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Supporting On-line Materials 
 

This manuscript has been reviewed in accordance with policy of the National Health and 

Environmental Effects Research Laboratory, U.S. Environmental Protection Agency, and 

approved for publication. Approval does not signify that the contents necessarily reflect the 

views and policies of the Agency, nor does mention of trade names or commercial products 

constitute endorsement or recommendation for use. 

 

Methods 
 

Sequence databases 

 

The following NCBI sequence databases were used: non-redundant protein database, Sargasso 

Sea environmental protein database, Sargasso Sea environmental nucleotide sequence database, 

non-redundant nucleotide sequence database, shotgun sequence database, EST database (all 

above as of Jan 10, 2005), database of conserved domains (Oct 29, 2005), taxonomy data base 

and environmental sequence databases with accession numbers AACY00000000 (1) (Dec 23, 

2004), AAFX01000000 (Feb 19, 2005), AAFY01000000 (Feb 23, 2005), AAFZ01000000 (Feb 

23, 2005) (2), AADL01000000 (May 05, 2004), DU731018-DU796676 and DU800850-

DU800864 (Jan 27, 2006) (3). The searches utilized the PrairieFire Beowulf cluster from 

Research Computing Facility, University of Nebraska – Lincoln. 

 

Identification of redox-active Cys by homology to selenoproteins 
 

To identify Cys-containing homologs of selenoproteins, PSI-blast (4) was used to analyze 

various collections of protein sequences with the following parameters: expectation value, 10; 

expectation value for multipass model, 0.1; and number of iterations, 3. This procedure was also 

used to verify Cys/Sec pairs in homologous sequences (see below). The set of selenoproteins 

used in this search was compiled manually based on our prior experience with selenoproteome 

analyses (5-13).  

 

Identification of Cys/Sec pairs 

 

As selenoproteins are incorrectly annotated in sequence databases (mostly due to misannotation 

of Sec-encoding UGA codons), nucleotide sequence databases were used as the source of 

potential selenoprotein sequences for identification of Cys/Sec pairs. Environmental, non-

redundant nucleotide, shotgun, EST and genomic sequences were translated in 6 frames and 

analyzed with tblastn against the set of proteins that contained Cys residues. The tblastn output 

was automatically analyzed using in-house Perl scripts to identify proteins, in which Cys aligned 

with candidate Sec. Redundancy was eliminated by filtering protein gi-numbers across the 

taxonomy database. Sequences from the same organism, which exhibited more then 98% 

identity, were considered identical. Using this procedure, we filtered out multiple DNA 

sequences, which corresponded to the same protein sequence in the same organism. This 

procedure also allowed us to divide the proteins into major phyletic groups represented in the 

NCBI taxonomy database. RPS-Blast (4) against the NCBI database of conserved domains was 

then used to classify proteins into protein families. 
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All hits were clustered in pairwise alignments and tested for presence of eukaryotic, bacterial and 

archaeal SECIS elements using SECISearch tools (12). To exclude sequence errors, we only 

selected protein families, which were represented by at least three Cys/Sec pairs corresponding 

to the same location in the alignment. Families with 1 or 2 Cys/Sec pairs were selected only if a 

high-scoring SECIS element could be identified in the candidate selenoprotein sequence. For 

environmental sequences, identification of bacterial, archaeal and eukaryotic SECIS elements 

also allowed us to classify selenoprotein sequences into bacterial, archaeal and eukaryotic 

sequences. For each selected group of aligned Cys/Sec pairs, the corresponding nucleotide 

sequences were analyzed in the remaining five open reading frames to exclude the possibility 

that the correct ORF was in a different reading frame. Sequence alignments were prepared using 

ClustalW and T-Coffee. Conserved residues were highlighted with BoxShade v3.21. 

 

Statistical analysis of redox-active Cys neighborhoods 

 

Twenty random chosen representative sequences from 27 protein families shown in Table S1 

were extracted. The analysis was limited to families of proteins with more then ten amino acids 

on each side of the redox active Cys/Sec. The 21-amino acid sequences were aligned based on 

the location of Sec or Cys in the middle and frequencies of amino acids were calculated as the 

number of times a particular amino acid was observed in each position divided by the total 

number of proteins in the set. 

 

The secondary structure context of redox-active Cys was estimated for all selected proteins and 

separately for a subset of non-thioredoxin fold proteins. Secondary structures were first predicted 

with PSI Pred (14) and then the 21-amino acid sequences with Cys in the middle were extracted. 

Frequencies of secondary structures were calculated as the number of times alpha helixes, beta 

strands and loops were present in each position divided by the total number of proteins in set. 

 

AdoMet-dependent methyltransferase 

 

Mouse AS3MT structure was modeled with Modeler8v2 (15) based on the structure of mRNA 

cap (Guanine-n7) methyltransferase (PDB 1ri1). Mouse AS3MT cDNA was prepared from total 

mouse RNA using random primers and reverse transcription and subsequent amplification with 

the following primers: 5’-agatcgtgacatatggctgcttcccgagacgctg-3’ and 5’- 

gcgctggccctcgagctagcagtttttcctcttgccacagcag-3’. The product was ligated into the NdeI/XhoI 

sites of pET15b. The following primers were used for site-directed mutagenesis: Cys157Ser, 5’-

atgatattgtcatatccaactctgttatcaaccttgttcct-3’ and 5’-aggaacaaggttgataacagagttggatatgacaatatcat-3’; 

and Cys207Ser, 5’-agttttatggggggaatccctgggaggcgctctg-3’ and 5’- 

cagagcgcctcccagggattccccccataaaactttg-3’. Wild type AS3MT protein and Cys to Ser mutants 

were purified by His-tag affinity chromatography using Talon resin (Clontech) according to the 

manufacturers’ protocol. Recombinant proteins were more than 85% pure based on SDS PAGE 

analysis.  

 

Activity of AS3MT and its Cys-to-Ser mutants 
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Reaction mixtures (80 µL final volume) that contained 5 µg of wild type AS3MT or Cys157Ser 

or Cys207Ser mutant AS3MT, 1 mM AdoMet, 3 µM [
73

As]-iAsIII, 0.5 µM E. coli thioredoxin,  

0.26 µM rat liver thioredoxin reductase, 300 µM NADPH in 100 mM Tris/100 mM sodium 

phosphate buffer, pH 7.4, were incubated at 37 °C for 60 min. Reactions were stopped by 

addition of 16 µL of 30% H2O2 to oxidize and release arsenicals. Aliquots of oxidized reaction 

mixtures were chromatographed on a PRP-100 anion exchange column to separate iAs, MAs, 

and DMAs (16). Radiolabeled arsenicals were eluted with 7.5 mM phosphate mobile phase, pH 

5.8, at a flow rate of 1.5 mL per minute. A Packard flow scintillation analyzer with a scintillant 

flow rate of 4.5 mL per minute detected [
73

As]-iAs
V
, [

73
As]- MAs

V
, and [

73
As]- DMAs

V
. 

Authentic [
73

As]-iAs
V
, [

14
C]-MAs

V
, and [

14
C]-DMAs

V
 were used as standards for calibration and 

quantitation. 

 

 

Additional predicted thiol-based oxidoreductases not discussed in the main text of the 

article 

 

Hypothetical protein 1. This protein family includes proteins of unknown function and the 

Cys/Sec pair was formed with proteins detected in environmental genome sequences (Fig. S16). 

Hypothetical protein 1 is represented by only two Cys-containing sequences and dominantly 

exists in the Sec-containing form. Hypothetical protein 1 shows no similarity to proteins with 

known function. A structural alignment shows low similarity to 3-dehydroquinate dehydratase 

(PDB 1GQO), which catalyzes dehydration of 3-dehydroquinate to 3-dehydroshikimate in the 

third step of the shikimate pathway; however, the low level of similarity and the absence of Cys 

in appropriate dehydroquinate dehydratase positions preclude further functional assignment. 

Hypothetical protein 1 appears to be abundant in marine bacteria. 

 

Hypothetical protein 2. Phosphodiesterase homologs catalyze the hydrolysis of ribonucleotides, 

deoxyribonucleotides, and UDP sugars to nucleosides which are then transported into cells. A 

major function of this periplasmic protein is to salvage nucleotides which can be used as energy 

or carbon sources. We detected an N-terminal extension in a subset of bacterial proteins of this 

family (Fig. S17). The N-terminal region contained a CxC motif in which the second Cys was 

replaced with Sec in 28 environmental sequences. The presence of the N-terminal domain 

suggests a new function associated with a redox reaction involving an unidentified 

nucleotide/nucleoside. Regardless of the fact that the identified protein exhibits high sequence 

similarity to phosphodiesterase, its natural function is likely to be unrelated to polynucleotide 

hydrolysis; however, it might be linked to a new type of nucleotide modification. 

 

Hypothetical protein 3. This protein shows sequence and structural similarity with a periplasmic 

vitamin B12 binding protein which functions in a complex with transporter BtuCD and to a 

periplasmic Fe
3+

 transport component FhuD of ferric enterobactin transport system which 

delivers ferrichrome from outer membrane FhuA complex to the cytoplasmic membrane FhuB 

transport system. A small group of bacterial proteins in this family contains an N-terminal CxxC 

motif (Fig. S18) which is replaced with the CxxU motif in two environmental bacterial 

sequences. We hypothesize that the CxxC/U motif-containing proteins evolved from metal 

transporter proteins and could function in transporting an unidentified compound or metal by 

acting as an oxidoreductase. One possible function is the reduction of Fe
3+

 to Fe
2+

. A C-terminal 
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region of the protein may be involved in recognition of the FhuA complex, in iron binding, or in 

its delivery to a cytoplasmic membrane transport complex. The N-terminal domain may be 

involved in the reduction of FhuD substrate. 
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Legends to supporting figures 
 

Fig. S1. Dependence of the number of identified proteins containing redox-active Cys 

residues on the proteome size (number of protein-coding genes) in representative 

organisms. The data are plotted for indicated eukaryotes (shown in red), bacteria (black) and 

archaea (blue).  

 

Fig. S2. a) Distribution of Sec-containing proteins in the three domains of life. The total 

number of Sec-containing proteins/number of corresponding protein families in each domain is 

indicated. b) Distribution of identified redox-active Cys-containing proteins in the three 

domains of life. The total number of Cys-containing proteins/number of corresponding protein 

families in each domain is indicated. Diameters of the circles are proportional to the number of 

corresponding Sec- or Cys-containing protein families. 

 

Fig. S3-S10. Multiple sequence alignments of thioredoxins and thioredoxin-like proteins 

(S3), glutaredoxins and glutaredoxin-like proteins (S4), peroxiredoxins (S5), glutathione 

peroxidases (S6), arsenate reductases (S7), HesB-like proteins (S8) and DsrE proteins (S9). 
The alignments only show the active sites of the enzymes and their flanking regions. Accession 

numbers (GI-numbers) of the sequences and their origins are shown on the left. Predicted 

selenocysteines are shown in red and the corresponding cysteines in blue. If predicted, resolving 

cysteines are shown in green. Conserved residues are highlighted using BoxShade program 

v3.21. 
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Fig. S11. Multiple sequence alignment of rhodanese-like proteins. The alignment is limited to 

the active site of the enzymes and its flanking regions. Predicted Sec are shown in red and the 

corresponding Cys in blue. This figure shows four different families of rhodanese-like proteins 

that evolved into selenoproteins, including CD01448 (shown in red), CD00158 (blue), CD01444 

(green) and CD01524 (purple). There are additional 24 rhodanese families, for which no 

evidence of redox function could be obtained. 

 

Fig. S12. Multiple sequence alignment of MoeB proteins and their distant homologs. The 

alignment shows the active site of the enzyme and its flanking regions. Predicted Sec are shown 

in red and the corresponding Cys in blue. The alignment includes MoeB-like proteins (CD30111, 

shown in green), thiamine biosynthesis ThiF proteins (CD10349, in red), and E1-like proteins 

(CD30117, in blue). Conserved residues are highlighted by BoxShade program v3.21. 

 

Fig. S13-S17. Multiple sequence alignments of heterodisulfide reductases, Hypothetical 

protein 1 (S14), Hypothetical protein 2 (S15), Hypothetical protein 3 (S16) and OsmC 

proteins (S17). Predicted Sec are shown in red and the corresponding Cys in blue. Conserved 

residues are highlighted by BoxShade program v3.21. 

 

Fig. S18-S19. Multiple sequence alignments of methionine-S-sulfoxide reductases (S18) and 

methionine-R-sulfoxide reductases (S19). Predicted Sec are shown in red and the 

corresponding Cys in blue. Conserved residues are highlighted by BoxShade program v3.21. 

 

Fig. S20. Distribution of amino acids around redox-active Cys. Frequencies of each of the 20 

amino acids in ten positions upstream and ten positions downstream of the predicted redox Cys 

were determined for 20 representative proteins from each of the protein families identified in the 

searches. A second Cys was found to often occur in the position to generate CxxC motifs with 

redox Cys being the first or second Cys in the CxxC motif. Some proteins contained a CxC 

motif. Glutamic and aspartic acids were not found in positions -3, +1 and -3, -1, +1, +2, 

respectively, in any identified proteins. Gly was found to be enriched in the positions flanking 

the redox-active Cys. Most other residues were found to be distributed uniformly. 

 

Fig. S21. Secondary structure context of redox-active Cys. a) Secondary structure context 

was determined for ten residues upstream and 10 residues downstream of the predicted redox-

active Cys in the 10-protein sets representing 27 protein families. b) Secondary structure context 

was determined for 17 non-thioredoxin fold protein families, each represented by 10 proteins. In 

each case, a beta-strand was the predominant secondary structure element upstream of Cys, an 

alpha-helix was predominantly downstream of Cys, whereas the Cys itself was most often found 

in the loop.  
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Table S1. Proteins identified in searches for Cys/Sec pairs in homologous sequences.  

 

 
The first number in each box in the table shows the number of detected Cys-containing sequences, and the second number of 

Sec-containing sequences  

*1-Peroxiredoxin family includes the following 6 conserved domains: CDD10324, CDD10547, CDD10943, CDD11785, 

CDD12957 and CDD24441 

*2-Thioredoxin protein family includes the following 12 conserved domains: CDD10397, CDD11047, CDD11362, 

CDD11851, CDD12152, CDD12457, CDD12859, CDD13482, CDD14578, CDD23182, CDD26287 and CDD24359 

*3-Glutaredoxin family includes the following 5 conserved domains: CDD10152, CDD10564, CDD12342, CDD13716 and 

CDD15697 

Protein family Comments 
Protein 
family 

Bacterial 
Cys/Sec 
sequences 

Archaeal 
Cys/Sec 
sequences 

Eukaryotic 
Cys/Sec 
sequences 

Functionally characterized proteins containing catalytic redox-active Cys 
Methionine-S-sulfoxide reductase 
(MsrA) 

Reduction of methionine-S-sulfoxides CDD25795 767/1 11/0 47/14 

Methionine-R-sulfoxide reductase 
(MsrB) 

Reduction of methionine-R-sulfoxides CDD25798 1276/0 7/0 23/37 

Animal thioredoxin reductase (TR) 
Reduction of thioredoxins, glutaredoxins 
and some biofactors 

CDD10363 0/0 0/0 15/34 

Deiodinase (includes thyroid hormone 
deiodinases 1, 2 and 3 and bacterial 
homologs) 

Reductive deiodination of thyroid hormones 
(in animals). Unknown function (in bacteria) 

CDD1392 23/9 0/0 0/24 

Glutathione peroxidase (also includes 
phospholipid hydroperoxide 
glutathione peroxidase and other 
homologs) 

Reduction of hydroperoxides 
CDD10260 
CDD25459 

182/9 0/0 162/68 

Peroxiredoxin (Prx)  Reduction of hydroperoxides *1 873/84 64/0 298/0 
Proline reductase PrdB Amino acid metabolism CDD27462 8/52 0/0 0/0 
Thioredoxin (includes protein disulfide 
isomerases, DsbA, DsbC, DsbG, DsbE 
and other protein families)  

Reduction, formation or isomerization of 
disulfide bonds 

*2 1594/48 57/0 843/17 

Glutaredoxin (includes glutaredoxin-
like proteins) 

Reduction of intramolecular disulfides and 
mixed disulfide bonds involving glutathione 

*3 230/5 18/0 124/0 

CMD and AhpD domain-containing 
proteins 

Oxidoreduction 
CDD25931 
CDD10469 
CDD11836 

325/37 11/0 2/0 

OsmC-like protein Thiol peroxidase 
CDD25924 
CDD11475 
CDD11476 

254/3 11/0 0/0 

Formylmethanofuran dehydrogenase Oxidation of formylmethanofuran CDD29457 0/0 13/6 0/0 
F420-reducing hydrogenase alpha 
subunit 

Hydrogen oxidation or proton reduction CDD12595 100/3 17/4 0/0 

F420-reducing hydrogenase, delta 
subunit 

Hydrogen oxidation or proton reduction CDD10549 25/4 12/3 0/0 

Methylviologen-reducing hydrogenase Hydrogen oxidation or proton reduction - 18/8 11/4 0/0 
NADH oxidoreductase Electron transport CDD13801 77/1 3/0 0/0 
Formate dehydrogenase alpha chain 
(FDH) 

Oxidation of formate to carbon dioxide CDD29449 151/70 22/4 0/0 

Glycine reductase selenoprotein B Glycine reductase CDD12612 8/6 0/0 0/0 

Arsenate reductase Reduction of arsenate 
CDD17412 
CDD11108 

311/23 0/0 0/0 

Proteins with predicted redox function and catalytic redox-active Cys 
SelJ ADP-ribosylation - 36/0 0/0 5/10 
SelK homologs Function not known - 0/0 0/0 16/57 

SelS homologs 
Translocation of misfolded proteins from the 
ER to cytosol 

- 0/0 0/0 12/29 

BthD and SelH homologs  Function not known, CxxC/U motif - 0/0 0/0 4/21 
SelM homologs Function not known, CxxC/U motif - 0/0 0/0 3/30 
SelU homologs Function not known, CxxC/U motif - 0/0 0/0 48/15 

Selenoprotein P (SelP) Involved in Se transport, C/UxxC motif 
CDD24729 
CDD24730 

0/0 0/0 0/36 

SelT homologs Function not known, CxxC/U motif - 0/0 0/0 12/43 
Sep15/Fep15 homologs Function not known, CxC/U motif - 0/0 0/0 10/52 
SelO homologs Function not known CDD3203 116/0 0/0 19/14 
Selenophosphate synthetase (SPS, 
SelD) homologs 

Synthesis of selenophosphate CDD10578 104/57 3/3 10/11 

SelW-like proteins including SelV 
homologs 

Function not known, CxxC/U motif 
CDD16464 
CDD12854 

28/51 3/0 23/42 

AdoMet-dependent methyltransferases 
(arsenic methyltransferase) 

Arsenic detoxification CDD10371 36/5 6/0 20/0 

HesB-like protein Biosynthesis of iron-sulfur clusters CDD23223 189/5 4/2 0/0 
Heterodisulfide reductase Reduction of disulfides/sulfur metabolism CDD10867 12/2 9/4 0/0 

Molybdopterin biosynthesis MoeB 
family proteins  

Possible reduction of a disulfide between 
MoaD and a rhodanese 

CDD30111  
CDD10349 
CDD30117 

282/11 6/0 35/0 

Subfamily of glutathione S-transferase 
homologs 

Possible glutathione-dependent 
oxidoreductase 

CDD10495 234/8 0/0 52/0 

Rhodanese-related sulfurtransferase 
superfamily 

Multiple redox functions 

CDD01448 
CDD01444 
CDD01524 
CDD00158 

871/25 19/0 46/0 

DsrE-like protein Sulfur oxidation/reduction 
CDD15459 
CDD11267 

66/3 8/0 0/0 

Hypothetical protein 1 Function not known - 1/59 1/0 0/0 
Hypothetical protein 2 Cyclic phosphodiesterase, CxC/U motif CDD10605 8/28 0/0 0/0 

Hypothetical protein 3 
Possible iron transport/reduction, CxxC/U 
motif 

CDD29747 62/2 0/0 0/0 

Total   8267/619 316/30 1829/554 
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Fig. S1 
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Fig. S2 

a) 

 
 

 

 

b) 
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Fig. S3 
 

 
42897919 Environmental sequence -MNKLTKSELNNIYPLGENRTGKPI FIDFYADWUGPCRMFEQVLNEVTQQYEG-KIQMYKVDI 
44346764 Environmental sequence --- MELTYQNLDGELVNEDLTNKNTII VFWADYUGTCRQELPVLEANIDKLI EEYDVLALAHS 
42830445 Environmental sequence --- MELTYQNLDGEFVNENLTNKNTII VFWADYUGTCRQELPVLEANIDKLI EEYDVLALAHS 
44454992 Environmental sequence SNIKELVYEDTTGTIVNVDLTNKKTIV VFWADYUGI CREELPLLEANLTTISENYNVI ALAHS 
44323676 Environmental sequence  SDSSFSFINSDLVEDSEDFTNKKTII VFWADYUSVCRQELPVLEAELENLQEEYDII ALAHS 
44640430 Environmental sequence FGLYLFNSKRGLVLDNHNFSNFEYTIIEFYSDY ULGCTASKFIV NEFKKKHEEIPIVSVNASK 
44604412 Environmental sequence FILYLYTSRRGLTIDGHNFSNYKYTILEYYSDYULGCTASKLIV DEFKKKNPEIPIVSINASK 
21232053 X. campestris         DKAH VFDVTTDTFETEVLQKSLTTPVLVDFWATWCGPCKSLTPIL EKLAADYNG-AFELAKVDV 
23060100 P. fluorescens        SSDL I KHVSDASFEADVLKAEG--AVLVDYWAEWCGPCKMIAPVLDEI AETYKG-KLTVAKLNI 
28810438 S. pyogenes           WRKK MALEVTDATFVEETKEG---LVLIDFWATWCGPCRMQAPIL EQLSQEIDEDELKI LKMDV 
28900827 V. parahaemolyticus   SPLLDGVPIEGTLDNFSALLESSTPVVVDFWAPWCNPCVGFAPVFSDVAQEQAG-TARFVKI DT 
29345628 B. thetaiotaomicron   DKEMFLKDVFDYEKSKEWKYKGDKPAIID LYADWCGPCRQTAPIMKELAKEYAG-KITI YKVNV 
34897150 O. sativa             RVVA VHSTATWDEQWGAHKSNPNKLIVIDF SATWCGPCRFIE PAFKDMAGRFADAVFFKIDVDE 
27763683 C. reinhardtii        DRVVEVTSDQDFSAKLADVAGSGSL MICDFTAKWCGPCRMIAPVFSSLSNKYTDVTFVKIDI DN 
41053764 D. rerio               MVG VKVIGNDSDFQAELSGAGSRLTVVKFTMSGCRPCVRIAPAFNMLSNKYPQVVFLEVDVHV 
21554313 A. thaliana           NAPN MVDIHSTEEFLSALSGAGERLVIVEFYGTWCASCRALFPKLCKTAVEHPDIVFLKVNFDE 
28868894 P. syringae           SGCG VDLGTDQNGQKVASERIKGHWLVVNYWAEWCGPCRTEVPEFNALSEQLKDKKVTVLGVNF 
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Fig. S4 
 

 
44648881 Environmental sequence ENCEMIY YTWNKUSTCKKTKELLLQNNFDIVDRDI FDDPLSESEIVEFLK 
44435231 Environmental sequence ––MKVDVFTHPGUFSCRTLEEFLKTHGIDYTHFDLASDKNAAALIESKGI 
44629248 Environmental sequence MTEAI RVFWQPHUTSCI RVKDYLKERGIEFESI NIVE DGI ETLQRLGAKS 
43273236 Environmental sequence MTEAI RVFWQPHUTSCI RVKDYLKEKGIEFESI NIVE DGI ETLERLGAKS 
43851003 Environmental sequence MSTEI RVFWQPHUTSCI RVKDYLKEKGIEFESI NIVE GGI ETLQRLGAKS 
44190504 Environmental sequence ISEN I RVFWQPHUTSCI RVKDYLKQRGIEYESVNIVE DGMEDLQRLGAKS 
43771658 Environmental sequence ISEN I RVFWQPHUTSCI RVKDYLKQRGIEYESVNIVE DGMEDLQRLGAKS 
33151537 H. ducreyi             ––ML VEIY GCLSCLYCVRAKQLAEKMAIE LADFEFKFIDMIAEGISKQDL 
33519160 A. avenae              AKNK VAVFSKTYCPYCDKAKQALNSFNI KPGALEVVELDKRDDGNEIQDY 
33591804 B. pertussis           -MQK VVMYSKDYCPYCARAQALLKQRGVAD-- LEII RIDQDPSQ---RDI 
34496581 C. violaceum           -MKP VTMYTTAVCPYCVRAKQLLASKGVGG-- I NEI RIDLDPDA---RDK 
33146704 O. sativa              SGNA VVVFSASGCCMCHVVKRLLLGLGVGP---A VYELDQLAAAADIQAA 
33603860 B. bronchiseptica      MAHDI VVYATPFCAPCERLKKFLQEKQVPFRS--- VDLMMDEEAAEKLED 
39997905 G. sulfurreducens      EFPD VI IYT LSTCPHCAEAKAYLAKRGIPFTNREVDTDDEYMAELI KIFD 
34419297 B. KVP40               ---M I TIYT IPNCDGCRHAIALCKFKHVPYTVI ELQSQTDIDQLHQKLGG 
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Fig. S5 
 
 
43561023 Environmental sequence --VKKDD FTGRYVLLWWYPKADTPGUTI EGNGFRDRIQDFEDRNASIVGLSYDSPAENGAFRDK 
43541593 Environmental sequence IQRN LKDFSGKWLLLFFYPKDDTPGUTI EARAFGESLNQFEQAGMVVLGVSQDTVASHKKYRDK 
44311362 Environmental sequence NLHQLHDYI GKNLVIYFFPKADTPGUIK QACGFRDEYKNFEKYNI SILGVSYDNESALRSFRKK 
43508495 Environmental sequence NLHQLDDYKGNNLVIYFFPKADTPGUIR QACGFRDEYKNFEKYNI SILGIS YDDQSILRLFKKK 
44169693 Environmental sequence KIHSLSAYKGQRVILYFFPYADTPGUIK EACGFRNIYQEFIKNNLI VMGVSYNKAQDLRKFKDK 
43105956 Environmental sequence KEHNLNSYKGKWILLAFYYSDETFAUTAQMMALVQSLKEFNKLSAIPFGISSNSI EQHSEFAKN 
43475719 Environmental sequence QLHRLSDYRGQTVVLAWFPKAFTGGUTAECKSLRESGEKIRAFDVSYFMASCDDVKKNTAFAEK 
6435547  R. norvegicus          KDISLSDYKGKYVVFFFYPLDFTFVCPTEII AFSDRAEEFKK—LNCQVI GASVDSHFSHLAWIN 
13786925 C. fasciculata         KKVSLSSYKGKYVVLFFYPXDFTFVCPTEIIQ FSDDAKRFAE—I NTEVIS CSCDSEYSHLQWTS 
22267474 M. musculus            HDFLG----DS WGILF SHPRDFTPVCTTELGRAAKLAPEFAKRNVKLIALS I DSVEDHLAWSKD 
23471338 P. syringae            HEWLG----DS WGVLFSHPADFTPVCTTELGFTAKLKDEFAKRGVKAIALS VDPVDSHIKWIDD 
11139253 A. capsulatus          HEFIG----D HYVILFSHPDDFTPTCTTELGAFAKLEPEFTARRVKLIGLS ANALKSHFEWIKD 
23028046 M. degradans           KVRLSSFAGEKNVVVYFYPKAMTPGCTVQACGLRDSKKELEDVDAVVFGISPDPVSRLEKFIEK 
23013762 M. magnetotacticum     GKAA LADYKGKVLVLYFYPKDDTSGCTSEAKAFRDAMPEYQAAGVEILGVSKDSVASHAKFRTK 
16082618 T. acidophilum         KMRKLSDFKGQKVVLAFFPGAITSVCTKEMCTFRDSMANFNKVNAKVIGIS VDSPFSLAEFAKK 
16765025 S. typhimurium         SDVS LSQYAGKRKVLNI FPSIDTGVCAASVRKFNQLATEVEN—TVVLCVSADLPFAQSR-FCGA 
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Fig. S6 
 

 
6680075  M. musculus            LGSLRGKVLLIENVASLUGTTIRDYTEMNDLQKRLGPRGLVVLGFPCNQFGHQENGKNEEI LNSLKY 
41406084 H. sapiens             LGSLRGKVLLIENVASLUGTTVRDYTQMNELQRRLGPRGLVVLGFPCNQFGHQENAKNEEI LNSLKY 
14717812 R. norvegicus          LDKYRGCVCIV TNVASQUGKTDVNYTQLVDLHARYAECGLRILAFPCNQFGRQEPGSNQEI KEFAAG 
42916350 Environmental sequence ----------- VNVASLUGKTSQWYKELVALHKELGHRGLECLAFPCNQFGMQEPGGAAEVEACVRA 
44608250 Environmental sequence LSTYSGQFCLIVNVASAUGLTP- QYAGLRTLHNETDD—LNVLGFP- CNQFGAQEPGSDEEI LDFVTN 
44102119 Environmental sequence FSE YKEQALLIVNLASQUGLTP- QYTGLCALEKQRDD—LTVLGFP- CNQFGSQEPGTDKEI LSFAKE 
43527571 Environmental sequence -------- MLVVNVASQUGLTSQNYKELVQLDNKYEN—LVVAAFP- CNQFGAQEPGSAADI KAFAGK 
21913146 C. reinhardtii         FKSLNN RVVLVVNVASKUGLTAANYKEFATLLGKYPATDLTIVAFPCNQFGGQEPGTNAEI KAFASA 
18026892 H. brasiliensis        LSTYKGKVLLIVNVASQCGLTNSNYTELTQLYQKYKDQGLEILAFPCNQFGSQEPGTNEQI VEFACT 
20147455 B. napus               LDKFKGKPLLIVNVASKCGLTSSNYTELSQLYDKYRNQGFEILAFPCNQFGGQEPESNPDI KRFVCT 
18028086 R. sativus             LSKFTGKVLLIVNVASKCGLTQGNYKELNI LYAKYKTKGLEILAFPCNQFGSQEPGSNKEI KDNICT 
19745714 S. pyogenes            LAAYKEKVVLIVNTATKCGLTP- QYQALQALYDTYHDKGFEVLDFPCNQFLNQAPGDAEEI NHFCSL 
16125974 C. crescentus          LADYRGQVLLIVN TASKCGFTP- QYEGLEALYKAHKDRGFTVLAFPCNQFGAQEPGNAEEI ANFCSL 
15838488 X. fastidiosa          LADWRGQVLLLVNVASRCGFTP- QYAGLEMLWQRYRDAGLI VIGFPCDQFAGQEPGDEAKI AEFCTL 
7433111  C. reinhardtii         FKDLE GKAVLIVNVASKCGFTP- QYKGLEELYQQYKDRGLVILGFPCNQFGGQEPGDASAI GEFCQR 
15596484 P. aeruginosa          --- YAGKPLVVVNTASHCGFTP- QFKGLEALYQRYKGQGLEVLGVPSDDFK- QEAADTAETAKICYG 
23105542 A. vinelandii          LAQFRDKVVLVVNVASKCGLTP- QYAGLEKLHLQYRERGFSVLGLPCNQFAGQEPDNEAQI REFCSL 
19553787 C. glutamicum          MADWAGHLLLIVNVASKCGLTP- QYEGLQKLYEEYQDRGFFVIGVPCNQFNGQEPGTDAEVCAFAQN 
585223   B. taurus              FKQ YAGKYIL FVNVASYCGLTG-QYVELNALQEELEPFGLVILGFPCNQFGKQEPGENSEI LATLKY 
1708061  D. immitis             LAEYRGKVLLLVNVATYCAYTF- QYNDFNPMLENNSNGTLKILAFPCNQFLLQEPAENHELLNGLKY 
544436   W. bancrofti           LTEYRNKVLLIVNVATYCAYTM-QYRDFNPI LGSNSNGTLNILGFPCNQFYLQEPAENHELLNGLKY 
17550320 C. elegans             LSQYRGKVILLVNVATFCAYTQ-QYTDFNPMLEKYQAQGLTLVAFPCNQFYLQEPAENHELMNGLTY 
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Fig. S7 
 

 
44513405 Environmental sequence KY TLYHNPRUGKSRGVVSLLNEYKI NYTLVEYLKNPLDVDDVLLLSKKLGLA-PGEFVRKNEKEFKENDLD 
43340045 Environmental sequence KYVLYHNPRUGKSRGAVLLLNERNI TFDVIEYLKNPLTKEEVLI LAEKLGMH-PGEFVRKKEKEFVENKLY 
43472556 Environmental sequence D LVLYHNPRUGKSRGAVSLLKEKDLEFSIVEYLKTPLTKDEVLSLSKKLGMP-PADFVRRSEADFKANQI K 
44484681 Environmental sequence D LVLYHNPRUGKSRGAVSLLKEKDLEFSIVEYLKTPLTKDEVLSLSKKLGMP-PADFVRRSEADFKANQI K 
44278052 Environmental sequence - MVLYHNSRUGKSRGAVSLLKEKNID FI IIEYLKTP LTEGEI IL LSQKLGKS-PAEFVRRSERDFKDNQLH 
43239390 Environmental sequence DKILYHNPRUGKSREAVLLLEQMNIE FEIIEYLKTPP NKNDI ID I AKKLGKR-PKNFLRVKEKDFKQHDI K 
44586697 Environmental sequence KYI IYHNSRUGKSRSALQLLRDSNIEP QIIDYIK NPPSIA ELKRI SRLLGLD-PSKWIR KTEKDYKNNNLK 
44565900 Environmental sequence - MTVYHNNRUGKSRKVLQLLRDNNI NFTIIEYLK EPI SHNELHNI CQILAI T-PIE LVRTNDKYFKTLNVN 
44565893 Environmental sequence - MTVYHNNRUGKSRKVLQLLRDNNI NFTVIEYLKEPIN HDELHNI CQILGI R-PIQ LVRTNDKYFKGLNVN 
43995796 Environmental sequence N VTIYHNPHUGSSRNALAVAEEMGVEHDVVLYIK EPPDEKTLRAI AEGLEDP-VEDLVRKDSK-FKKLELN 
16123247 Y. pestis              D VTIYHNPRCSKSRETLALVEQQGI TPQVVLYLETPPSVDKLKELLQQLGFSDARQLMRTKEDLYKTLNLD 
1073863  H. influenzae          S VI IYHNPHCSKSRETLALLENKGI QPI I ELYLQKQYSVNELQSI AKKLGIDDVRQMMRTKDELYKSLNLD 
28868893 P. syringae            D LTLYHNPRCTKSRGALELLQARGLTPDII LYLETPPDAGTLHDLLGKLGIS-ARQLLRTGEDDYKQLNLA 
15675953 N. meningitidis        E I KIFHNPRCSKSRAALSLLEERGI AAEVVKYLDTPPDLSELKDI FNKLGLASARGMMRVKDDLYKELGLD 
23014994 M. magnetotacticum     T ITIYHNP ACGTSRNTLGLIR NSGAEPRVIEYL LTPPTRDELVGLIAGMGIA-VRDLLRKKGTPYADLGLD 
5915690  A. multivorum          N ITIYHNP ACGTSRNTLEMIRNSGNEPTVI HYLENPPSRDELVKLIADMGIS-VRALLRKNVEPYEELGLE 
26250123 E. coli                N ITIYHNP ACGTSRNTLEMIRNSGTEPTII YYLETPPTRDELVKLIADMGIT-V RALLRKNVEPYEELGLA 
27378195 B. japonicum           S VTIYHNPECGTSRNTLAMIRQSGAEPTVIEYLKTPPSRETLKQLIAA MGIS-VRALLREKGTPYKELGLA 
15964828 S. meliloti            T VTIYHNPACGTSRNTLAMIRNAGI EPTVVEYLKNPPSRAELEAMIAAAGLT-V RQAIR EKGTPFAELGLG 
16125750 C. crescentus          P ITIFHNP ACGTSRNTVAMVQAAGYAPQVVEYLKTGWTREQLQDLAAKSGGS-LRALMREKGTPAETLGLL 
38505862 Synechocystis sp.      M I VIYHNPDCGTSRNVLQLI EAAGYLPQVIEYVKEGWTKPQLLGLFAAADLT-P RSALRTTKSPAAELNLL 
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Fig. S8 
 
 
1591288  M. jannaschii          DEA KKFI LDKLKKANQDKVVIY FEGFAUGGPKFGIAIAHPN- ENDKLI YDNEFKVYID PIA DQW 
45047123 M. maripaludis         EEAM VFINEKISDTGSKDLI VFFEGFGUGGPKFGIDTASKI LETDEKI YDEDFRI FID KMARQV 
47118322 C. perfringens         AYTEFKSFLQENGVEKFDIRI NLAGVGUGGPVFNIVL DEQ-SDNDEVVKIEDI TFFVDKELVKD 
39996309 G. sulfurreducens      D AAKAVLAPIVGEHPGKILRVVFEGFGUGGPRLGLVLDEP-ADNDARMVLNGIEVAVTSNFRSL 
51854827 S. thermophilum        E AAAEIARRLEGKPEKVGFRIFVQGYGUGGPSLGLALEEP-RETDVTI VEGDARVYLEQQVAKW 
46579793 D. vulgaris            ARKELEAYFAD--KQKTP IRVYLAPGGUSGPRLALALDEP- NESDNVFKEGDFTFCVNSDLLSQ 
50874889 D. psychrophila        AID KLKEYMEQN-KI DSALRI ALMQGGUAGPSLGLALDEP-KDNDKSFDFDSI TFLIE ESLLET 
48785105 B. fungorum            AADKVKQLIEEEGNADLKLRVFVQGGGCSGFQYGFTFDEAVNEDDTVMNKSGVQLLID SMSYQY 
44554993 Environmental sequence AADKVKQLIEEEGNADLKLRVFVQGGGCSGFQYGFTFDEAVNEDDTVMNKSGVQLLID SMSYQY 
45520124 R. eutropha            AADKVKQLIEEEGNAELKLRVFVQGGGCSGFQYGFTFDEEVNEDDTTMVKNGVTLLID SMSYQY 
54031087 Polaromonas sp.        AAAKVAELI AEEGNPDLKLRVFVQGGGCSGFQYGFTFDEIT NEDDTTMTKNGVSLLID AMSYQY 
47572999 R. gelatinosus         AAGKVKELVEEEGNPELKLRVFVQGGGCSGFQYGFTFDEI VNDDDTKMEKNGVMLLID AMSLQY 
52005978 T. denitrificans       AASKVKSLIDEEGNPDLKLRVFVSGGGCSGFQYGFTFDEAQNADDTVMVKNGVTLLVDSMSFQY 
33598389 B. parapertussis       AAAKVKDLLAEEGNPELKLRVFVQGGGCSGFQYGFTFDEVVNDDDTVLDKAGVQLLVDPMSFQY 
53759505 M. flagellatus         AARKVKELIDEEGSPDLKLRVFVSGGGCSGFQYGFTFEETINEDDTTVDKDGVTLLID PMSLQY 
56475933 Azoarcus sp.           AAMKVKELIEEEGNPELKLRVFVSGGGCSGFQYGFTFDEEVNEDDTAFEKNGVTLLVDPMSYQY 
34105000 C. violaceum           ACAKVQDLI AEEGNPDLKLRVFVTGGGCSGFQYGFTFDEIA NEDDTAI ERQGVTFLVDPMSYQY 
43148776 Environmental sequence AVAKVRELIEEE ENPDLKLRVFVTGGGCSGFQYGFSFDESQEEDDTVIERDGVKLLVDSMSYQY 
53758707 M. capsulatus          AAQRVSELLAEEGDQNLKLRVYVTGGGCSGFQYGFTFDEVVNEDDTVVEKNGVSVLVDPMSLQY 
32029699 H. somnus              AANKVKTLI SEEENTELKLRVYITGGGCSGFQYGFTFDEKTNDGDLIV ENSGVKLVVDPMSLQY 
15602323 P. multocida           AANKVKALI SEEENPNLKLRVYITGGGCSGFQYGFTFDEKVNDGDLTI EKSGVHLVID PMSLQY 
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Fig. S9 
 
 
44260962 Environmental sequence EK I IESIKGVGMPSLKELMENILNEKVPI YI UGGCAEARGVSES------ 
43490440 Environmental sequence DKI IESIKGVGMPSLKELMENILNEKVPI YI UGGCAEARGVSES------ 
26249943 E. coli                NQ LTSPASDE-FDLVRSWQQLNMQHGVALNI CVAAALRRGVVDETEAGRL 
24053808 S. flexneri            NQ LTSPASDE-FDLVRGWQQLNAQHGVALNI CVAAALRRGIVDETEAGRL 
56415370 S. enterica            NL LTSPASDE-YDLVRAWQKLNTQHGVALNI CVAAALRRGIIDETEAGRL 
44011039 Environmental sequence NL LTSPASDE-YDLVRAWQQLNQQHGVTLNI CVAAALRRGVVDETEAKRL 
51597998 Y. pseudotuberculosis  NQ LTAPASDE-FDLVRAWQQLAAEQAVTLNVCVAAALRRGITDQHEAEQL 
50122961 E. carotovora          NQ LTSPANDE-FDLVRGWQQLGDVHQVALNVCVAAALRRGIADSQQATQL 
37524435 P. luminescens         NQ LTSPASDE-FDLVSAWQMMATEHRFSMHI CIAAALRRGVIDAQQASEL 
37681219 V. vulnificus          TE LTVPANDE-FHLTKAWQQLAKQHNVRLETCVAAALRRGVVSQSEASQH 
48868941 H. influenzae          NA LVYPANDE-VNLQKHWQMFSITHNVPLHLCVAASQRRGVVDN--LTTP 
15597801 P. aeruginosa          SANVVS GQDE-FDLPAAWRELVERNGLDAVVCIAAALRRGVLNAEEAERY 
53612706 A. vinelandii          ADSIVTP QDE-SDLPAQWRAFVERHALDAVVCVAAALRRGVLDSREAQRY 
50085033 Acinetobacter sp.      NN LQWVPDDQ-RNLMREWQKLSIR---- LPVCVSAALNRGITDEENAKRH 
44493175 Environmental sequence TR LATPPQDD-RHI PNRWSELAKEHNI DLVLCVAAAQRRGMVDPDEMKRN 
43771839 Environmental sequence TR LATPPQDD-RHI PNRWSELARENNI DLVLCVAAAQRRGMVDPDEMKRN 
44430522 Environmental sequence TR LATPPQDD-RHI PNRWSELAKEHKI DLVLCVAAAQRRGMVDPDEMKRN 
14285420 A. vinosum             TR LTTPPQDD-RHIV NRWAELAEQYELDMVVCVAAAQRRGIVDEGEASRN 
52006365 T. denitrificans       TR MGEPPQDD-RNVTTRWSKLAEEHGI DLVVCVAAALRRGIKD------- 
 
 



 

 16 

Fig. S10 
 
 
44505793 Environmental sequence MTSKYHLIS FVTUPWVQRAVIVL RAKNVEFEVTHI TAD-NKPDWFLEVSPHGKVPLLMVDQEV 
42992680 Environmental sequence MAKNIHLIS SVTUPWVQRAVIVL RTKEVEFDVTYINL R-EKPDWFLKIS PHGKVPVLKVDDEI 
43211849 Environmental sequence YNKYPI LYTFRRUPWAI RARMALSESKI TI ELREI SLK-DRPDSLYKISAKGTVPVLQI NKDQ 
46324676 B. cepacia             STLQY HLVSHVLCPYVQRAVIVL TEKGVPFERTDVDLS-NKPDWFLRISPLGKTPVLVVDGAP 
54031150 Polaromonas sp.        MASQ LTLIS HKLCPYVQRAAIVMAEKCI SFERQDIDL A-HKPDWFLKVSPLGKTPVLRVDGEA 
17547313 R. solanacearum        PDST LTLIS HPLCPFVQRAAIVL LEKGVPFERI NVDLA-AKPDWFLALSPTGKVPLLKVVRAD 
50120521 E. carotovora          LNAQ LTLIS HPLCPFVQRAAIVL LEKNVSFERI DVDLA-AKPDWFLALSPMDKVPLLKVELAD 
22038178 A. tauschii            GGDD LKLLGAWPSPFVTRVKLALALKGLSYEDVEEDLY-KKSELLLKSNPVHKKIP VLI HNGA 
20143562 O. sativa              GRDE LKLLGMWASPYVSRAKLALQLKGVSYEYI EEDLG-NKSDLFLRSNPVHKTVPVLI HNGN 
8052535  A. thaliana            MADE VI LLDFWPSPFGVRARIALREKGVEFEYREENLR-DKSPLLLQMNPVHKKIP VLI HNGK 
1737447  E. globulus            MAEE VI LLDFWPSPFGMRAKIALREKGVHFDLREEELLSNKSPLLLQMNPVHKKIP VLI HNGK 
11385507 Z. mays                ---A VRLVGSFASPFVHRAEVALRLKGVPYELI LEDLG-NKSELLLAHNPVHKLVPVLLHGDR 
29290335 P. acutifolius         SQEE VTLLGATGSPFVCRVKI ALKLKGIEYKYVEENLA-NKSEQLLKYNPVHKKVPVFVHGDK 
47222286 T. nigroviridis        AKDH IRL YSMRFCPFAQRTKLVLIA KGIKHDTI NINL K-DKPDWFLEKNPLGLVPTLETAAG- 
15808378 T. rubripes            PEGH IRL YSMRFCPFAQRTRLVLNAKGIKYETI NI HLK-DKPDWFLQKNPLGLVPTLETPAG- 
55250043 D. rerio               PNGQ IRL YSMRFCPFAQRTRLVLTAKGVKHDI I NINL V-SKPDWFLKKNPFGTVPVLETSSG- 
49900006 X. tropicalis          SEET IRVYSMRFCPYAQRARLVLAAKGIKHEVI NINL K-NKPDWFIEKSPFGLVPSLETSSG- 
50927069 R. norvegicus          PEGV IRI YSMRFCPYSHRTRLVLKAKSI RHEI I NINL K-NKPDWYYTKHPFGQVPVLENSQC- 
21311857 M. musculus            PEGV IRI YSMRFCPYSHRARLVLKAKGIRHEVI NINL K-SKPDWYYTKHPFGQI TVLENSQC- 
31873364 H. sapiens             PEGS IRI YSMRFCPFAERTRLVLKAKGIRHEVI NINL K-NKPEWFFKKNPFGLVPVLENSQG- 
46518247 C. gigas               EAGT LRVYSMRFCPYAQRALLVLTYKNI PHEVVNINL K-NKPEWFLQKNPLGRVPTLEKDD-- 
21355779 D. melanogaster        DDGV LRLYSMRFCPYAQRAHLVLNAKNVPYHSVYINL T-E KPEWLVEVSPLLKVPALQLVAEK 
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Fig. S11 
 
 
44275476 Environmental sequence WLNFINRGKDKTFKTPEQI FEI LNNAGVDPEKQI VTYUQ--GGI RAAHVMFVLALVSTFSPNINYDRVKVYDGSMGEWA 
43834666 Environmental sequence WLEFIDENNNNKFKSQNEI ESI LNKQNITYEKQI ATYUQ--GGI RAAHVFVVLKLI G-------YKN I KVYDASMGEYA 
44586938 Environmental sequence WFNLMDR-QTHLFRSEEDI KAI LADNGIALDKAIY TYUQ--AGVRAAHANFVLQLI G-------QSEARVYD GSMGEWA 
49176232 E. coli                WTELVRE-GELKT--TDELDAIFFGRGVSYDKPI IVS CG--SGVTAAVVLLALATLD-------VPN VKLYDGAWSEWG 
37525471 P. luminescens         WTMLVEN-GHFKS--ETEI TDIFHKQGVDLNKPVITS CG--SGMTAAVLVLGLDII G-------KKD VYLYDGSWAEWG 
9658033  V. cholerae            FAELITG-HKLKE--QA ELRPLLTHMLPETAQEYLFSCG--SGVTACIVLLAAYVCG-------YKN LSVYDGSWTEWG 
24372842 S. oneidensis          FGEVLNG-YKMKS--TTELQAIFQALVGNKALR-IFSCG--SGI TACILILASVVA G-------HKSAVLYD GSWADWG 
54302561 P. profundum           FSQLIKD-GFFI D--KEL LVNRFNAVS-DI EQRLIFS CG--SGVTACVLALGAELAG-------RKM LTVYDGSWTEWG 
50905511 O. sativa              FLEMFDDAPMLLP--AD EI RKKFEQAGISLDRPI VVTCG--SGVTACIL ALGLYRIG-------KQD I PVYDGSWTEWE 
4406372  D. glomerata           FPQILDASQALLP--AD ELKKRFDQEGISLESPI VTSCG--TG VTACIL ALGLHRLG-------KSD VAVYDGSWTEWG 
39996033 G. sulfurreducens      YNEA-- HIPTAVSI PFAELEKNPALLTASKDRLLVFYCGGVTUVLSPKSAGLAKKSGYE-------K VRVYLDGEPEWK 
45360053 R. xylanophilus        YRQG--HLPGAVRYESAEQVRKLAPQKDAF-IVAY-- CSNFNUHSSTRVARELAAMGYE-------N VYDYEGGKQDWV 
34557042 W. succinogenes        FRES--T IPGSI GVSDGKFKELWGRLPMDPNTKVVVFCGGYECELSHSVAGHMVAMGYK-------NFMTYS GGTPEWK 
48834389 Magnetococcus sp.      YAAG-- HLPGAVNI PLKDLEANLALLPAGQEVVAY-- CRGPWCVLAFDAVARLRARGI--------KARR LQDGLPEWR 
46106717 R. xylanophilus        YRAG-- HIPGALSVPLERLEAYLAEI PKDQEI VAY-- CRGPYCVFADEAVALLRSRGY--------RARR LQEGLPDWR 
52007258 T. denitrificans       YQAG--HIPGAVNI PI DELPHHLEALPQGQEI VAY-- CRGPYCMLAFDAVATLRQAGY--------QARR LEDGFPEWK 
46317410 B. cepacia             FTEG-- HLPGALNI PLSELDARVSELPAGTEI VAY-- CRGPYCVFAVEAVAALRARGF--------KAAR LEDGFPEWK 
54029015 Polaromonas sp.        FTSA-- HLPRARSLPVDELKKRLNELPKDVPIVAY-- CRGPFCLMAKDAVELLRKKGY--------RAFH LTDGVAEWR 
48838221 M. barkeri             YEMM--HIPGANSI PLEDLEKHLATLPINQEI VAY-- CRGRCCLLSVEAVEI LRAHGF--------KAVR LEASVQEWL 
54025306 N. farcinica           YSAG-- HIPGAI NI PI DQLSDRI AELPADTEI VVY-- CRGEYCVFAYDAVRLLTERGR--------RAVR LRDGMLEWR 
3955039  S. peucetius           YLAG-- HIPGAVCI PVAELTDRI GELAKDTEVVVY-- CRGEYCALAYDAVRLLTDHGR--------RAIR LNDGMLEWR 
15607465 M. tuberculosis        YQAG--HIPGAI NI PI AELADRLAELTGDRDI VAY-- CRGAYCVMAPDAVRIARDAGR--------E VKRLDDGMLEWR 
20807605 T. tengcongensis       YEQA-- HI KGSISI PLEELPNHLNCLSKDKLIVTY-- CASYECTSCIEAAELLANYGF--------N VKVYRGGTKEWI  
46581156 D. vulgaris            FPIPDMNDWNMAETGDKSQQDFEALLGPDKNRPLVFYCGFVKCTRSHNGAVWAQKLGYT-------N VYRMPGGIVAWK 
50874889 D. psychrophila        WTSSEFKI KGAHRANPGKLDTWKSKFAKDKKIVLYCAUP--NEST SASLARKLTADGFS-------S VHALKGGWREWS 
48847313 G. metallireducens     AVGAINLPNDGPADIERIKQME LPFTKKDEII V- YCSUA—-GEQASARVALVLIERGFT-------KTYVVR GGRQAVF 
53760573 R. eutropha            VPIE-- RIPGAVVVDMHGPLDALGGQLESRDI VVYCACP--NE I SAAIL AERLRVAGYG-------KTWA LAGGFDEWK 
48768248 R. metallidurans       APIE-- RIPGSI VMEI KGPFDTLSGHDASSDFVVYCACP--HE MSAAVLAERLRTAGYP-------NTWA LAGGFDEWK 
15596406 P. aeruginosa          DEPS--G IPGAI PVELNVSLKDLPGDLRDASIVIY CACP--HE LSAAMLAQRLNASGFT-------RTWA LAGGLDAWR 
33603950 B. bronchiseptica      RDEQ-- RIPGAI AMDLRAPLQDLQFDPEAGDI VVYCACP--NE VSAAQLAKKLRAAGYR-------NTFA LRGGYEAWR 
54029683 Polaromonas sp.        RAGGG-I IPGALVWSDLDRKMASLDLPHDAHVVVYCACP--NDASAAQVAKRLMAAGFS-------N VRPLHGGIDAWE 
48782625 B. fungorum            RKLDPFV IPGTQFADERQLDEI VATYPRDQKLVIY CSCP--NE I SAAWMARQLNEAGFS-------D VLPLRGGMEAWR 
44357259 Environmental sequence RALDPFVIPGSQFADERQLDEI VATYPHDQKVVIY CSCP--NE I SAAWMAKQMNEAGFA-------D VLPLRGGMEAWR 
44624393 Environmental sequence RKLDPFTIPGAQFADERQI GDIVSRYPFSQKFVVYCSCP--NEFT AALMAKRLLDAGFT-------DALA LRGGLDAWR 
21242497 X. axonopodis          RQLQPYT IPGAVFADERQLAQILASVPRDRSVVIY CACP--DE VSAAWLAARMRERGYR-------D VRPLLGGLDAWR 
17548617 R. solanacearum        RMSQPH RIPGAMLYDMSAKDGPI EIEGPDREI VIY CACP--NEAS AVMLARTLMGRGFR-------R VRPLHGGIDAWM 
47573188 R. gelatinosus         AGLDLR HIPGAWRVELSEVATHASQLPRDREI VLYCNCP--NEAS AATAAQALRAAGLP-------R VRPLAGGLEGWA 
53730919 D. aromatica           VAETG-P I TGATVAEHDRLLDAVGEWPKNLPIVTLCACP--EDAGAIQAARQLLNAGFL-------S VRPLKGGYEAWL 
50874889 D. psychrophila        YENG-- HIPGAKLI PVGQLESRLDELP--K DKPLVVYUA--IGGR SRVAVQLLAGKGFS-------K I YNLSGGINAWE 
46112894 Exiguobacterium sp.    FKGN-- HI KGFKNI PLQVLPTQLDKI P--K DKEVIVI CQ--SGMRSKQAVKQLKKAGYT-------Q VTEVSGGMNAWR 
46142555 M. burtonii            FNSG-- HLEGAVNI EVSQLGTRLNEAP--A DKVI LVYCR--TG VRSVRASKTLVNAGYT-------D VYNMKGGIMAWM 
46198460 T. thermophilus        FAGE-- RI QGAVNI PI RDLPKRVGELP--KGKPI IVY CK--VGHRGSMAMMFLRGQGY--------N VQSI SGGLDGWK 
48847131 G. metallireducens     FGQG--RLQGAVLI PI NEVERRI GEI P--RNRPVVVYCA--VGSRSGLVAGFLSRKGYR-------E VYNMADGIVGWY 
46580382 D. vulgaris            YAEG-- HIPGAMLMPLADLADGMRQLP--A ENPLLVYCA--IGGR SRI AAQLLAGNGFS-------K VMNLSGGFKAWN 
53691784 D. desulfuricans       YRQG--HLPGARLVPMGELSDRLDELE--R DGPTLVYCA--IGGR SRVAAQMLAGKGFK-------H VIN MAGGFKDWE 
43887282 Environmental sequence YEIC--S LPDSKLI PLGDLTSRVHELD--TADDI IVY CH--HGMRSLQAARMLKGMGYK-------K VRNLAGGIDAWA 
52006282 T. denitrificans       YAAG-- HIPKAKHI PLGQLQSRLSELDKHKNKPVLVTCR--SGNRSAHACRILKKAGFE-------S VYNQAGGILAWE 
53757119 M. capsulatus          FAEG-- HI EGAYHI PLGKLEERASEI AQYKEKPVIVT CQ--QGTRSPSACKTLTKQGFS-------R I YEMRGGMLAWR 
53729577 D. aromatica           YASG-- HLPDAKNI PVAKLADRI GELEKFKDKPI IVCCA--TG MRSNKACAELKKQGFD-------K LHNLAGGVDAWV 
56420601 G. kaustophilus        YAFG-- HIPGAVSI PLGELENRMAELP--K DKTIY VVCR--TGTRSDLAAQKLAEKGFD-------R VRNVIP GMSQWN 
23099356 O. iheyensis           FDKG-- HI LGARNI PMTQMKQRLIE MR--K DKPIY LYCQ--GSSRSARAAQLLHKKGYK-------E I YQLKGGFKKWT 
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Fig. S12 
 
 
44612327 Environmental sequence L VSAAIFRFQGQVTIF DPESGGPCYRCLYSEPPPAALVPSUAVAGVLGVLPGVVGLIQATEVIKLI LEN 
43231982 Environmental sequence L VSASIFRFQGQI TIF DPESGGPCYRCLYSEPPPAALVPSUAVAGVLGVLPGVVGLIQATEVIKLI LDN 
43257063 Environmental sequence L VSASIFRFQGQI TIF DPESGGPCYRCLYSEPPPAALVPSUSVAGVLGVLPGVVGLIQATEVIKLI LEN 
43262145 Environmental sequence L VSASIFRFHGQI TIF DPDSGGPCYRCLYSEPPPAALVPSUAVAGVLGVLPGVVGLIQATEVIKLI LEN 
42946779 Environmental sequence L VSASIFRFQGQLSVFDPASGGPCYRCLYSQPPPASLVPSUAVAGVLGVLPGAVGLMQATEVIKLV LVE 
2950364  Synechococcus sp.      N VYGSIFRFEGQATVFNYEDG- PNYRDLYPEPPPPGMVPSCAEGGVLGILPGI IG VIQATETVKII LGQ 
22299946 T. elongatus           N VYGSIFRFEGQATVFNYEGG- PNYRDLYPEPPPPGLVPSCAEGGVLGILPGI IG VIQATETIKII LGK 
37522981 G. violaceus           N VYGSIFRFEGQSTVFHYEDG- PCYRCLYPEPPPPGLVPSCAEGGVLGILPGVIG VIQATEAVKII LGI 
45545541 R. xylanophilus        N VYGSIFRFEGQASVFWAEEG- PCYRCLYPEPPPPGLVPSCAEGGVLGILPGAIG VIQATETVKLI LGI 
53796678 C. aurantiacus         N VYGSIFRFEGQATVFSARDGGPCYRCLYPEPPPPGLVPSCAEGGVLGVLPGVIG TIQATEVIKLL TGI 
53610625 A. vinelandii          N VHASIFRFEGQASVFYAKEG- PCYRCLYPEPPPPGEIP GCAEGGVLGVLPGLLGVVQATEVIK RI LGI 
48834858 T. fusca               Y VWGSIFRFDGQVSVFWNEYG- PNYRDLYPEPPPPGMVPSCAEGGVLGVLCATIG SVMANEAIKLI TGI 
54659256 C. hominis             L LDSGTEGFNGHSRI IIPGET-S CYECTMGLNVQDTNFPLCEIKEFPRTPIHCIA YANFIYEEDEQD-- 
21464561 A. thaliana            M VDGGTEGFKGHARVILPGVT- PCFECTIYLF PPQVKFPLCTLAETPRNAAHCI EYAHLIQWETVHRGK 
6855414  L. major               L LESGTLGTKCNMQPAIPFVT-ESYSS--SYD PPEKGIP LCTLKNFPNAI EHTI QWARDLFHLLFVSVP 
17539268 C. elegans             L LESGTMGTKGNTQVVYPYLT-ESYSS--SVD PPEKEIP VCTLKNFPNEI QHTI QWAREQFETFFAQPG 
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Fig. S13 
 
 
12642418 C. hydrogenoformans   ITKK ALVIGGGIAGIQAALDIADAGYQVI LVEKEPTIGGKMAHVDKTFPTLDCSSUI STPKMAAAAHDP 
15669884 M. jannaschii         VDKSCLIIGGGIAGIQAALDLGDQGYKVYLVEKEPSIGGRMAQLAKTFPTDDCALUILAPKMVSVANHP 
45359260 M. maripaludis        VDKSCMVIGAGIAGIQSALDLGDQGFKVYLVDKDESIGGRMAQLAKTFPTDDCAMUILAPKMVSAANHP 
20093689 M. kandleri           VENSVLIIGGGIAGIQAALDLADQGFKVYLVEKEPTIGGNMARLAKTFPTDDCAMUILAPKMVQVGNHP 
15679380 M. thermautotrophicus VDDKALVIGGGVAGIQTALDLADMGFKTYMVEKRPSI SGRMGQLDKTFPTLDCSMCILAPKMVDVGKHD 
46580807 D. vulgaris           VTKRVLVIGGGVAGIQAALDCADGGVEVVLVERESTIGGKMAKLDKTFPTVDCSSCILGPKMVDVAQHP 
23475491 D. desulfuricans      VTRRALVIGGGVAGIQAALDCADAGIE VI MVEREPSIGGKMAKLDKTFPTVDCSSCILGPKMVDVAQHP 
48847469 G. metallireducens    VTKRSLVIGGGIAGIQAALDIADAGHQVVLVEREPSIGGHMAQLSETFPTLDCSQCIMTPKMVDVANHP 
39995201 G. sulfurreducens     VTKRALVIGGGIAGIQAALDIADAGHKVVLVEREPSIGGHMAQLSETFPTLDCSQCIMTPKMVDVANHP 
21674069 C. tepidum            ITRRALVIGGGIAGIQAALDIAGAGREVI LVEREPSIGGHMSQLSETFPTLDCSQCIL TPRMVEAI QHP 
20091692 M. acetivorans        A SRNVLIIGGGVAGIEAALNLAEAGFPVTMVEKESTIGGKMALMNEVFPTNDCSICVLAPKMTEVQNHP 
21226158 M. mazei              A SRNVLIIGGGVAGIEAALNLAEAGFPVTMVERESTIGGKMALMNEVFPTNDCSICVLAPKMTEVQNHP 
48838060 M. barkeri            A SRNVLIIGGGVAGIEAALNLAEAGFPVTMVEKESTIGGKMALMNEVFPTNDCSICVLAPKMTEVQNHP 
53731435 M. burtonii           AN KDVLVIGGGVAGIEAALTLADSGTHVYMVEKEPTIGGKMALLNEVFPTNDCSICVLAPKMTDVQNHT 
11498837 A. fulgidus           I ERSVAVIGGGVAGIEAALTLADSGIK VYLIEK NPTIGGHMATLNEVFPTNDCSICILAPKMSDVWNHE 
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Fig. S14 
 

 
83952997 Sulfitobacter sp.      VRHYTKPTFAKPCPDTLRHQI RDECDFLVEGLADUGSCTTCSMHDTVWFEIQ GIPSVSI ASSVFGQAAETQRKALGMEGARYVLVPHPI  
43365817 Environmental sequence VKRYKKPTFARVAPKELNQQI SVECDAVI EGLADUGSCTSCSLHDI MDLEGRGIPSGFI ASCEFEQAANAQGKSLGISPAR- VFVAHPI  
85762167 Environmental sequence VVRAI KSNYSAPADAHIV EEA- ENWDAVI AGIGDUGSCSSCSLHDAVKGEKI GKPSVGI MTTKFTSAAKLMAKVLGADGYPFVVIDHPI  
60069660 Environmental sequence VVKRTKRSASMPAPEAIL GELTKECDLVITGSGDUGSCTSWSIHDSVEATKRGVAALTVCSTAFVTLGRAQASALGSAGLPIA VVPHPF 
85750743 Environmental sequence -YYVKPHGFSNDAPEKLLNQI AEENDIVL TAIGDCGSCCSCCIRDAVSLEDRGIPSAAI I TTEFVNETRLTRKAIGMPDLRPIVIEHPV  
2622661  M. thermautotrophicus  LRFLWSEKPAGAPASEDQINRAGEGDLCI LALGDCGSCTTWVI LDAIRLEGMGVPTISI CSDTFREYAEKLAAAHGMPGLRI VEIEHPV 
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Fig. S15 
 

 
85801586 Environmental sequence R MVMTGNVHGQLDPCGUK-- KNPLGGLSRKLVKI QEMRD-A GEDPVILDAGDLFFSTPNLHEGNLRSE--MH RANSILKGYEKIGCDAIN 
42966760 Environmental sequence K IVLTGSVHGQLDPCGUK-- KNPLGGLSRKYVVIKQMRD-D GQDPIVLDAGDMFFSTTSLNKNNLESE--KH RCETMLSGYEKIGCDGLN 
44228873 Environmental sequence TLIMSGSMHGQLDPCGUK-- KNPMGGLSRRYVKIK EMKE-E GKDPIILDAGD FFFSTTNLNQNNLKSE--EY RAGAIL EGYDKIGCDAIN 
85772737 Environmental sequence TLLVSNNVRAQLDPCGUK-- KDPLGGLSRKSTYVKQLKE-D GKNLVILDAGDLLFSAAILTGVNEQAD--KL RANAILKGYERIGCHAVN 
50874889 D. psychrophila        R VI FSSNLLGQIGNTGUA--I NKLGGLSRHASLLNKLTADSSKIP IIVESGNLLF KTSQSSKNTLAQK---- KARKI ARAFRKMGYTAI C 
43122652 Environmental sequence SIV STTNVYSEFYDCGCP-- KNPLGGLARKTFFLKNMMP--DRDSILIDAGN ALFDSNQI NPDNLSI ENKRFKARNFVKTLEFLGQDVVN 
44504140 Environmental sequence SIV STTNVYSEFYDCGCP-- KNPLGGLARKTFFLKNMMP-- GRDSFLIDAGNSLFDSNQI NPDNLSI ENKRFKARNFVKTLEFLGQDVVN 
32445059 R. baltica             TLFVTGQQHGYIEP CGCTGLENQKGGVARRMTFLKQLRE-K GWEMAPIDAGNLVRRYGRQSEIKFHRS--------- LEALRKMDYVSVG 
87311211 B. marina              A LFLTGEQHGYIEP CGCTGLTNQKGGLNRRFTFLQQLREERGWDVVALDAGNQVRRFGRQAEIKFQTT---------AN AIKQMKYDAIT 
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Fig. S16 
 
 
85788322 Environmental sequence -------------------------------------------V I AERLKEGLGIY EID AELLKAAEPDLLITQAI CEVUAI SSRQVAEVSVGLA-KEPDILSLDP L H I GDVVEDLNRVGRATG 
85800620 Environmentla sequence -------------------------------------------------- ---------------------S TQAI CEVUAI SSRQVAEVSLGLA-KEPEILSLDP L H I GDVVEDLNRVGRATG 
88802823 P. irgensii            MGLQEYLHGITFECPK-IA LVEKQVAVRYKLEGQALTSEEI NTIFSKTKAEGGTLYYVDELVLESI APDVIFTQDVCDVCQI DTACVATSAYKLQ-KVPKLISI TPN SL EDVFENALTIA DALG 
55378797 H. marismortui         LGVEP-- VGVSHECDHPPAAREKPSVNRSRVDPTA-SSGEI NEQVAAVEESD-GVYAID RETLAELEPDLIVTQGVCDVCAVDHVVVAEAVEELG-LDTDVLTLDVH SL DGLFESI HRVGAAVG 
76800687 N. pharaonis           LGVDP--A ATSHECDYPPSVADTPTVVESRI DADA-DSETI DEQVHEAETDG-GVYAID RETLAAVDPDIVISQGICEVCAVDTVQVEAAI ADLG-LDCRLVTTDPH SV DDI LGDI ERIG AALG 
84497447 Janibacter sp.         IG AGDAVVGVTFECDYPEQARSRRIVSTSAMPEGL-SPAGI DAFVVDAVTRGEDLYHLDAGALADLDADLVVTQDLCAVCAI DVTLVDEALAHLG-CTADVLTFDPH TL DEVFASI VELGRATG 
71368962 Nocardioides sp.       IG AGPDVVGVTFECDYPAEARARTVVSTSAMPSGL-TPAEI DAYVVGALSRGEDLYHLAADALAGLDADLVVTQDLCAVCAVDVSVVDDALAHLG-CTAEVLTIDPH TL DEVLDSI LLLGRVTG 
32447814 R. baltica             LGLRDQLVGVTHECDYPSGVDRLAKVTQTLI PHD-ATSGEI DTMVRERLQTERALYSLKMPVVESLAPDLIVTQALCDVCAVAESEVNAAACSLPG-KPRVVNLEPT SL SEMFDCI TLVGKAAN 
83852439 O. alexandrii          LDLTDDLVAVSHCCDWPPQVRDLPALTS-ALFEA-QTARDI DEAVRAKLQGQDAIY ALDAQALAALKPDLVISQALCDVCAVSGAEVSTVLSDLDP-QPTLVNLEPY SL RDI LETI TMIG VAAG 
88812304 N. mobilis             LGRQDDLVGVSHDCDFPAAVEAKPRVTSCELTDTPLDSAAI DRWVSERLARGEPLFHLNRSRLESLRPELILTQSLCQVCAPSAERVTEVAAALPE-PPRVLNLEAS TL AGVLDTI EQVAVALG 
17129888 Nostoc sp.             LGLSDAIVGRSHECDYPPEI QNRPICTQARLNSQA-ASSEI HHEVNNLLQSALSIY QVKLEVLEQLQPTHILTQ DQCDVCAVSLKDVEKAVKELTQSSPQIISL QPN L LEDVWQDI ERVAHIF G 
75702880 A. variabilis          LGLSDAIVGRSHECDYPPEI QNRPTCTQARLNSDA-SSSEI HHEVNNVLQSALSIY QVKLDVLEQLKPTHILTQ DQCDVCAVSLKDVEEAVKELTQSSPQIISL QPN L LEDVWQDI ERVAHIF G 
23125528 N. punctiforme         LGLVNAIVGRSHECDYPPEI LDRPVCTQARLDSNA-SSSQI NDEVNDFLQSALSIY EI KTDVLEQLQPTHILTQ DQCDVCAVSLDEVEKAVATLIDSKPQIISL QPN I LQDI WADI ERVGNAFE 
71673789 T. erythraeum          LGLTKAIVGRSHECNYPPEI QNLPVCTKPKFNPDG-NSREI HERATELLQSALSVYLVELETLEKLQPTHIITQ AQCDVCAVSLADVETAVKSLTKTNPQVISLEPN L LAEVWADMERVANI LG 
35211894 G. violaceus           LGLASRLVGRSHECDYPESVRVLPVCTRPKFDPVG-TSREVHERVSKLLATALSVYEVDLAMLEQLAPTHILTQ AQCEVCAVSLSEVEAAVAGLTGGQPHILSL QPN VLGDLWEDI ARVGTALG 
67924076 C. watsonii            LGLTDALVGRSHECDYPSYVRDLPICTTARLDITR-SSGEI DQDVMTLLQQALSIY NIELE TLQKLQPTHIVTQDQCDVCAVNFATVTEAI SQLTNSKPQVISL QPN L LKEVFADI ERVAKTFD 
22295701 T. elongatus           LGLLPFLVGRSHECDYPPEVKALPVCTRARLNAQQ-SSLAI DRVVQELLRAALGIY DLELATLQALKPTHIITQ DQCDVCAVTLPDVQRAI ADLLEPPPQLISL QPH CLEDI WEDI RRVGLTLG 
83815755 S. ruber               LGHGDDLVGRSHECDHPPGVEALPALTAPKVPLEG-SSREI DDQVRALLDEAMSVYDVDVERLNALRPDLILTQSQCEVCAVSLPTVEQAVADRIEGSPTVVALEPR SL ADVRDDI RRVAGALG 
84788069 E. litoralis           LGLGQNLVGRSHECDYPPSVKGLPVVTSTKLEKGL-TSCQI DDRVQGIVRQGLSVYEVDTALLRDLRPDLILTQSQCAVCAVTPADLEEALSEWTGTAPVLLSLAPD TL EDVWGDFAKVAEAAG 
16413520 L. innocua             LDLGDKVKGVSAYDDYPKEAQKI EK--------------------------VT-STT VDTEKI IA LKPDLVLGHESMLATEKDAYQLLKDAGINV-----F VVPDAT NLKEVENSI ETIG KLTG 
71845400 D. aromatica           LGEQDRIVGIS GYTVRPPEARKEKPKVF-------------------------AFTSG DIDKI LATQPDLVLTFSDLQSEISRDLIKAG---------IP VYAFNTR SI EDI LGMVETVGRLVG 
47572949 R. gelatinosus         LGEAHRIVGIS GFTVRPPRARQEKPKVS-------------------------AFTSAK LEPI LALQPDLAI GFSDIQADIARELIQRG---------VE VWISNHR SV DGI LGYVRRLGAMVG 
68213330 M. flagellatus         LGEQARIVGIS GFTTRPAIARQEKPKIS-------------------------GFSTAK IE KI LAVKPDLVLAFSNLQADIAADLVRAG---------VE VHVFNQR SV QGI LDMVATLGALTH 
86160446 A. dehalogenans        IG AGDLVVGVSGFTVRPPEARR-KPRVS-------------------------AFLSA DGDAI AALRPDLVVGFSDLQADVARDLVRRG---------IP VLVTNQR SV AEI LQTLRLVTAAVG 
45659220 L. interrogans         LGI EERIVGIS AYTVRPLRAKKEKPKIS-------------------------AFING NI KRI KELKPDLVIGFSDIQSDLAKNLIEEG---------LN VLVTNQR TI LEI FDTLSLLGSI VG 
56381325 G. kaustophilus        LGRLDDVAAVDDSSDWPPEVKQLPKVGP--------------------------DLR IDMDQVEALKPDLVVASLSVPGMERNVEELKRRGLPHL-------V LAPN SL DDI ANDLLRLGEALG 
10176026 B. halodurans          LGLVDQLVGVDDFSDWPTVTRSLPRLGP--------------------------DLR IDMDKVEALQPDLVVASLSVPGMERNVEELQKRDIPHV-------VYN PH SL KEI GECLKDLAKRTG 
66797343 D. geothermalis        LGVAAWVVAVDQHNDAP-GLDQAVRVGP--------------------------DLN IDVQAVQAARPDLVLASLSVPGMERVVEAVRAAGLKTL-------V LDPL SV RDMLQDI RLVGEAVG 
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Fig. S17. 
 
 
44183053 Environmental sequence HPAPLAYI VAGI GFULLTQLKRYASMRKVGITSAKVHVELDYYLKGSVKQGTVENKVTEVRSDFT 
43725511 Environmental sequence FPA PLTYVASGI GFULLTNLKRYASMKKISIKSAQVKIEL DFYLFGSIVDENI ESGVSEVRSFFE 
43560497 Environmental sequence Y SPPMPMLATAI GFULLTQVARYAHMLKMEIKSGKCHVEGDYLLHGSVIKGTVNVDHQGFRTHLE 
26247773 E. coli                GTNPEELIGAAHAACFSMALS-LMLG- EAGFTPTSIDT TADVSLDKVDAGFAI TKIA LKSEVAVP 
24052078 S. flexneri            GTNPEELIGAAHAACFSMALS-LMLG- EAGFTPTSIDT TADVSLDKVDAGFAI TKIA LKSEVAVP 
50121147 E. carotovora          GTNPEELIGAAHAACFSMALS-LMLG- EEGHKPESIDT TADVSLDKVDGGFAI TKIA LHSTVTLP 
44496725 Environmental sequence GSNPEELVGAAHSACFSMALS-LA LG- DAGFTADKIDT KATVSLDEVDDGFAVTHIALEVKARI S 
28850626 P. syringae            GTNPEELIGAAHAGCFSMALS-MI LG- DAGLKADSIDT SAEVSLDQVEGGFAI SAVHLVLKAKVP 
56180660 I. loihiensis          GTNPEELLGAAHAGCYAMAFS-LMLG- ESGYEPDSID AKAEVSLEEDGDGFSI AKIHLKVKASIP  
44014688 Environmental sequence GSNPEELIGAAHASCFTMAFT-LI LS-KAGFTPAQLDTQAVVALEQQGDAFVI PSIALTLKAAIP  
43985334 Environmental sequence GTNPEEQIAAAHASCFTMALS-FA LA-KQGFSKGTLESKVDI TLVKDGDSYTI TKSEI RLDAKVP 
42522952 B. bacteriovorus       GTNPEELIGAAHSGCFAMALS-GALA-KKGFNAESLDVSATVTLEKSGDGFVI QSSKLKLRALVP 
48855516 C. hutchinsonii        GTNPEELIAAAHAGCFTMALS-FQLS-GANFTPTKLATEASI TMVQENGGFKFKSIHLHLEATVP 
21243642 X. axonopodis          GTNPEELIAAAHAGCFTMALS-AQLT- EAGFPPASLDTRADVDLSME-GGPQLSQIRLKLKAVVP 
46199563 T. thermophilus        GTNPEELIAAAHAGCFSMALA-ASLE-REGFPPKRVSTEARVHLEVVDGKPTLTRIELLTEAEVP 
15806548 D. radiodurans         GTNPEELLASAHAGCFTMQLS-AL LA- EHGHEIKALDTDATCEMVKDGPGFKI NHMHLRVRAQLT 
17549328 R. solanacearum        GTNPEQLFAAGYSACFLGAMK-FVAARDKLRLPADTSVQGSVGI GAIPNGFGI E--- VDLAIS LP 
50086039 Acinetobacter sp.      GTNPEQLFAAGYSACFLGAMK-FVATRDKFNIPKDAYVEGDVGI GPIPNGFGI E--- VKLHVHLP 
56178201 I. loihiensis          GTNPEQLFAAGYSACFIG ALK-FAAGQEKVKLPKDTEVKAEI GI GQIEGGFGI D---AT LNIHLP 
21220863 S. coelicolor          GTNPEQLFAAGYSACFQGALG-VVARQEGADISG-STVTAKVGI GKNDDGFGI I--- VEI SAEIP  
16263744 S. meliloti            GTNPEQLFAAGWSACFIG ALG-LAASKHKLTLPAETAVDAEVDLAKSDGGFFLQ---AR LAVSLP 
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Fig. S18 
 
 
23452038 C. reinhardtii      GAELATFALGUFWHPEASFA--N VPGVVKTRVGYTGG-SRPNPTYESVCAG-DGHTEAMRVWFDPAI ISY EDLLKQFFREHDP------TQKSKC QYKSAVWYHSEAHGT 
34792792 S. purpuratus       DLETATFAMSUFWFPEAQFG--CAP GVVRTKVGYTGG-TKKFPTYY----S LGDHTETVQI EFDRTKTSYEKLLKKFWANHDS------TTCHKN QYMSAIFYHDEKQH- 
89467751 P. lividus          SLET ATFAMSUFWFPEAQFG--CAP GVVRTKVGYTGG-TKKFPTYY----S LGDHTETVQI EFDRTKTSYEKLLKKFWANHDS------TTCHKN QYMSAIFYHDEKQK- 
66511346 B. floridae         --ET ATFAMSUFWFPEAQFG--CAE GVIRTKVGYTGG-TKVMPTYH----A LGDHTESVQI QYDPKQTSYANLLKIFWQNHDP------SACVSR QYMSAIFYHNENQK- 
89138292 A. millepora        ETKT ATFSMSUFWFPEAQFG--CAD GVVRTKVGYTGG-SKPFPTYY----S LGNHTETVQLEYDPNRTTYRDLLSMFWKNHNA------TANHKP QYMSAIFYHDEGQK- 
51995432 H. magnipapillata   QLRK ATFAMAUFWFPEAQFG--CAP GVVTTKVGYTGG-KHPFPTYH----N LGDHTETMEI QYDPSETNYSALLDMFWKYHDS------TAVNKT QYMSAIFYHDEEQL- 
49561997 B. microplus        PVKK ATLALAUFWFPEAQYG--CAP GVVRTRVGYTGG-TTK DPTYR----N LGDHTETVQLDYDPTKTDYKTLLDMFWGFHDP------TACHKR QYMSAIFYHDKEQK- 
21640047 A. variegatum       AVKKATFALAUFWFPEAQYG--CAP GVIRTRVGYTGG-TSKNPTYR----C LGDHTESVQLDYDPTETDYKTLLNMFWDFHDP------TACHKR QYMSAIFYHDKEQ-- 
63523529 I. scapularis       AVKKATFALSUFWFPEAQYG--SAP GVIRTRVGYTGG-TTK NPTYQ----N LGDHTETVQLEYDPIAT SYDRLLEMFWGFHDA------TACHKR QYMSAIFYHDQEQK- 
71547479 S. fumaroxidans     AVETATFAMGUFWGPDARFG--C I DGVLRTRVGYAGG-RKKNPTYH----D LGDHTESLEI VYDPAMVSYERLLEVFWAEHNP-S----VPPWSK QYMSI LFHHDERQK- 
66861845 B. natans           PANT ATFGMGUFWGPEVTFAPKNVPGVLSTRVGYAGG-KKKNPTYH----S LGDHTEVI QI TFDPAKVSYSKIV DIFF SEHSFR-----SKPYCR QYMSGAWYQNEEQKE 
55234261 A. gambiae          PFEK ATFGMGCFWGCDSLFG--ATK GVLRTRVGYAGG-STESPAYK----K MGDHTEVI EI DYDPQTISY NDLLDLFWNNHEYGL----TTRMKR QYMSLI LYHNEQQR- 
33089114 A. mellifera        QAKR ATFGMGCFWAGDCLFG--V LPGVIRTCVGYAGG-QKESPTYK----N I GDHTEVVDI EYNPNI VSYSQLLALFWQNHEYGL----TTKIKR QYMSLI LYHDEEQK- 
76258265 C. aurantiacus      PLET ATLAGGCFWCLEAVYD--Q VSGVKDVVSGYTGG-YVPNPTYRRVCDGNTGHAEAVQI QFDPEQISY RELLEIFF SI HDPTTLNRQGADVGTQYRSAIFYHSEEQRQ 
66799168 D. geothermalis     QTQQ AI FAGGCFWCTEAVMK--DVRGVTRVESGYI GG-HVPNPDYAAVCSGETGHAEAVRVTFDPAQVSFRDLLMLFFATHDPTSLNRQGADVGTQYRSAVFPLNEEQER 
88933851 Dehalococcoides sp. MNEI AVFGGGCFWCMEAVFS--S LSGVTKVESGYAGG-TLP NPTYQQVCAGDTGHAEVI RLEFDAALISY TALLDIFF QMHDPTTLNRQGEDVGSQYRSVIFY TTPSQKA 
78171127 C. chlorochromatii  TTQT AVFAGGCFWGVEYHFS--K LKGVLSVTSGYTGG-AIE NPTYQQVCSGKTGHAEAVEI VFDAAQVSYETLAKLFFEI HDPTQVNRQGPDVGTQYRSALFYANEEQRR 
51470621 A. punctata         MHQR AVLAGGCFWGMQDLIR--KRP GII STRVGYTGG-DIP NATYRNHGT---- HAEGI EI VFDPTVTSYRHIL EFFFQI HDPTTLNRQGNDRGLSYRSGIYYVDEEQKR 
33150552 H. sapiens          GTQMAVFGMGCFWGAERKFW--VLKGVYSTQVGFAGG-YTSNPTYKEVCSEKTGHAEVVRVVYQPEHMSFEELLKVFWENHDPTQGMRQGNDHGTQYRSAIYPTSAKQME 
55251370 D. rerio            GLQMVLFGMGCFWGAERKFW--RQKGVYSTQVGYSGG-YTPNPTYEEVCTGKTGHTEVVRVVFEPQKI KFSELLKVFWESHNPTQGMRQGNDVGTTYRSSIYTNTQEQLE 
78709015 O. sativa           GNEFAQFGAGCFWGVELAFQ--R VPGVTRTEVGYSQG-NLHDPTYEDVCTGATYHNEVVRVHYDVSACKFDDLLDVFWARHDPTTPNRQGNDVGTQYRSGIYYYTPEQEK 
7580480  L. esculentum       GLEFAQFAAGCFWGVELAFQ--R VGGVVKTEVGYSQG-NVHDPNYKLIC SGTTEHAEAI RI QFDPNVCPYSNLLSLFWSRHDPTTLNRQGNDVGKQYRSGIYYYNDAQAQ 
21593143 A. thaliana         GQQFAQFGAGCFWGVELAYQ--R VPGVTKTEVGYSHG-IVH NPSYEDVCTGTTGHNEVVRVQYDPKECSFESLLDVFWNRHDPTTLNRQGGDVGTQYRSGIYYYTDEQER 
1136793  B. napus            GQQFAQFGAGCFWGAELAYQ--R VPGVTKTEVGYSHG-FVDNPSYEDVCSETTGHNEI VRVQYDPKEVSFESLLDVFWKRHDPTTLNRQGNDVGTRYRSGIYFYTDEQEK 
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Fig. S19 
 
 
7706511  H. sapiens        SRSKYAHSSPWPAFTETI HADSVA--KRPEHNRSEALKVSCGKCGNGLGHEFLNDGPKPG--QS RFUI FSSSLKFVPKGK 
55730640 P. pygmaeus       SRSKYAHSSPWPAFTETI HADSVA--KRPEHNRAEALKVSCGKCGNGLGHEFLNDGPKPG--QS RFUI FSSSLKFVPKGK 
27807643 M. musculus       SHSKYAHSSPWPAFTETI HPDSVT--KCPEKNRPEALKVSCGKCGNGLGHEFLNDGPKRG--QS RFUI FSSSLKFVPKGK 
29648559 D. rerio          SRSKYEHSSPWPAFTETI HKDSVS--KQEE--RWGAYKVRCGKCGNGLGHEFVNDGPKHG--LS RFUI FSSSLKFI PKVK 
57335062 Suberites sp.     STKKFEHSSPWPAFTETVHSNSVS--KYNES--TSA LKVSCGKCGNGLGHEFLNDGPNKG--QS RFUI FSSSLTFKDKGE 
56314788 Azoarcus sp.      SEHKFDAGCGWPSFWTAAAPENVE-TAEDRSHFMQRTEVLCHECGAHLGHVFEDGPQPTG---L RYCINSASIR LEPEAS 
85715266 Nitrobacter sp.   SDAKFDSGCGWPSFTAPAVDSHI D-EEHDTSHGMSRTEVLCSRCSGHLGHVFNDGPGPTG---L RYCINSAALKLEPK-- 
68246156 Magnetococcus sp. ADAKYDSGSGWPSYFQAI SEHAI R-AETDLSHGMRRVEVLCSSCDAHLGHLFDDGPQPTG---L RYCINSLALQLNPKPT 
71661450 T. cruzi          SEMKFRCGCGWPAFWDCVPGAVRE-EPDSDG---V RTEI VCNACNSHLGHLFRGEGLCNPPPNERHCVNSTSIRFQPSP- 
92877819 M. truncatula     STTKFNSGCGWPAFYEGVPGAINR-HADPDG---M RIEI TCAACGGHLGHVFKGEGFPTP-TNERHCVNSI SLKFAPANS 
91216521 P. torquis        SQSKFESNCGWPSFDSSVEGSIEY-IK DSKFG-MQRIEI LCSNCGGHIGHIFDDGPTETG---K RYCVNSLSI DFKNK-- 
92907076 Mycobacterium sp. SSEKFESHCGWPSFFDPADSDAVI-LRPDDSLGMRRVEVVCANCHSHLGHVFEGEGYPTP-TDQRYCINSI SLRLVPAGG 
32397214 R. baltica        AKDKFI SHCGWPSFDDEI EGAVKR-QRDAD---GR RIEI VCANCDGHLGHVFHG-ERLTP-KNERHCVNSI SMKFI PEGK 
56127980 S. enterica       SHTKYDSGCGWPSFYQPVSEEAI R-YI DDFSHGMQRVEIRCGNCDAHLGHVFPDGPQPTG---E RYCVNSASLAFSDEKN 
91210995 E. coli           SQTKYDSGCGWPSFYEPLSEESI R-YIKDLSHGMQRIEI RCGNCDAHLGHVFPDGPQPTG---E RYCVNSASLRFTDGEN 
46133494 H. influenzae     SNDKFESGCGWPSFTKPI IK DVVHYETDNSFN-MQRTEVLSRAGNAHLGHVFDDGPKDKG--GL RYCINSASIKF I PLAE 
57637573 S. epidermidis    SEDKFESNCGWPSFSKALNDDEI VELVDKSFG-MI RTEVRSEKANSHLGHVFNDGPKEKG--GL RYCINSAAI QFI PYDK 
46190343 B. longum         SRDKFDSGCGWPAFSRPI AGDLLTEHEDHRIPGRDRIEVRTSDTQIHLGHVFTDGPADRG--GL RYCMNSAALRFVPRSR 
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Fig. S20 
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Fig. S21 
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