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Supplementary FIG. S 1: See previous page for the figure. The Bayesian inference tree of cyt b. The
phylogenetic tree of fig. 4 is represented in the midpoint-rooted, rectangular layout, showing all tip labels
and branching probabilities (in percentage). The representative lineages and Qo motifs are noted next to
each clade. Detailed descriptions of individual branches are described from supplementary table S3 to
table S10.
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Supplementary FIG. S 2: Multiple sequence alignment of all cyt b N-terminal proteins from COB_50,
with cyt b of S. cereviseae. The column containing the potential heme c¢; binding motif (CxGG) and
its upstream amino acid are highlighted according to their specific patterns. Cyt » from photosynthetic
organisms: green (supplementary table S 5); cyt b clustered PEWY-cyt ¢ and PDW Y-cyt ¢ clades: blue-
green (supplementary table S 6); Cyt b from Planctomycetes and Chloroflexi in the APWY clade: blue
(supplementary table S 7); others: brown (supplementary table S 7, S 5).
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Supplementary FIG. S 3: Multiple sequence alignment of Pyrobaculum cyt b homologs, with cyt b

of S. cereviseae. The column containing the conserved three axial ligands of heme b are highlighted

in blue, and the amino acids aligned to the fourth axial ligand of S. cereviseae are highlighted in pink.

The Qo motif is colored in brown. List of organisms: NP_559242: Pyrobaculum aerophilum str. IM2;
YP_001056794: Pyrobaculum calidifontis JCM 11548; YP_005260411: Pyrobaculum oguniense TET,
YP_005084460: Pyrobaculum sp. 1860; YP_004337861: Thermoproteus uzoniensis 768-20; NP_009315:

S. cerevisiae.
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YP 002512829 YYSVKDIVGVGVFLILFFAVVFFAPEAGGYFLKAANFVKSDPLVTPDFIPPVWYYGAFYT
YP_ 003461444 YYTVKDIVGVGVFLMVFAVIMFFFPMGGGLFLKPDNMIPADPLVTPELIPPVWYFTSMYS
YP_007217743 YYTVKDLVGVGVFFIAFFAVVFFAPEMGGLFLKPANMIPADPLVTPDLIPPVWYFTSFYS
YP 743042 YYTVKDLFGVGVFLIVFSVVVFFIPEVGGYFIKYDNFIPADPLTTPSHIPPVWYFAPHYA
ZP_08929533 YYTVKDLVGVGVFLIAFFAVVFFAPEMGGLFLKPANMIPADPLVTPDLIPPVWYFTSFYS
NP 230225 YGTVKDLIGVAGFLFLFCYVLFFNPEMGGYFLEPPNFEAANPLKTPEHIAPVWYFTPFYA
NP_253120 YYTVKDIVGVVVFLFIFCTVIFFFPEMGGYFLEKPNFEMANQFKTPEHIAPVWYFTPFYA
NP 275042 YYVVHDILAVTIFLIVFCAVMFFAPEGGGYFLEAPNFDAANALKTPPHIAPVWYFTPFYA
NP_298199 YYTLKEMVAVCVLLLLAAFVIFFAPEFGGLFLEYGNFVEANPLMTPEDMKPVWYFAPYYA
NP_521049 YYSVHDIVGVAVFLFLFSAILFFAPEMGGYFLEANNFIPADSLKTPPHIAPVWYFTPFYS
NP 637677 YYTVKDLVGVGFLLVIAAFIIFFAPAFGGLFLEHDNFTEANRLVTPEHIKPVWYYTPYYA
NP_009315 YFIFKDLVTVFLFMLILALFVFYSPNTLG---HPDNYIPGNPLVTPASIVPEWYLLPFYA

* a3, ¥ HEIN «3ks ¥ * * * % HE S *3

Supplementary FIG. S 4: Multiple sequence alignment of selected - and y-proteobacteria and S. cere-
visiae cyt b showing the Qo motif (highlighted in brown) and amino acids aligned to His253 of the yeast
enzyme (highlighted in blue). 342 out of 350 3-proteobacterial cyt b, and 590 out of 629 y-proteobacterial
cyt b employ Glu253 (supplementary table S 1). Interestingly, five alkaliphilic strains use a lysine
residue at the Glu253 equivalent position, which may facilitate proton transfer at high pH. List of or-
ganisms: YP_002512829: Thioalkalivibrio sulfidophilus HL-EbGr7; YP_003461444 : Thioalkalivibrio
sp. K90mix; YP_007217743: Thioalkalivibrio nitratireducens DSM 14787; YP_743042: Alkalilimni-
cola ehrlichii MLHE-1; ZP_08929533: Thioalkalivibrio thiocyanoxidans ARh 4; NP_230225: Vibrio
cholerae O1 biovar El Tor str. N16961; NP_253120: Pseudomonas aeruginosa PAO1; NP_275042: Neis-
seria meningitidis MC58; NP_298199: Xylella fastidiosa 9a5c; NP_521049: Ralstonia solanacearum
GMI1000; NP_637677: Xanthomonas campestris pv. campestris str. ATCC 33913; NP_009315: S. cere-

visiae.
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BLASTP 2.2.27+

Query= gi|121591043|ref|zP_01678359.1| ubiquinol--Cytochrome c reductase,
cytochrome B [Vibrio cholerae 2740-80]

Length=235

>ref|ZP_23822384.1| cytochrome b family protein [Vibrio cholerae 01 str. 116063]
Length=421

Score = 465 bits (1196), Expect = 5e-165, Method: Compositional matrix adjust.
Identities = 229/229 (100%), Positives = 229/229 (100%), Gaps = 0/229 (0%)

Query 1 MOALLDWVEKRLPAMNAYKKHLSEYPMPKNFNFWYLFGSLAMLVLVNQLLTGIWLTMNYV 60
MOALLDWVEKRLPAMNAYKKHLSEYPMPKNFNFWYLFGSLAMLVLVNQLLTGIWLTMNYV
Sbjct 1 MOALLDWVEKRLPAMNAYKKHLSEYPMPKNFNFWYLFGSLAMLVLVNQLLTGIWLTMNYV 60

Query 61 PSGEGAFASIEYIMRDVEYGWLLRYMHSTGASAFFVVVYLHMFRGLIYGSYQKPRELLWI 120
PSGEGAFASIEYIMRDVEYGWLLRYMHSTGASAFFVVVYLHMFRGLIYGSYQKPRELLWI
Sbjct 61 PSGEGAFASIEYIMRDVEYGWLLRYMHSTGASAFFVVVYLHMFRGLIYGSYQKPRELLWI 120

Query 121 FGMLIFLVLMAEAFMGYLLPWGQMSYWGAQVIISLFGAIPVIGDDLTLWIRGDYVISGAT 180
FGMLIFLVLMAEAFMGYLLPWGQMSYWGAQVIISLFGAIPVIGDDLTLWIRGDYVISGAT
Sbjct 121 FGMLIFLVLMAEAFMGYLLPWGOMSYWGAQVIISLFGAIPVIGDDLTLWIRGDYVISGAT 180

Query 181 LNRFFALHVIALPIVLLLLIVLHILALHEVGSNNPDGIETKLPKGSMGE 229
LNRFFALHVIALPIVLLLLIVLHILALHEVGSNNPDGIETKLPKGSMGE
Sbjct 181 LNRFFALHVIALPIVLLLLIVLHILALHEVGSNNPDGIETKLPKGSMGE 229

Query= gi|121591034 |ref|zP _01678350.1| ubiquinol--cytochrome c reductase,
cytochrome B [Vibrio cholerae 2740-80]

Length=147

>ref|ZP_21092526.1| cytochrome b family protein [Vibrio cholerae HC-78A1]
Length=421

Score = 299 bits (765), Expect = 2e-101, Method: Compositional matrix adjust.
Identities = 146/147 (99%), Positives = 147/147 (100%), Gaps = 0/147 (0%)

Query 1 MLFFNPEMGGYFLEPPNFEAANPLKTPEHIAPVWYFTPFYAILRAVPDKLLGVIAMGASI 60
+LFFNPEMGGYFLEPPNFEAANPLKTPEHIAPVWYFTPFYAILRAVPDKLLGVIAMGAST
Sbjct 275 VLFFNPEMGGYFLEPPNFEAANPLKTPEHIAPVWYFTPFYAILRAVPDKLLGVIAMGASI 334

Query 61 VVLFLLPWLDRCKVRSYRYRSKFHLFNIAQFTVSFIALGILGALPATPTYTLLAQIFSLC 120
VVLFLLPWLDRCKVRSYRYRSKFHLFNIAQFTVSFIALGILGALPATPTYTLLAQIFSLC
Sbjct 335 VVLFLLPWLDRCKVRSYRYRSKFHLFNIAQFTVSFIALGILGALPATPTYTLLAQIFSLC 394

Query 121 YFMFFVLLFFYSKNEATKPLPTRVTYK 147
YFMFFVLLFFYSKNEATKPLPTRVTYK
Sbjct 395 YFMFFVLLFFYSKNEATKPLPTRVTYK 421

Supplementary FIG. S 5: BLAST result of the sequence of the N-terminal region (ZP_01678359) and
C-terminal region of cyt b (ZP_01678350) of Vibrio cholerae 2740-80, showing the high identities to the

full-length homologs from other strains of the same species.



Geoda

I"700

89

89

47 Desti_P
1 Metox_P Supplementary FIG. S6
oo Anesp
94 L Desph )
Wadch The molecular evolution of the Qo
54 Lepfgi_rl]l’ac motif. Kao, WC and Hunte, C
13
94 100 Schpa_P
71 i Blama_P
s Solus_P
L PlaKS_P
Anasp
_|7o_| L Osctr
Desde
lab_P
> :82 75 Calab- Ignal
54 k Melro
53 I"T55 Despr
i Dessu
81 Ies Thema uco
Chlre H . H
o o Rieske: High
H .
— L e Horau Cyt b: PEWY
Opite
_WI & P Plama_D Table S I 5
Zunpr
100 = Acica
—I 96 L Gratu
100 Blama_D
Rubxy
e |
= Patsp
Pirst
100 100 Blama_E
100 Gemau
65 Schpa_E1
46 Isopa
82 95 Schpa_E2
94 Plama_E
77 Plepa
60 PlaKS_E
Tersa
4o —1= Chith_E2
Nitde_E1
% L — .
33 epfe_E .
o1 59 = vy Rieske: Low
Nitde_E2 .
rae- Ca|ab_E Cyt b- PEWY
Macca
o Hallo Table SI15
o) Paeel
09 e Bresp
88 Cloul
100 Dessp
Kyrtu
Desti_E
[ 83 Desha
59 Helmo
e | Desac
50 = Theye
Chiph
Metox_E
Chlth_E1
0.3

Rieske: Mid*, High
Cyt b: APWY
Table S13

Rieske: Mid*, High
Cyt b: GPWF
Table S13

Rieske: Low, Mid-
Cyt b: PDWY-cyt c
Table S14

Rieske: Low, Mid-,
Mid*,High
Cyt b: PEWY-cyt ¢
Table S15

Cyt b: PDWY, PEWY
Table S15

Cyt b: PEWY
Table S15



The molecular evolution of the Qo motif. Kao, WC and Hunte, C

Supplementary FIG. S 6: See previous page for the figure. The Bayesian inference tree of Rieske
iron-sulfur proteins. The phylogenetic tree in fig. 6 is represented in the midpoint-rooted, rectangular
layout, showing all tip labels and branching probabilities (in percentage). The predicted midpoint poten-
tial of Rieske ISP and the type of corresponding cyt b are annotated next to each clades. Low: 150 mV;
Mid~: around 200 mV; Mid": around 260 mV; High: above 260 mV. Detailed descriptions of individual
branches are found from supplementary table S13 to S15.
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