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Supplementary Fig. S1
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>D. vulgaris Miyazaki F
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>D. alaskensis G20
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Supplementary Fig. S1
>D. piger
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> B. wadsworthia 3-1-6
GACCCGTGActgggttgtgccgtgcacgtgctgcacgccgaatccggcaaggttgeccgtcatca
atatggattaa
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>D. baculatum
GACCCGTIGActgggctgtgccgtgcacgtgectgcacgctgagaccggtgaagaacacgttgtca
acattgactaa
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Supplementary Fig. S1
>D. salexigens
GACCCGTGActgggttgtgccgtgcacgtgctgcacgcagagaccggtgaagaacatgttgtte
acgtaggcgaaggttgctaa
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>D. africanus Walvis Bay
GATCCGTGActgggttgcgccgtgcacgtgttgcacgctgagactggcgaaaagaccgttgtca
ctgtcgagtag
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>D. hydrothermalis
GATCCATGActgggctgtgccgtgcacgtgctgcacgcagagaccggtgaagagcatgtttacce
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AG = -26.40 kJ/mol
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>D. postgatei 2ac?9 Supplementary Fig.S1
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>D. phosphitoxidans
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>D. autrotrophicum HRM2
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Supplementary Fig. S1: Structural models of the SECIS element predicted from the
sequence immediately after the in-frame opal (UGA) codon. The stabilizing energy and
secondary mRNA structure were computed on the mFold web server:
http://mfold.rna.albany.edu/



Acidiphilium cryptum JFS5 Acry 0337

Methylocystis sp. ATCC 49242 3664 gi323139201
Azorhizobium caulinodans ORS 571

Xanthobacter autotrophicus Py2 Xaut 2174 gi154243958
Azospirillum sp. B510

Beijerinckia indica ATCC 9039

Escherichia coli str. K12 substr. MG1655 K12 hyaAB gi49175990
Chlorobaculum parvum NCIB 8327 Cpar 1297 gi193211676
Chlorobium limicola DSM 245 DSM 245 Clim 0855 gi189345558
Pelodictyon phaeoclathratiforme BU1 Ppha 1862 gi194335182
Rhodobacter sp. SW2 Rsw2DRAFT 1841 gi260575757
Thiobacillus denitrificans ATCC 25259 Tbd 1377 gi74316018

G sp. M18 GM18 0460 gi322417545

Dechloromonas aromatica RCB Daro 3989 gi71905642
Desulfobulbus propionicus DSM 2032 Despr 3325 gi320352146
Desulfotalea psychrophila LSv54 LSv54 hynAB gi51243852

F i ici DSM 4947 Flexsi 0659 gi336322299
Flavobacterium johnsoniae UW101 Fjoh 3906 gi146297766

Megamonas funiformis YIT 11815 HMPREF9454 01684 gi375086657
Calditerrivibrio nitroreducens DSM19672

Deferribacter desulfuricans SSM1 DEFDS 0077 gi291278433
Thermodesulfovibrio yellowstonii DSM 11347 THEYE A1943 gi206889172
Aquifex aeolicus VF5 aq 963

100 Hydrogenobacter thermophilus TK6 hynSL gi288817321

Desulfovibrio vulgaris str. Hildenborough hynAB gi46451220

Desulfovibrio vulgaris str. Miyazaki F DvMF 0271 gi218885109
Desulfovibrio alaskensis G20 Dde 2137 gi78355047

Bilophila wadsworthia 3 1 6

Desulfovibrio piger ATCC 29098 DESPIG 02534 gi209947712
Desulfovibrio desulfuricans subsp. ATCC 27774 Ddes 1039 gi220903286
Desulfovibrio africanus PCS PCS PCS 00374 gi459317744
Desulfomicrobium baculatum DSM 4028 DSM 4028 Dbac 0767 gi256576994
Desulfohalobium retbaense DSM 5692 Dret 0265 gi258404138
Desulfovibrio salexigens DSM 2638 DSM 2638 Desal 1915 gi242120376
Desulfovibrio hydrothermalis NiFe DSM 14728

Desulfatibacillum alkenivorans AKO1 AKO1 Dalk 2275 gi218777860

100 Desulfobacterium autotrophicum HRM2 HRM2 hynB gi223689840
100 Desulfotignum phosphitoxidans DSM13687 gi474489951
Slackia heliotrini DSM 20476 Shel 12910 gi257062754
,— Thermincola potens JR JR TherJR 0765 gi296131550
7 Dy i i Y51 DSY2101 gi89892746
100 Desulfosporosinus meridiei DSM 13257 DesmerDRAF T 3307 gi354563396

100 Desulfosporosinus sp. OT DOT 1751 gi345857847

Ferroglobus placidus DSM 10642 Ferp 1614 gi288930407

Acetivibrio cellulolyticus CD2

Clostridium cellulolyticum H10 H10 ATCC 35319 Ccel 1071 gi220927459
Clostridium papyrosolvens DSM 2782 DSM 2782 Cpap 3763 gi326200859
Bacillus pseudofirmus OF4

yti WM1 WM1 Closa 2176 gi302384444
Clostridi tobutylicum ATCC 824 ATCC 824 mbhs gi15004705
Clostridium ljungdahlii DSM 13528 ATCC 49587 hyaA gi300853232
Clostridium beijerinckii NCIMB 8052 NCIMB 8052 Cbei 3013 gi150014892
Clostridium sp. DLVIII DLVIII CDLVIII 1995 gi359409685

Clostridium botulinum A str. ATCC 3502 ATCC 3502 hupS gi148378011
Clostridium sporogenes PA 3679 PA 3679 IYC 12429 gi365978646
Clostridium cellulovorans 743B 743B Clocel 1155 gi302872922
Clostridium carboxidivorans P7 P7 CcarbDRAFT 2033 gi255525053

Clostridium sacct

Oscilli ici Sjm1820 OBV 07120 gi350268398
Acetohalbium arabaticum DSM 5501
Desulfotomaculum gibsoniae DSM 7213 DesgiDRAFT 3551 gi357040530

D porosinus youngiae DSM 17734 DesyoDRAFT 0327 gi374578721
Candidatus Desulforudis audaxviator MP104C gi169830219
Dethiobacter alkaliphilus AHT 1 AHT 1 DealDRAFT 1217 gi225175268
Desulfovibrio vulgaris str. Hildenborough NiFeSe hysB gi46562128
Desulfovibrio vulgaris Miyazaki NiFeSe gi218885109

Desulfovibrio alaskensis NiFeSe gi78355047

Desulfovibrio piger ATCC NiFeSe gi209953970

Bilophila wadsworthia 3 1 6 NiFeSe

Desulfomicrobium baculatum DSM 4028 NiFeSe gi256827818
Desulfovibrio africanus str. Walvis Bay NiFeSe gi374298386
Desulfovibrio salexigens DSM 2638 NiFeSe gi242277482
Desulfovibrio hydrothermalis NiFeSe DSM 14728

Desulfobacterium autotrophicum NiFeSe hysAB gi224367124
Desulfobacter postgatei NiFeSe gi357036440

Desulfotignum phosphitoxidans DSM 13687 gi474486106
Desulfarculus baarsii DSM 2075 Deba 0996 gi302341444
Desulfobacter postgatei 2ac9 DespoDRAFT 01565 gi389399846
Desulfurispirillum indicum S5 Selin 0443 gi317050199

Desulfurivibrio alkaliphilus AHT2 DaAHT2 0673 gi297567992

Thermosir boxydivorans Nor1 TcarDRAFT 2530 gi121533276
Ammonifex degensii KC4 Adeg 1787

Candidatus Desulforudis audaxviator MP104C

Pelotomaculum thermopropionicum S| HyaA gi147676335

Bilophila wadsworthia 316 NiFe

Syntrophothermus lipocalidus DSM 12680 Slip 0386 gi297616214
Dehalococcoides ethenogenes 195 DET0111 gi57233530
Dehalococcoides sp. CBDB1 hupS gi73747956

Dehalogenimonas lykanthroporepellens BLDC9 Dehly 0026 gi300087139

supplementary Fig. S2

Supplementary Fig. S2: The phylogeny of 88
[NiFe(Se)] Hases inferred by the ML method.
Below the branches are ML bootstrap
percentages. Clades containing [NiFe] and
[NiFeSe] Hases are shown in blue and red
boxes, respectively.
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Supplementary Fig. S3

Desulfovibrio vulgaris str. Hildenborough selA gi46562128
Desulfovibrio vulgaris RCH1 Deval 2663 gi387151873
Desulfovibrio vulgaris DP4 Dvul 0482 gi120601051

Desulfovibrio vulgaris str. Miyazaki F DvMF 1311 gi218885109
Desulfovibrio sp. A2 selA gi347519089

Desulfovibrio alaskensis G20 Dde 3059 gi78217452
Desulfovibrio piger ATCC 29098 selA gi209947746

Desulfovibrio desulfuricans ATCC 27774 Ddes 1740 gi220903286
Desulfovibrio sp. 6 1 46AFAA HMPREF1022 01050 gi345048071
Bilophila sp. 4 1 30 HMPREF0178 00973 gi345037760

Bilophila wadsworthia 3 1 6 HMPREF0179 01096 gi511279375
Desulfomicrobium baculatum DSM 4028 Dbac 0506 gi256576994
Desulfomicrobium baculatum DSM 1743 selA gi2440047
Desulfovibriofructosivorans JJ DesfrDRAFT 2529 gi302490808
Desulfovibrio aespoeensis Aspo2 Daes 1153 gi316941978
Desulfovibrio sp. X2 X2 dsx2 0313 gi523469379

Desulfovibrio africanus str. Walvis Bay Desaf 0074 gi367460290
Desulfovibrio africanus PCS 01275 gi459317061
Desulfohalobium retbaense DSM 5692 Dret 0760 gi258404138
Desulfovibrio salexigens DSM 2638 Desal 2187 gi242120376
Desulfovibrio hydrothermalis AM13 DSM 14728 selA gi432168615
Pseudomonas stutzeri A1501 gi146280397

Desulfurivibrio alkaliphilus AHT2 DaAHT2 0215 gi297567992
delta proteobacterium MLMS1 MIdDRAFT 2162 gi93450998
Clostridium sp. CAG:169 BN513 00920 gi524303533
Desulfobacter postgatei 2ac9 DespoDRAFT 02499 gi389399846
Desulfobacula toluolica Tol2 TOL2 C10780 gi405104673
Desulfotignum phosphitoxidans DSM 13687 gi474489951
Desulfobacterium autotrophicum HRM2 gi223689840
Desulfococcus oleovorans Hxd3 Dole 3060 gi158520017
Syntrophus aciditrophicus SB SYN 01801 gi85857845

Supplementary Fig. S3: Phylogenetic relationships of selA genes in a maximum-
likelihood phylogenetic tree made from 74 homologous lineages. Genes from sulphate-
reducing bacteria of terrestrial origin (1-3), from clinical isolates from human faeces (4-
5), of marine vent origin (7-9), and of sediment origin (10-12) are numbered in colors
red, brown, blue, and green, respectively. Scores designated at each branch represent
the percent of the 300-times Bootstrap test.



supplementary Fig. S4

a0 1 Desulfovibrio vulgaris str. Hildenborough selB gi46562128
Desulfovibrio sp. A2 selB gi347733562
—2 - 100 2 Desulfovibrio vulgaris str. Miyazaki F DvMF 2506 gi218885109
4 Bitophila wadsworthia 3_1_6 HMPREF0179 02326 gi317486122
81 4@': Bilophila sp. 4_1_30 HMPREF0178 01779 gi345887855
> Desulfovibrio piger ATCC 29098 ATCC 29098 DESPIG 02171 gi209954023

60 100 Desulfovibrio desulfuricans subsp. ATCC 27774 Ddes 2086 gi220903286

?E Desulfovibrio sp. 3_1_syn3 HMPREF0326 00352 gi303325382

100 Desulfovibrio sp. 6_1_46AFAA HMPREF 1022 02069 gi345892508
Desulfovibrio alaskensis G20 Dde 3173 gi78355047
Desulfovibrio africanus str. Walvis Bay Desaf 0072 gi374298386
Desulfomicrobium baculatum DSM 4028 Dbac 2019 gi256827818
100 Desulfovibrio desulfuricans ND132 0948 gi376294792
Desulfovibrio aespoeensis Aspo2 Daes 1155 gi317151727

70 —— Desulfovibrio magneticus RS1 selB gi239904639
Desulfovibrio fructosovorans JJ DesfrDRAFT 2531 gi303247724
Desulfovibrio sp. FW1012B DFW101 0303 gi357632130
Desulfonatronospira thiodismutans ASO31 Dthio PD1092 gi298529851
Desulfovibrio hydrothermalis AM13 DSM 14728 selB gi436839709
Desulfovibrio salexigens DSM 2638 Desal 2185 gi242277482
Desulfohalobium retbaense DSM 5692 Dret 0762 gi258404138
Desulfobacter posigatei 2ac9 DespoDRAFT 0150 gi357033225
Desulfotignum phosphitoxidans DSM 13687 selB gi474488365
Desulfobacterium autotrophicum HRMZ2 selB gi224367124
Desulfatibacillum alkenivorans AKO1 Dalk 1105 gi218777860
Desulfococcus oleovorans Hxd3 Dole 0653 gi158520017
Desulfurivibrio alkaliphilus AHT2 AHT2 DaAHT2 0324 gi297567992
delta proteobacterium MLMS1 MLMS 1 MIdDRAFT 4659 gi94 265062
Desulfobulbus propionicus DSM 2032 DSM 2032 Despr 1043 gi320352146
Desulfotalea psychrophila LSv54 DP2933 gi51243852
Desulfobacca acetoxidans DSM 11109 Desac 2265 gi328951746
Syntrophus aciditrophicus SB SYN 02191 gi85857845
Heliobacterium modesticaldum Ice1 selB gi255961476

24

Supplementary Fig. S4: Phylogenetic relationships among the selB genes in a
maximum-likelihood phylogenetic tree made from 88 homologous lineages. Genes
from sulphate-reducing bacteria of terrestrial origin (1-3), from clinical isolates from
human faeces (4-5), of marine vent origin (7-9), and of sediment origin (10-12) are
numbered in colors red, brown, blue, and green, respectively. Scores designated at each
branch represent the percent of the 300-times Bootstrap test.
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Supplementary Fig. S5

99 Desulfovibrio piezophilus C1TLV30 BN4 tRNA21 gi451894 361
Desulfovibrio aespoeensis Aspo2 Daes R0010 gi316941978
Lawsonia intracellularis N343 LAW 01234 gi441492708

29

i

38 Candidatus Solfibacter usitatus Ellin6076 R0035 gi116222307
Desulfovibrio vulgaris RCH1 Deval R0030 gi311232317
Desulfovibrio vulgaris str. Hildenborough tRNASeCTCA11 gi635208883
35 Desulfovibrio vulgaris DP4 Dvul R0058 gi120561280
38 Desulfovibrio vulgaris str. Miyazaki F DvMF R0O007 gi218756063

4 Bilophila wadsworthia 3_1_6 selC gi511279375

100

|

31

B

Desulfovibrio alaskensis G20 Dde R0029 gi78217452
Desulfovibrio piger ATCC29098 selCgi210134156

48 Desulfomicrobium baculatum DSM 4028 gi256576994
Desulfovibrio africanus str. Walvis Bay Desaf R0062 gi367460290
Desulfovibrio magneticus RS1 gi239794502

25

u

i

32

53

26 4;8 Desulfovibrio salexigens DSM 2638 Desal R0027 gi242120376

94 9 Desulfovibrio hydrothermalis AM13 DSM 14728 tRNASS gi432168615
— 10 Desulfobacter postgatei 2ac9 selC gi389578211

20

11 Desulfotignum phosphitoxidans DSM13687 Dpo 5c gi474489951

98 { Desulfobacula toluolica Tol2 tRNASeC(p) gi405104673
37 12 Desulfobacterium autotrophicum HRM2 H17940 ¢i223689840

Desulfobacca acefoxidans DSM 11109 Desac R0009 gi328452070

Desulfarculus baarsii DSM 2075 Deba R0015 gi301638057
0 Syntrophus aciditrophicus SB tRNA SeCTCA11 gi635220890
Syntrophobacter fumaroxidans MPOB tRNASeCTCA11 gi635221145

%

25

Desulfococcus oleovorans Hxd3 Dole R0035 gi158508843

55 Desulfatibacillum alkenivorans AKQ1 Dalk R0027 gi218759244
uncultured Desulfobacterium sp. seC tRNA gi308272415

g3 Methylobacterium radiotolerans JCM 2831 Mrad2831 R0012 gi170652972
Methylobacterium sp. 446 tRNASeCTCA11 gi635225086

Hyphomonas neptunium ATCC 15444 tRNASeCTCA11 gi635222431

i

86

20

Thermodesulfatator indicus DSM 15286 Thein R0055 gi335358205

Desulfurivibrio alkaliphilus AHT2 DaAHT 2 R0049 gi296923907
98 Alkaliphilus metalliredigens QYMF Amet R0046 gi149947715
Clostridium sticklandii tRNA59 gi308824094

’

" Coprothermobacter proteolyticus DSM 5265 gi206737695

Supplementary Fig. S5: Phylogenetic relationships of selC gene in the maximum-
likelihood phylogenetic tree made from 48 homologous lineages. Genes from sulphate-
reducing bacteria of terrestrial origin (1-3), from clinical isolates from human feaces (4-
5), of marine vent origin (7-9), and of sediment origin (10-12) are numbered in colors
red, brown, blue and green, respectively. Scores designated at each branch represent
the percent of the 500-times Bootstrap test. The cut-off value for the consensus tree
was set at a bootstrap value of 15%. Accordingly, sequences encoding selC were hard to
discern their phylogenetic relationships except for the three linages (10-12) due to the
extra 3 bases that they have between the E and T arms of their predicted cloverleaf

model.



Supplementary Fig. S6
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D. vulgaris Hilden.
D. vulgaris Miyazaki
D. alaskensis G20
D. piger
B. wadsworthia
D. baculatum
D. africanus Walvis l
D. salexigens
D. hydrothermalis
D. postgatei 2ac9
D. autotrophicum
D. phosphitoxidans

D. vulgrais Hildenborough D. vulgrais Miyazaki D. alaskenasis G20 D. piger B. wadsworthia 3-1-6 D. baculatum
AG =-36.1 k/mol AG =-37.4 kJ/mol AG =-41.3 kJ/mol AG =-41.2 kl/mol AG =-34.7 k/mol AG =-38.6 kJ/mol

W T
D. africanus Walvis Bay D. salexigens DSM2638 D. hydrothermalis D. postgatei 2ac9 D. autrophicum HRM?2 D. phosphitoxidans
AG =-39.9 ki/mol AG =-32.10 kJ/mol AG =-33.8 ki/mol AG =-39.48 ki/mol AG =-39.68 ki/mol AG =-39.98 kl/mol

Supplementary Fig. S6: Sequence alighment and cloverleaf models for the tRNAYGA sequences encoded in genomes harboring
[NiFeSe] Hase genes.
10



supplementary Fig. S7
‘10 Desulfobacter postgatei 2ac9 DespoDRAFT 1490 gi357034694
15 Syntrophothermus lipocalidus DSM 12680 DSM 12680 Slip 2353 gi297616214
T’_E Desulfosporosinus youngiae DSM 17734 DSM 17734 DesyoDRAFT 4626 gi374578721

00 Desulfosporosinus meridiei DSM 13257 DSM 13257 DesmerDRAFT 0953 gi354560092

—-i: Mooreilla thermoacetica ATCC 39073 ATCC 39073 Moth 1625 gi83588874

47 Candidatus Desulforudis audaxviator MP104C MP104C Daud 1535 gi169830219

Ammonifex degensii KC4 KC4 Adeg 0303 gi260891830
—————————— Pelobacter propionicus DSM 2379 Ppro 1707 gi118578449

v Desulfonatronospira thiodismutans ASO31 ASO31 Dthio PD1642 gi298528828

7
28 1 Desulfofignum phosphifoxidans DSM 13687 selD gi474489951
52 uncultured Desulfobacterium sp. N47 A08860 gi308270072
99 2 Desulfobacterium autotrophicum HRM2 selD2 gi224367124
Desulfohalobium retbaense DSM 5692 Dret 2036 gi258404138

Desulfovibrio vulgaris str. Hildenborough selD gi46562128

100

Desulfovibrio vulgaris DP4 Dvul 1736 gi120601051
Desulfovibrio alaskensis G20 Dde 2225 gi78355047

24 Desulfovibrio hydrothermalis AM13 DSM 14728 selD gi436839709

1
30
1
1
100 8 Desulfovibrio salexigens DSM 2638 Desal 0640 gi242277482
If Desulfomicrobium baculatum DSM 4028 Dbac 2745 gi256827818
99
1 B 7 Desulfovibrio africanus str. Walvis Bay gi374298386
17 58 5 Desulfovibrio piger ATCC 29098 gi209954034
_‘_E Desulfovibrio sp. 6 1 46 AFAA HMPREF1022 00817 gi345891242
100
100 Desulfovibrio sp. 3 1 syn3 HMPREF0326 02689 gi303327889
Desulfovibrio desulfuricans subsp. ATCC 27774 gi220903286

Desulfovibrio vulgaris str. Miyazaki F DvMF 0107 gi218885109
Desulfovibrio sp. A2 A2 selD gi347730684

48 .
28

Desulfovibrio desulfuricans ND132 2504 gi376294792
Desulfovibrio aespoeensis Aspo2 Daes 3077 gi317151727
Desulfovibrio magneticus RS1 selD gi239904639

Desulfovibrio sp. FW1012B DFW101 0726 gi357632130
Desulfovibrio fructosovorans JJ gi303245241

,—4 Bilophila wadswaorthia 31 6 HMPREF0179 02478 gi317486267
100 L— Bilophila sp. 4 1 30 HMPREF0178 01928 gi345888022

— Desulfatibacillum alkenivorans AKO1 Dalk 0468 gi218777860

89
23

28 L Desulfobacca acetoxidans DSM 11109 Desac 0460 0328951746
® 100 Geobacter metallireducens GS15 GS15 Gmet 2906 gi78221228

Geobacter sulfurreducens PCA PCA GSU0608 gi39995111
Geobactersp. FRC32 Geob 1421 gi222053117

100

Supplementary Fig. S7: Phylogenetic relationships of the selD genes in a maximum-
likelihood phylogenetic tree made from 95 homologous lineages. Genes from sulphate-
reducing bacteria of terrestrial origin (1-3), from clinical isolates from human faeces (4-
5), of marine vent origin (6-9), and of sediment origin (10-12) are numbered in colors

red, brown, blue, and green respectively. Scores designated at each branch represent
the percent of the 300-times Bootstrap test.
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Supplementary Figure S8: History of cavity development in [NiFeSe]Hases Comparative morphology of the cavities in [NiFeSe] Hases from the common
ancestor 136 to the extant [NiFeSe]Hases via the intermediate ancestral forms. Cavities are identified by location and amino acid residues involved, and are
designated by numbers and morphological designations, d, k, v, and i. The Ni-Fe and Fe-S clusters are shown in sphere designation, and the large and small
subunits are designated in green and blue wire forms, respectively. (A-C) Blue arrows show evolutionary trait under absolutely anaerobic aquatic
environments. (D, E) Brown arrows show path to terrestrial divergence including human faeces-derived isolates. (F) Green arrows show the path to marine
sediment-derived [NiFeSe] Hases. Phylogenetic tree on each panel A-F highlights the genetic trait where the panel illustrates.
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D. vulgaris Hilden. MSLTRRDFVKLCTGTVAGFGISQMFHP
102 MSLTRRDFVKLCTGTVAGFGISQMFHP
D. vulgaris Miyazaki F MSLNRRDFVKLCTGTVAGFGISQMFHP
115 MSLTRRDFVKLCTGTVAGFGVSQMFHP
D. alaskensis G20 MSLSRRNFVKLCTGTVAGFGVSQMFHP
123 MSLTRRDFVKLCTGTVAGFGVSQMFHP
D piger MSLNRRDFVKLCTGTVAGFGVAQMFHP
131 MSLTRRDFVKLCTGTVAGFGVSQMFHP
B. wadsworthia 3-1-6 MALSRRDFVKLCSGTVAGFGVSQMFHP
136 MSLTRRDFVKLCTGTVAGFGVSQMFHP
133 MSLTRRDFVKLCTGTVAGFGVSQMFHP
132 MSLTRRDFVKLCTGTVAGFGVSQMFHP
D. baculatum MSLSRREFVKLCSAGVAGLGISQIYHP
D. africanus WalvisBay MSLDRRDFLKLCTGTVAGLGYVSQMVHP
96 MSLTRRDFVKMCTGTVAGFGISQMFNP
D. hydrothermalis MSLTRRDFVKMCTGTVAGFGISQVFNP
D. salexigens MSLTRRDFVKMCTGTVAGFGISQMFNP
121 VKDEQTLPDAQQEGTGVSRRDFLKTLTGTAAGIGISQMFNP
D. autotrophicum HRHZ ~ MFYCLSVTRCTSNSIKEVPLKEEQNLSDDQKEGSGVSRRGFLKALTGTAAGIGLSQMINP
D. postgatei Zac9 VKDDHMLPETQQEKSGVTRRCFLKTVAGAAAGIGVSQMVNP
108 VKDEQTLPDAQQEKAGVSRRNFLKTLTGTAAGIGI SQMFNP
D. phosphitoxidans VKDKQSLPDAQPKLAGISRRNFLKTLTGTAAGIGISQVFNP
139 MSLTRRDFVKLCTGTAAGFGVSQMFHP
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D. vulgaris Hilden. AVHEAL-AG—-T-LTGERP-PVFWLQGQGCTGCSVTLLNSVHPSTADVLLKVISLEFHPT
102 AVREAL--G--T-LTGERP-PVFWLQG-GCTGCSVSLLNSVHP-TADVLLKVISLEFHPT
D. vulgaris Miyazaki F AVCEAI-SG--S-LNGERP-PVLWLQGQGCTGCSVSLLNSVHPTIADVLLKVISLEFHPT
115 AVREAL--G--T-LTGERP-PVFWLQG-GCTGCSVSLLNSVHP-TADVLLKVISLEFHPT
D. alaskensis G20 ATRDAL-AD--T-LKGDRP-PVLWLQGQGCTGCSVSLLNSVHPSTKDVLLDVISLEFHPT
123 AIREALG-——-T-LTGERP-PVFWLQG-GCTGCSVSLLNSVHP-IADVLLKVISLEFHPT
D piger AVREAL-—-AGT-LTGERP-PVIWLQGQGCTGCSVSLLNNVNPSTADVLLKI ISLEYHPT
131 ATGEAL——- T-LTGERP-PVFWLQG-GCTGCSVSLLNSVHP-TADVLLKVISLEFHPT
B wadsworthia 3-1-6  AIHEAF-——AQT-LTGERP-PVFWVQGQGCTGCSVTLLNSTHPSIADVLLKI ISLEFHPT
136 AIVEAL-——- K-LAAEKP-PVFWLQG-GCTGCSVSLLNTVHP-TADVLLEVISLEFHPT
133 ATVHAL———- KKVAAEKA-PVFWLQG-GCTGCSVSLLNTVHP-TAEVLLEVISLEFHPT
132 ATVHAL———- KKVAAEKA-PVFWLQG-GCTGCSVSLLNTVHP-TAEVLLEVISLEFHPT
D. baculatum GIVHAM-—— T-EGAKKA-PVIWVQGQGCTGCSVSLLNAVHPRIKEILLDVISLEFHPT
D. africanus WalvisBay AIVRAL-——- E-KATSGKAPVFWLQGCGCTGCSVSILNSVHPTIADVLLKVISMDFHPT
96 SVVHAL————- K-KFVPN-——VFWLQG-GCTGCSVSILNSVHP-TAEVLLDVINLDYHPT
D. hydrothermalis SVVHAL———- K-KFVPH-——VFWLQGQGCTGCSVSILNSVHPSTAEVLLEVITLDYHPT
D. salexigens SVVHAL———- K-KFVPN-——VFWLQGQGCTGCSVSILNSVHPSTAEVLLDVINLDYHPT
121 ALVQAL———- K-KGLEHH-PVLWIQGQGCTGCSVSLLNSVDPTIADVLLKVISLQYHPT
D. autotrophicum HRMZ ~ ALVSAM-———-| K-KGLENH-PVLWIQGQGCTGCSVSLLNSVEPTIAKVLLDITSLQYHPT
D. postgatei Zac9 TLVKAL-———- E-KGLERH-PVLWIQGQACTGCSVSLLNSVDPSIADVLLKVISLQYHPT
108 ALVQAL———- E-KGLERH-PVLWIQGQGCTGCSVSLLNSVDPTIADVLLKVISLQYHPT
D. phosphitoxidans ALIQAL———- E-KGLERH-PVLWIQGQGCTGCSVSLLNSVDPSIADVLLKVISLQFHPT
139 AIVEAL-——- K-MAAEKP-PVFWLQG-GCTGCSVSLLNTVHP-TADVLLEVISLQFHPT
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DAMKSVAANAAAVLAVGTCAAYGGIPAAQGSETGAKSVSQFFKDNGIATPVVNIPGCPPH
DATKDLAANAAAVLAVGTCAAYGGIPAAEGNVTGAMA-SQFFEENG-KTPVVNIPGCPPH
DAMRDIAAKSAAVLAVGTCAAYGG I PAAEGNLTEAVSVQQFFEQEGIKTPVVNIPGCPPH
DVIKELAANAAAVLAVGTCAAYGGIPAAEGNVTGAMG-SEFFKENG-KTPVVNIPGGPPH
DLVKKLAPDAAAVLALGTCAAYGGIPAAKGSVTEAMGTGALLKQAGIKTPVVNIPGCPPQ
DVIKELAANAAAVLAVGTCAAYGGIPAAEGNVTGAMG-CEFFKENG-KTPVVNIPGCPPH
EVTKVLAANAAAVLAVGTCAAYGGIPAGKGNETGAMGVSAFLKKEGIPAPVINIPGCPPH
EVIKELATNAAAVLAVGTCAAYGGIPAAEGNLTGAMG-RDFFEENG-KTPVVNIPGCPPH
EVIQELATNAAAVVAVGTCAAYGGIPAAEGNLTGSMG-RDFFEENG-KTPVVNIPGCPPH
EVIQELATNAAAVVAVGTCAAYGG I PAAEGNLTGSMG-RDFFEEKG-KTPVVNIPGGPPH
ELTRDLAPKSLATVAIGTCAAYGGIPAAAGNVTGSKSVRDFFAEEKTEKLLVNVPGCPPH
QAMLELGKDAAAGCTALGSCGAYGGIPAAKGNLTGCVGLRDFYQSKNISTPVVNIPGGPPH
EATLEMAKNAAVVVNVGTCAAYGGIPAAEGNLTGSMS—-TNFLAENG-KTPVVNIPGCPPH
EATLEMAKNAAVVVNVGTCAAYGGIPAAEGNLTGSMSVTNFLAENGVKTPVVNIPGCPPH
EATLEMAKNAAVVVNVGTCAAYGGIPAAEGNLTGSMSVTNFLAENGVKTPVVNIPGCPPH
DMIKELATMAGTVLAVGTCAAYGGIPAAKGNLTGATGVRDFFKEND INTPVVNIPGGPPH
EMTTELGKMAGSVLAVGTCAAYGGIPAAKGNLTQATGVANVFKKFDITTPVVNIPGCPPH
DLVKEVAPMAGSCLAVGTCAAYGGIPAAKGNVTGATGCRDFFAANSINTPIVNIPGCPPH
DMVKELAPMAGSVLAVGTCAAYGGIPAAKGNVTGATGVRDFFKAND INTPVVNIPGCPPH
DMVQELAPMAGSVLAVGTCAAFGGIPAAKGNVTGATGVRDFFKSKDITTPVVNIPGCPPH
EVIKELATKAAAVLAVGTCAAYGGIPAAEGNLTGAMG-RDFFEENG-KTPVVNIPGCPPH
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GENTHDNCPYLDKFDNDKFAETFT-KDGCRYD-GCKGPATNSDCFKRKWNSGVNWCVDNA
GENTHDNCPYLDKFDNDKFAETFT-KDGCRYD-GCKGPATNSDCFKRKWNSGVNWCVENA
GENTHDNCPYLDKFDNDKFAETFT-KAGCKYD-GCKGPATNSDCFKRKWNNGVNWGVENA
GDNIHENCPYLDKYDNSEFAETFTKP-GCKAELGCKGPSTYADCAKRRWNNG INWCVENA
GENTHDNCPYLEHFENDNFAATFTQAG-CKYNLGCKGPACNSDCFKRKWNSGMNWCVENA
GENTHDNCPYLEAFDNDEYAE IFT-PDKCRYE-GCKGPSANSDCFKRKWNGGVNWCGVENS
GENTHDNCPYLEAFDNDEYAEVFTDPEKCRYELGCKGPSANSDCFKRKWNGGVNWCGVENS
GENTHDNCPYLEAFDNDEYAE IFTDPVKCRYELGCKGPSANSDCFKRKWNGGVYNWCGVENS
GENTHDNCPYLDDFDEDIFAETFTDNKGCRMDLGCKGPDTYADCFKRKWNSGLNWGVDNA
GENIHENCPYLDYFDQDIYSKTFTDKKGCRMELGCKGPDTYADCFRRKWNSGLNWCIENA
GENTHDNCPRLKMYEADQLSQTLSDPKGCRINLGCKGPSTYADCYKRKWNSGLNWCGVDNA
GENTHDNCPYLDDYDADLLAETLSDPKGCRMDLGCKGPDTYADCYKRKWNSGLNWCVDNA
GENTHDNCPHLDDYDAAFMAATLSDPKGCRMDLGCKGPDTYADCYQRKWNSGLNWCVNNA
GENTHDNCPYLDKFDNDKFAETFT-KDGCRFD-GCKGPATYADCFKRKWNSGVNWCVDNA
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GHLKAEVVVKDGKVTDAWLSGGMYRGFENIL IGRDPRDAAQLTQRLCGVCPTAHSTASTR
GHLKAEVEVEDGKVVDARFSGGMFRGFENILNGRDPRDATQIVQRICGVCPTAHATASAL
GHLKVEVEVKGGKVVDARCFGGMFRGFENILTGRDPRDATQIVQRICGVCPTAHATASSL
GHLKAEVEVKNGVVVDARMSGGMYRGFEQILVGRDPRDAVQITQRICGVCPTAHATASSL
GHLKAEVEVEDGKVVDARISGGMYRGFEQILNGSDPRDATQITQRICGVCPTAHATASAL
GHLKAEVEVAGGKVVDAHITGGMYRGFEQILYGRDPRDATQITQRICGVCPTAHATASAL
GHLKAEVEVEDG-VVDAWF SGGMFRGFENIL IGRDPR-AAQIVQRICGVCPTAHATASAL
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VRN RPN AT PRPPU RN PN PR AU DA PR P P
ALDEAFGAKVPNNGRITRNL IFGANYLQSHILHFYHLSAQDFVQGPDTAPFVPRFPKSDL
ALDD-FGVKVPTNGRI-RNL IFGANYLQSHILHFYHLAAL-FVQGPDTAPFV-RFAKPDL
ALDNAFKVKVPTNGRLTRNLTFGANYLQSHILHFYHLAALDFVQGPDSAPFVPRFAKPDL
ALDD-FGVKVTTNGRI-RNLILGANYLQSHILHFYHLAAL-FVQGPDTAPFV-RFAKPDL
ALDKAFGVKVTTNGRLTRNL ILGANYMQSHILHFYHLAALDFVQGPETAPFVPRFKNPDL
ALDD-FGVKVTTNGRI-RNL ILGANYLQSHILHFYHLAAL-FVQGPDTAPFV-RFAKPDL
AQEDAFNIKVTGNGRITRNL ILGANYLQSHILHFYHLAALDFVAGPDTAPFVPRFAQPDL
ALDD-FGVKVTTNGRI-RNLILGANYLQSHILHFYHLAAL-YVQGPDTAPFV-RYDNPDL
ATEAVCGVEVPENGRIARNLMLAGNYLQSNILHFYHLGGQDYFHGPDTVPF IPRYRNPDL
ALDD-FGVKVTTNGRI-RNL ILGANYLQSHILHFYHLAAL-YVNGPDMAPFV-RYDNPDL
ALDD-FGVKVTTNGRI-RNLIFGANYLQSHILHFYHLAAL-YVNGPDIAPFV-RYDNPDL
ALDD-FGVKVTTNGRI-RNLIFGANYLQSHILHFYHLAAL-YVNGPDIAPFV-RYDNPDL
AQDDAFGVKVTTNGRITRNL IFGANYLQSHILHFYHLAALDYVKGPDVSPFVPRYANADL
ALDDAFGVKLTTNGRVTRNL IFGANYLQSHILHFYHLAALDYVAGPDVAPFVPRYEKSDL
ALDD-FGVKLTTNGRV-RNLIFGANYLQSHILHFYHLAAL-FVSGPGKAPFV-RFEHPDL
ALDDAFGAKITTNGRVTRNL IFGANYLQSHILHFYHLTALDFVRGPGKAPFVPRFEQPDL
ALDDAFGVKLTTNGRVTKNL IFGANYLQSHILHFYHLAALDFVRGPGKAPFVPRFEQPDL
ALDDAFGVKLTNNGRIARNL ILGANFLQSHILHFYHLAALDYVNGPDTAPF IPRYDNNDM
ALDDAFGVKLTNNGRVARNL ILGANFLQSHILHFYHLAALDYVNGPEVAPF IPRYKNNDV
ALDDAFGVTLTDNGRIARNL ILGANFIQSHILHFYHLAALDYVNGPDTAPFIPRYKHNDI
ALDDAFGVKLTDNGRIARNL ILGANFLQSHILHFYHLAALDYVNGPDTAPF IPRYDNNDM
ALDDAFGVELTDNGRIARNL ILGANFLQSHILHFYHLAALDYCNGPDTAPF IPRYANNDM
ALDD-FGVKVTNNGRI-RNL ILGANYLQSHILHFYHLAAL-YVNGPDMAPFV-RYDNPDL

550 560 570 580 590 600
T P T T T e
RLSKELNKAG—————- VDQYIEALEVRRICHEMVALFGGRMPHVQGQVVGGATEIPT
RLPKEMNKA-——————- VDQYLEALEVRRICHEMVAL-GGRMPHVQGQVVGGATEIPT
RLPKDINAAA——————- VDQYLEALEVRRICHEMVAMFGGRMPHVQGQVVGGTTEIPT
RLPKEMNKV-———————- VDQYLEALEVRRICHEMVAL-GGRMPHVQGQVVGGATEIPT
RLPSAVNQVA——————- VDQYLEALEVRRICHEMVAIFGGRMPHVQGQVVGGTTEIPT
RLPKEMNKV-———————- VDQYLEALEVRRICHEMVAL-GGRMPHVQGMVVGGATEIPT
RLPPEANKVG——————- VDQYLEALEVRRTAHEMVALFGGRMPHVQGIVPGGATEMPT
RLPKEMNKV-——————- VDQYLEALEVRRICHEMVAL-GGRMPHVQGMVVGGATEIPT
RLSEEQNTLA——————- MDEY I EALEVRQVCHQLVALFGGRMPHLQGILGGGAAQIPD
RLAKEINKV-———————- VDQYLEALEIRRICHEMVAL-GGKMPHVQGMVVGGATEIPT
RLAHE INKV-——————- VDQYLEALEIRRICHEMVAL-GGKMPHVQGMVVGGATEIPT
RLAHE INKV-———————- VDQYLEALEIRRICHEMVAL-GGKMPHVQGMVVGGATEIPT
—LTDRIKDGAKADATNTYGLNQYLKALEIRRICHEMVAMFGGRMPHVQGMVVGGATEIPT
RLTPELNKVA——————- VDQYLEALNVRLVAHEMVALFGGKMPHVSGQVVGGTTEIPS
RLDEKTNKV-——————- VDQYVKALEIRRICHEMVAL-GGKMPHVSGQVVGGATEIPT
RLDEKTNAVA——————- VDQY IKALEIRRICHEMVALFGGKMPHISGQVVGGTTEIPT
RLDEKTNKVA——————- VDQYVKALEIRRICHEMVALFGGKMPHVSGQVVGGATEIPT
RLPKEINEVA——————- VDQYLEALEIRKICHEMVALFGGKMPHVQGIVVGGTTEIPT
RLDKATNQVG———————- VDQYLEALEIRKICHEMVALLGGKMPHVQGIVVGGTTEIPT
RVSKDINDLG——————- VGQYLEALEIRKICHEMVALLGGKMPHVQGIVVGGTTEIPT
RLPKEINDVA——————- VGQYLEALEIRKICHEMVALLGGKMPHVQGIVVGGTTEIPT
RLPKELNDVA——————- VGQYLEALEIRKICHEMVALLGGKMPHVQGIVVGGSTEIPT
RLAKEINKV-———————- VDQYLEALEIRRICHEMVAL-GGKMPHVQGMVVGGATEIPT
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KEKLVEYAARFKKVRDFVEQKYVPVVYTIGSKYKDMFKVGQGFKAALCVGAFPLDNSGKK
KEA-VEYAARFKKVREFVEEKYVPV-YTVGTVYKDLFKEGQGYKNCISFGAFPLNDDGNE
KEALVEYAARFKKVREFVEKKYVPVAYTVGAAYKDLFKFGQGYKNGISFGAFPLNDAMTE
KEA-VEYAARFKKVRKFVEEKYVPV-YIVGTVYKDLFKFGQGYKNCISFGVFPLNDDGKE
KEALVEYAARFKKVRKFVEEKYVPVVYLVGSVYKDLFAFGQGYKNCVAFGVFPLNDEGTE
KEA-VEYAARFKKVRKFVEEKYVPV-Y IVGSVYKDLFKI1GQGYKNCISFGVFPLNDDGKE
KEALLEYAARFKKVRQF IVEKYLPITYIVGSVYKDLFEQGQGVHGCSCFGVFPMTDDGKT
KET-VEYAARFKKVRKFVEEKYVPV-Y IMGSVYKDLFK1GQGYKNCISFGVFPLDDDGKE
RETILEYAARMKQVRKFVENRYLPLVYTIASRYMDMFEMAHGYKNALCVGVFPLAKKGE-
KEK-AEYAARFKKVRKF IEEKYVPV-Y IMGSVYTDLFKIGEGYKNF IAFGVFPLDDDGKE
KEK-AEYAARFKKVHKF IEEKYVPV-Y IMGSVYTDLFKIGDGYKNVIAFGVFPMDDDGKE
KEK-AEYAARFKKVHKF IEEKYVPV-Y IMGSVYTDLFKIGDGYKNVIAFGVFPMDDDGKE
ADKVAEYAARFKEVQKFVIEEYLPLIYTLGSVYTDLFETGIGWKNVIAFGVFPEDDDYKT
QQKLDEYTKRFKLVRKF IEETYVPTVYVIGKAYADLLKVGDGYKNVISFGVFPMDDSGKE
KEK-AEYASRFKEVQKFIEETYVP-VYL1GSVYKDLFKIGGGYKNAMAYGVFPMDDAGYE
KEKLAEYASRFKDVQKF TAEVYVPTVYL1GSVYKDLFKIGGGYKNCMAYGVFPMSDGGDD
KEKLAEYASRFKQVQKFIEETYVPTVYLIGSVYKDLFKIGGGYKNAMAYGVFPMDDAESE
RENLDAYAERFKKVRKFIEEKYVPIVYLLAGPYGDLLKTGVGYKNF I AFGVFPLDDEGN-
REKLDAYKERFKTVRKFIEERYLPLIYLLAGPYGDLLKTGTGYKNCIAFGVFPLDDAGN-
REALNAYAERFKKIKKFVMEKY IPVIYTLAGPYGDLLKTGVGHKNLVSWGVFPMDSKGN-
REALNAYAERFKKVRKF IVEKYVPIVYLLAGPYGDLLKTGVGHKNLVSWGVFPLDNKGN-
REALNAYAERFKKVRQF ILEKYVPIVYLLAGPYGDLLKTGVGHKNLVSWGVFPLDNKGN-
KEK-AEYAARFKKVSKF IEEKYVPV-Y IMASVYTDLFKIGEGYKNF I AFGVFPLDDDGNE

670 680 690 700 710 120
vl
HLFMPGVYAKGKDMPFDPSKIKEYVKYSWFAEETTG-LNYKEGKT IPAPDKAGAY SFVKA
LLLKPGVYIDGKDKPFDPKQIKEYVKYSW-DDATTG-LH-KEGKT IPAPDKA-AYSFVKA
LHLKRGVY IDGKDQPFDPKL IKEYVKYSWFDDATTG-LHF SQGKTVPAPNKAGAY SFVKA
LLLKPGVYIDGKDKPFDPKQIKEYVKYSW-DDATTG-LH-NEGKTIPDPDKA-AYSFVKA
FALKPGVYMDGEDKPFDARL IKEYVKYSWFDDSTTG-LHYTEGQT IPDPEKPGAYSFVKA
LLLKPGVYIDGKDEPFDPKQIKEYVKYSW-DDATTG-LH-NEGKT IPDPDKA-AYSFVKA
HLLKAGVFLNGRDVEFDPKKITEDLKYAWYDDATTG-KGADGAETNPNLDKKDAY SFVKA
LLLKPGVYIDGKDEPFDPKQIKEYVKYSW-DDATTG-LH-NEGKT IPDPDKA-AYSFVKA
QFFNAGAY INGRDEPFDGNRILEDVRYSWFEPAPSG-TPLQKSESNPQVDKEGAY SF IKA
FLLKPGVYIDGKDEAFDPKQIKEYVKYSW-DDATTG-LH-SEGKTIPDPDKA-AYSF IKA
FLLKPGVYIDGKDEAFDPKQIKEYVKYSW-DDASTG-LH-SEGKT IPDPDKA-AYSF 1KA
FLLKPGVYIDGKDEAFDPKQIKEYVKYSW-DDASTG-LH-SEGKT IPDPDKP-AYSF IKA
FLLKPGVYIDGKDEEFDSKLVKEYVGHSFFDHSAPGGLHYSVGETNPNPDKPGAY SFVKA
TLLKPGVY INGKDVAFDPAKIKEYAKYSWFEDSCSN-LHPSQGKTLPKLGKPGAYSF KA
FLLKPGVYIDGKDDGFDPKLIKEYTKYSW-TDECSD-LH-SEGKT IPDVHKK-AYSFCKA
FLIKSGVYVDGKDEKFDPKL IKEF TKYSWYTDECSD-LHPSEGKT IPDVHKKDAYSFCKA
FLLKPGVYIDGKDAGFDQKL IKEYTKYAWYTDECSD-LHPSKGKT IPDVHKKDAY SFCKA
TLLKPGVYTDGKDKAFDPDKIKEYVKYSWFDDTTTG-LHPSEGKTVPDPDKAGAYSF1KA
TLLKSGVFTDGKYTDFNSDNIKEYVKHSFFADNTTG-LHPSKGKTVPDPEKATGYSFIKS
TLLKPGVYTDGKDYKVDPTQIKEYVKYSWFEDSTTG-LNPTRGRTRPEPGKAGAY SF KA
TLLKPGVYTDGKDYAVDPAKIKEYVKYSWFEDTTTG-LNPTEGKTLPDPDKAGAYSF 1KA
TLLKPGVYTDGKDYAVDPAMIKEYVKYSWFEDSTTG-LNPTEGKTLPNPNKPGAY SF 1KA
—LLKPGVYIDGKDEAFDPNQIKEYVKYSW-DDDTTG-LH-SEGKT IPDPDKA-AYSF IKA
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PRYDGLSLEVGPLARMWVNNPELSPVGKKLLKDLFGISAKKFRDLG-EEAAFSLMGRHVA
PRYNGKPVEVGPLA-MWVT-PELSPVGQKLLKDLFGIDAKSFRD-G-DEAAF SLMGRHVA
PRYNGKAVESGPVARMWI TNPELSPVGQKLLKDLFKLNAKRFRDLG-DEAAF SVMGRHVA
PRYNGKPVEVGPLA-MWVT-PELSPMGQKLLKDLFGIDAKSFRD-G-DEAAFSLMGRHVA
PRYNGKPCEVGPLARMWVANPELSPMGQKMLKEHYGIDAKRFRD1G-AEAAFSLMGRHVA
PRYNGKPVEVGPLA-MWVT-PELSPMGQKLLKDLFGIDAKSFRD-G-EDAAFSIMGRHVA
PRYDGEVIEVGPAARMWVANAPLSEVGVKMLKEKFGIEART IRDLG-WDKVFSIMGRHVA
PRYNGKPVEVGPLA-MWVT-PELSPMGQKLLKDLFGIDAKSFRD-G-EDAAFSIMGRHVA
PLYAGHRVEVGPLARMWINDKPLSP I GQRFFADMFGVRAETFRQ1G-EDPAFSIMGRNVA
PRYNGKPVEVGPLA-MWVT-PELSPMGQKLLKDLFGIDAKSFRD-G-EDAAFSIMGRHVA
PRYNGKPVEVGPLA-MWVP-PELSPMGQKLLKDLFGIDAKSFRD-G-EDMAFSTMGRHVA
PRYNGKPVEVGPLA-MWVP-PELSPMGQKLLKDLFGIDAKSFRD-G-—DMAFSIMGRHVA
PRYKDKPCEVGPLARMWVQNPELSPVGQKLLKELYGIEAKNFRDLG--DKAFSIMGRHVA
PRYDGHPVEVGPLARMWVSNPELSPMGKKQLKDLFGINANRFRDLG——DLAFSIMGRHVA
SRYNGKAVEVGPLA-MWVH-PELSPMGKKQLKDLFGIEAKIFRD-GE-DMAF SLMGRHVA
SRYNGNAVEVGPLARMWIHNPELSPMGKKQLKDLYGI TAKNFRDLGE-DMAF SLMGRHVA
SRYNGKAVEVGPLARMWVHNPELSPMGKKQLKDLFGIEAKMFRDLGE-DMAF SLMGRHVA
PRYNGKPHEVGPLARMWVTNPELSATGQKAL———- GVKRLSDIG——DAAFSILGRHVA
PRYNGKPHEVGPLARMWI TNPELSATGQKAL————- GVKRMRDIG——DAAFSILGRHIA
PRYNGKPHEGGPLARMWATNPELSKTGQEAL————- GVKKLRDIG——DACFSILGRHVA
PRYNGKPHEGGPLARMWATNPELSATGQKAL———- GVKRLSDIG——DACFSILGRHVA
PRYNGKPHEGGPLARMWNATNPELSATGOKEL———- GVTRLRDIG——DACGFSILGRHVA
PRYNGKPLEVGPLA-MWVT-PELSPMGQKLL—————- DAKSFRD-G-—DAAFSIMGRHVA

790 800 810 820 830 840
T P T T P e
RAEETYYMLGAIE-—GWLKE IKAGEDTVVMPAVPASAEGTGF TEAPRGSLLHYVKVKDSK
RAEETYYMLNAIE--RWLKEVKAGEET-VASEIP-SAEGIGF TEAPRGSLLHY INIK-SK
RAEETYYMLSAIE--RWLKEVKAGEETFAAAE IPASSEGVGFTEAPRGSLVHY INIKDQK
RAEETYLIPNATE—RWLKEVKPGEET-VPSEIP-SAEGIGFTEAPRGSLLHY INIK-YK
RAEETWLTTNY IE-—RWLKEVVPGAETYVPSE IPEQAEGTGFTEAPRGSLLHYIDIKDSV
RAEETYLIANATE-—RWLKEVKPGEET-VPSEIP-SAEGIGFTEAPRGSLLHYINIK-YK
RAEEALLTANAVE--GWLKEVKPDGETFTPFEIPQSAEGYGCSEAPRGSLVHY IRVKDQK
RAEETYLIANATE-—RWLKEVKPGEET-VASEIP-TAEGIGFTEAPRGSLLHYINIK-YK
RVEEVYQTLGMIE--YWLHELEPGAQTFALPEVPQAGEGIGFTEAPRGALCHYMRVKNGV
RAEETYLVANATE—RWLKEVKPGEET-VASEIP-TAEGIGFTEAPRGSLLHY INIK-YK
RAEETYLVANATED-RWLKEVKPGEET-VTSEIP-TAEGIGFTEAPRGSLLHYINIK-YK
RAEETYLVANATED-RWLKEVKPGEET-VTSEIP-TAEGIGFTEAPRGSLLHYINIK-YK
RAEETWLTAVAVE-—KWLKQVQPGAETYVKSE IPDAAEGTGFTEAPRGALLHYLKIKDKK
RAEETYLVAKAIE-ERWLKEVKPGKETFVAASIPDSAEGIGFTEAPRGSLLHYVNIKDKK
RAEEAYMVANATE-DAWLKEVKPGEET-VKTE IP-SAEGLGLTEAPRGSLLHY INIK-SK
RAEESYLVANAIG-DIWLGEVKEGEETYVKTTMPESGEGVGLTEAPRGSLLHY INIKDSK
RAEEAYMVANATQ-DAWLKEVQPGEETYVKTEIPESAEGLGLTEAPRGSLLHY INIKDSK
RAEETLLVAKAME-—HWLDEAKPGKETFVAAATPENAEGIGLTEAPRGALLHYIDIKNYK
RAEETLLVAMOME--RWLEEAKPGLETFVAAPTPENAEGIGLTEAPRGALLHYIDIKNSV
RAEETLLVAKAVE--QWIAQATPGKETFVPAATPENAEGLGMTEAPRGALLHYVEIKNSV
RAEETLLVAKAME--QWLTQAKPGKETFVPAATPENAEGLGMTEAPRGALLHY IDIKNYK
RAEETALVAAAME--EWLTQAQPGKETFVPAPTPDSAQGLGMTEAPRGALLHY IDIKDQK
RAEETYLVANATE—HWLKEVKPGEET-VASEIP-NAEGIGFTEAPRGALLHY INIK-YK
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IDNYQIVSASLWNCNPRDDMGQRGAVEEAL IGIPVDDIQNPYNVARL IRAFDPULGCAVH
IDNYQIVSATLWNCNPRDDMGQRG-VEEAL IGIPVPDINNPVYNVARL IRAFDPULGCAVH
IDNYQIVSATLWNCNPRDDSGQLGPVERALVGTPVPDISNPYNVARVIRAFDPULGCAVH
IDNYQTVSATLWNCNPRDDMGQRG-VEEALIGIPVPDINNPVNVARL IRAFDPULGCAVH
ISNYQIVSATLWNCNPRDDMGNRGPVEEAL 1GTPVPDLENPVNTARL IRAFDPULGCAVH
IDNYQIVSATLWNCNPRDDMGQRG-VEEALIGIPVPDINNPVNVGRI IRAFDPULGCAVH
IDSYQITSATLWNCSPRDDKGRRGPLEEAL IGVQVPDINNPYNVGRT IRAFDPULGCAVH
IDNYQIVSATLWNCNPRDDMGQRG-VEEAL IGIPVPDINNPYNVGR I IRAFDPULGCAVH
IDDYAVVAASMWNCSPRDDAGKRGAVEEAL I GVPVPEVDSPVYNVGRVIRAYDPULGCAVH
IDNYQIVSATLWNANPRDDMGQRG-MEEAL IGIPVPDIKNPVYNVGR I IRSFDPULGCAVH
IDNYQIVSATLWNANPRDDMGQRG-TEEALTGIPVPDIKNPVNVGRI IRSFDPULGCAVH
IDNYQIVSATLWNANPRDDMGQRG-TEEALIGIPVPDIKNPYNVGRIIRSYDPULGCAVH
TENYQIVSATLWNANPRDDMGQRGP I EEAL IGVPVPDIKNPVYNVGRLVRSYDPULGCAVH
TANYQIVSATLWNANPRDDMGKRGPMEQAL I GTPVPDAKNPVNVGRVIRAYDPULGCAVH
TANYQMIPATLWNSTPRDDKGQRG-IEEALVGTPVPDPKNPYDISRIIRSFDPULGCAVH
TANYQMIPATLWNSTPRDDKGMRGT IEEALVGCPVPDPSSPVDISRITRSFDPULGCAVH
TANYQMIPATLWNSTPRDDKGHRGT IEEALVGTPVPDPKNPVDISRI IRSFDPULGCAVH
TANYQITSAT IWNANPRDDMGQRGP IEEALIGIPVPDIDNPYNVGRL IRSFDPULGCAVH
ISNYQITSAT IWNANPRDDMEQRGP IEQALIGIPVPDIDSPVYNVGRL IRSFDPULGCAVH
ISNYQITSAT IWNANPRDDMGQRGP I EEAL IGVPVPDVDNPVNVGRL IRAYDPUMGCAVH
TANYQITSAT IWNANPRDDMGQRGP I EEAL IGVPVPDVDNPVNVGRL IRSFDPULGCAVH
TANYQITSAT IWNANPRDDMGQRGP I EEAL IGVPVPDVNSPVNVGRL IRSFDPULGCAVH
IDNYQIVSAT IWNANPRDDMGQRG-MEEAL IGIPVPDIDNPVNVGRI IRSFDPULGCAVH

e T T e
VLHAESGKVAVIEVK———

VLHAESGKVSVVEVK-—-
VLHAESGKVSVVEVK-—-
VLHAESGKVSVVEVK————
VLHAESGKVSVVEF———-
VLHAETGKVSVVEVE-—-
VLHAETG——————————
VLHAETGKVSVVEVE-—-
VLHAKAE—————————-
VLHAETGKEHVVEVE-——
VLHAETGEEHVVNVE-—-
VLHAETGEEHVVNVE-—-
VLHAETGEEHVVNID-—-
VLHAETGEKTVVTVE-—-
VLHAETGEEHVVHVGEGC-
VLHAETGEEHVYHVGEGC-
VLHAETGEEHVVHVGEGC-
VLHAETGKTIVVDVP——-L
VLHAETGKTNVVEIP——L
VLDADTGKQIKVEVP-—L
VLDAETGKT IKVDVP——L
VLDVETGRTVKVDVP-—L
VLHAETGKENVVEVE-——
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Supplementary Fig. $9: Amino acid sequence alignment and identification of
residues involved in the cavity. Amino acid residues that have more
non-synonymous substitutions (6N - &S > 0) are marked in yellow. The residues
constituting cavities are designated in red. Assemblage names in the left column
are grouped as terrestrial origin (highlighted in yellow), clinical isolates (brown
letters), deep-sea marine vent origin (highlighted in blue), and sediment origin
(highlighted in green). Ternary structural models start with R78 and end at H900.
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