QP TLIAVASIV AGI VG I P LG AV AL L DA I RT...MDSM T TTG T A E R ST TS Q
QPNLI VVSIA A L V G I P L AV AM I DA V RT.....MN E A A A SF A A AE R GA DA R
QPT IAVASIA AGI I IG I P IG AV AL L DA I RTMALDTYI T T T G V A E R AT SS Q
QPTIIAVASII AGI G M P L AV AL L DA I RT...MDSM I TTGF T A AE K AT TS Q
QPTIIAVASII AGM I IG I P LG AV AL L DA I RT...MDSM T T G V S E K AT TS Q
QPTIVL SAV AGL A I L P IG AA AV V EA I TMDLLTAK GC G . M AG G E Y GK ES R
QPTVVLAASAV AG A I I P VG AA AV V EA I TMDMLLAK G T. M AG G Q Y GK ES R
QPNLM L M A V M L I IG L L A DL L QME..... ND LY A A M G AA AA I I GGKF EG R
QPAAAA LV MGL A AG A VG I MI V EA V K MD....... A G . A F AG I Y FGK EA R

Ca. N. alkalit. N-type c 
B. pseu. N-type c 
M. barkeri N-type c 
D. baculatum N-type c 
N. sp. Is79A3 N-type c 
F. nuc. nuc. V-type c 
I. polyt. V-type c 
E. coli F-type c 
N. def. F-type c 
Ca. N. alkalit. F-type c G G A QPAAA LL MGL A AG A IG I MI V EA V K MD.......S A G . A F AG I Y FGK EA R
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G G A QPG I P LG AV AL L DA I RTLFVG AMIES AIY VV MILIFANPF T A E R ST TS Q ANT T L T CF S WNHVLAQAAGK H+/Na+
G G A QPG I P L AV AM I DA V RTLFVG AMIET AIY VV LLLLFANPFA A AE R GA DA R SGT S L M CL A VK......... H+
G G A QPG I P IG AV AL L DA I RTLFVG AMIES AIY VV MILIFANPFV A E R AT SS Q SAT T L L CF S WNRALT ..... H+/Na+
G G A QPG M P L AV AL L DA I RTLFVG AMIES AIY VV MILIFANPFT A AE K AT TS Q SAT T L T CF S WNYAIAQMAGK H+/Na+
G G A QPG I P LG AV AL L DA I RTLFVG AMIES AIY VV MILLFANPFV S E K AT TS Q SAT T L T CF S WNQVITQAAGK H+/Na+
G G A QPL P IG AA AV V EA I TM LG AVAES IY VI LILLYANPFAG G E Y GK ES R RGS IS I Q TG SL A LSKLG...... Na+
G G A QPI P VG AA AV V EA I TM LG AVAES IY VI LILLYANPFAG G Q Y GK ES R KGD IS V Q TG SL A VGLLG...... Na+
G G A QPI IG L L A DL L Q FI LVD M L L VMFAAA AA I I GGKF EG R IPL RT F VMG AIP IAVG G Y VA............ H+
G G A QPG A VG I MI V EA V K MWIG ALVE ALY VI IIM LF AG I Y FGK EA R EGR G Y F AI GL AF G RK............ H+
G G A QPG A IG I MI V EA V K MWIG ALVE ALY VI IIMF AG I Y FGK EA R EGR G Y F AI GL AF GKG............. H+

HELIX C
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G G A QPTLIAVASIV AGI VG I P LG AV AL L DA I RT...MDSM T TTG T A E R ST TS Q ANT T 
G G A QPNLI VVSIA A L V G I P L AV AM I DA V RT.....MN E A A A SF A A AE R GA DA R SGT S 
G G A QPT IAVASIA AGI I IG I P IG AV AL L DA I RTMALDTYI T T T G V A E R AT SS Q SAT T 
G G A QPTIIAVASII AGI G M P L AV AL L DA I RT...MDSM I TTGF T A AE K AT TS Q SAT T 
G G A QPTIIAVASII AGM I IG I P LG AV AL L DA I RT...MDSM T T G V S E K AT TS Q SAT T 
G G A QPTIVL SAV AGL A I L P IG AA AV V EA I TMDLLTAK GC G . M AG G E Y GK ES R RGS IS 
G G A QPTVVLAASAV AG A I I P VG AA AV V EA I TMDMLLAK G T. M AG G Q Y GK ES R KGD IS 
G G A QPNLM L M A V M L I IG L L A DL L QME..... ND LY A A M G AA AA I I GGKF EG R IPL RT 
G G A QPAAAA LV MGL A AG A VG I MI V EA V K MD....... A G . A F AG I Y FGK EA R EGR G Y

Ca. N. alkalit. N-type c
B. pseu. N-type c
M. barkeri N-type c
D. baculatum N-type c
N. sp. Is79A3 N-type c
F. nuc. nuc. V-type c
I. polyt. V-type c
E. coli F-type c
N. def. F-type c
Ca. N. alkalit. F-type c G G A QPAAA LL MGL A AG A IG I MI V EA V K MD.......S A G . A F AG I Y FGK EA R EGR G Y
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Figure S10 Amino acid alignment of selected c subunits of N-, F-, and V-type ATPases including the N-and F-type c 
subunits identified in “Ca. Nitrospira alkalitolerans”. The type of ATPase and the transported cations are indicated at 
the beginning and end of each sequence, respectively. ATPases that have not yet been specifically characterized with 
respect to cations transported are tagged with H+/Na+. The glutamic acid and glutamine residues in the N-terminal 
helix putatively serving as Na+ ligands and the typical ESTxxY Na+-binding motif in the C-terminal helix are highlighted 
in orange. Conserved regions are highlighted in grey. Included species are: “Ca. Nitrospira alkalitolerans” (numbering), 
Burkholderia pseudomallei 668, Methanosarcina barkeri Fusaro, Desulfomicrobium baculatum DSM 4028,
Nitrosomonas sp. Is79A3, Fusobacterium nucleatum subsp. nucleatum ATCC 25586, Ilyobacter polytropus DSM 2926, 
Escherichia coli 042, and Nitrospira defluvii.


