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Supplementary material accompanying “Nitrite-driven anaerobic 
methane oxidation by oxygenic bacteria” by Ettwig et al.  

Contains: Supplementary Figures 1-7 with their legends and Supplementary 
tables 1-5  

 

Supplementary Table 1 │ General genome properties. 

Characteristic Value 

Size (bp) 2,752,854 

GC content (%) 58.58 

Coding density (%) 89.24 

rRNAs 3 

tRNAs 47 

miscRNAs 4 

Repeat content (%) 2.97 

 

Supplementary Table 2 │ 16S and 23S rDNA-containing contigs from 454 
pyrosequencing demonstrating the diverse bacterial side community in 
enrichment culture “Twente”. 

Contig 
no. 

Length 
(nt) 

no. 
reads 

Best BLAST hit (accession no.)* E-value % id Phylum 
affiliation 

00002 153 5 Uncultured Acidobacterium clone 
16S rDNA (AM936563.1) 

1 x 10-64 96 Acidobacteria 

   Lewinella lutea FYK2402M69 16S 
rDNA (AB301494.1) 

5 x 10-38 85 Bacteroidetes 

00158 151 3 Uncultured Hyphomicrobium clone 
16S rDNA (EU634808.1) 

1 x 10-64 97 Proteobacteria 

   Hyphomicrobium sulfonivorans 25S 
16S rDNA (AY305006.1) 

7 x 10-62 96 Proteobacteria 

05954 127 
(293)† 

4 Uncultured bacterium clone 23S 
rDNA (EU686587.1) 

1 x 10-39 90 Unclassified 
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   Gemmata obscuriglobus DSM 
5831T 23S rDNA (AF245369.1) 

1 x 10-39 88 Planctomycetes 

08725 156 3 Uncultured bacterium clone 23S 
rDNA (EU917532.1) 

1 x 10-24 90 Unclassified 

   Geobacter uraniireducens Rf4 23S 
rDNA (CP000698.1) 

2 x 10-22 84 Proteobacteria 

11380 282 2 Uncultured Myxococcales clone 
16S rDNA (EU193072.1) 

3 x 10-134 98 Proteobacteria 

   Desulfuromonas svalbardensis 103 
16S rDNA (AY835391.1) 

8 x 10-103 92 Proteobacteria 

12461 281 3 Uncultured bacterium clone 16S 
rDNA (EU703011.1) 

3 x 10-127 96 Unclassified 

   Dehalococcoides sp. BHI80-52 16S 
rDNA (AJ431247.1) 

3 x 10-114 93 Chloroflexi 

12631 498 9 Uncultured bacterium clone 16S 
rDNA (EF522841.1) 

0.0 99 Unclassified 

   Planctomycete str. GMD14H10 16S 
rDNA (AY162122.1) 

4 x 10-116 80 Planctomycetes 

13213 158 2 Acidithiobacillus thiooxidans 8930P 
23S rDNA (AF362021.1) 

2 x 10-36 83 Proteobacteria 

   Acidithiobacillus thiooxidans 8930P 
23S rDNA (AF362021.1) 

2 x 10-36 83 Proteobacteria 

14774 305 3 Uncultured bacterium clone 16S 
rDNA (FJ478657.1) 

5 x 10-137 97 Unclassified 

   Desulfonatronum sp. ASO4-2 16S 
rDNA (FJ469578.1) 

8 x 10-84 87 Proteobacteria 

18707 244 3 Uncultured bacterium clone 16S 
rDNA (AY741700.1) 

2 x 10-104 95 Unclassified 

   Chlorobi bacterium str. Mat9-16 
16S rDNA (AB478415.1) 

3 x 10-88 90 Chlorobi 

18822 288 7 Uncultured Acidobacteria clone 23S 
rDNA (DQ139446.1) 

3 x 10-45 78 Acidobacteria 

   Symbiobacterium thermophilum 
IAM 14836 23S rDNA 
(AP006840.1) 

1 x 10-42 77 Firmicutes 

20833 249 2 Uncultured bacterium clone 16S 
rDNA (AY741703.1) 

3 x 10-119 98 Unclassified 

   Chlorobi bacterium str. Mat9-16 
16S rDNA (AB478415.1) 

4 x 10-99 92 Chlorobi 

20858 102 
(283) † 

2 Uncultured bacterium clone 16S 
rDNA (FM206266.1) 

4 x 10-37 96 Unclassified 

   Anaeromyxobacter dehalogenans 
2CP-1 16S rDNA (CP001359.1) 

7 x 10-34 94 Proteobacteria 
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20939 297 3 Uncultured bacterium clone 23S 
rDNA (AY705482.1) 

2 x 10-103 89 Unclassified 

   Solibacter usitatus Ellin6067 23S 
rDNA (CP000473.1) 

3 x 10-76 82 Acidobacteria 

26016 180 7 Uncultured bacterium clone 16S 
rDNA (EF522841.1) 

7 x 10-82 98 Unclassified 

   Chrysiogenes arsenatis BAL-1 16S 
rDNA (X81319.1) 

7 x 10-63 90 Chrysiogenetes 

26218 341 4 Uncultured Acidobacteria clone 16S 
rDNA (AM936563.1) 

4 x 10-146 94 Acidobacteria 

   Holophaga foetida 16S rDNA 
(X77215.1) 

2 x 10-91 88 Acidobacteria 

26241 112 7 Uncultured Acidobacteria clone 16S 
rDNA (AM935977.1) 

3 x 10-38 93 Acidobacteria 

   Gamma proteobacterium MH179 
16S rDNA (EU052733.1) 

1 x 10-36 92 Proteobacteria 

26319 62/145 
(548)‡ 

7 Uncultured bacterium clone 16S 
rDNA (EU795193.1)/ Mycoplasma 
genitalium ATCC 33530 23S rDNA 
(AY816341.1) 

2 x 10-18/  1 x 10-27 96/85 Unclassified/ 
Tenericutes 

   Methylobacterium radiotolerans 
JCM 2831 16S rDNA 
(CP001001.1)/Mycoplasma 
genitalium ATCC 33530 23S rDNA 
(AY816341.1) 

2 x 10-18/  1 x 10-27 96/85 Proteobacteria/ 
Tenericutes 

26321 131 2 Uncultured bacterium clone 16S 
rDNA (AJ296615.1) 

7 x 10-48 94 Unclassified 

   Rhizobium sp. 29953 16S rDNA 
(AB456645) 

3 x 10-33 87 Proteobacteria 

00003 

00151 

26131 

26320 

24667 

32435 

1841 

175 

1949 

2412 

164 

30 

M. oxyfera 16S and 23S rRNA gene-containing contigs

 
*For each sequence the best overall BLASTn match and the best cultured organism BLASTn 
match are listed. †Contig only partially consists of rDNA sequence. ‡Contig contains both 16S 
rDNA and 23S rDNA sequence. 

 

 

 

 



4www.nature.com/nature

doi: 10.1038/nature08883 SUPPLEMENTARY INFORMATION

 4

Supplementary Table 3 │ Number of metaproteomic peptides obtained from 
culture "Ooij" that could be mapped to potential consensus genomes of M.
oxyfera "Ooij" assembled with different algorithms for short read mapping. The 
optimum assembly was achieved with 7 or more iterations of Blast with word 
length 8, as this assembly led to the highest number of peptides identified. 

 (WL = word length) 

peptides mapped 

Iteration Reference 
“Twente” 

Blast  

(WL 8) 

Blast  

(WL 12) 

MegaBlast 
(WL 8) 

MegaBlast 
(WL 12) Maq 

1 1959 2516 2210 2506 2210 634 

2  2975 2669  2665 680 

3  3124 2863  2855 739 

4  3188 2964  2949 794 

5  3213 3014  2996 833 

6  3226 3037  3017 871 

7  3229 3044  3027 889 

8  3229 3042  3027 906 

9  3228 3044  3029 925 

10  3229 3047  3031 934 

11  3229 3047  3033 934 

12   3048  3032 945 
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Supplementary Table 4 │ Genes encoding denitrification enzymes from M. oxyfera. 

Best BLASTP hit NCBI 
(BLASTP search against Paracoccus denitrificans between brackets) 

Enrichment culture 
“Ooij” sequences 

Enzyme Gene 

% 
Identity 

% 
Similarity 

Expected (E)-value GenBank identifier 

Transcript
-ome 

coverage 

No. of 
peptides 
detected 

ORF 
identifier 

Average 
coverage/ 
% identity 

no. of 
peptides 
detected 

narG 67 (46) 80 (62) 0.0  
(0.0) 

EAR23355 Nitrococcus mobilis Nb-
231 (Pden_4236) 2 ND DAMO_0778 34.9/96.8 14 

narH 65 (50) 80 (66) 0.0  
(4 x 10-126) 

EAR23356 Nitrococcus mobilis Nb-
231 (Pden_4235) 

1 ND DAMO_0776 34.7/97.5 ND 

narI 57 (38) 71 (56) 8 x 10-64  
(3 x 10-27) 

Nwi_0778 Nitrobacter winogradski 
Nb-255 (Pden_4233) 

1 ND DAMO_0774 37.3/99.1 ND 

narJ 35 (31) 52 (43) 1 x 10-18  
(0.002) 

EAR23357 Nitrococcus mobilis Nb-
231 (Pden_4234) 

1 ND DAMO_0775 41.3/99.3 ND 

Nitrate 
reductase 

narX Not present in M. oxyfera* 
napA 55 (51) 72 (63) 0.0  

(0.0) 
Glov_1056 Geobacter lovleyi SZ 

(Pden_4721) 
1 11 DAMO_2411 33.9/88.2 23 

napB 44 (26) 55 (36) 7 x 10-6  
(1.2) 

EDO26469 Nematostella vectensis 
(Pden_4722) 

1 ND DAMO_2410 29.9/89.0 ND 

napD Not present in M. oxyfera 
napE Not present in M. oxyfera 

Periplasmic 
nitrate 

reductase 

napC Not present in M. oxyfera 
nirS 58 (54) 72 (70) 0.0  

(8 x 10-158) 
Rcas_3430 Roseiflexus 
castenholzii DSM 13941  

(Pden_2487) 

18 96 DAMO_2415 35.0/90.8 192 

nirJ 46 (48) 69 (63) 4 x 10-111  
(4 x 10-90) 

MA3035 Methanosarcina 
acetivorans C2A (Pden_2494) 

2 ND DAMO_2413 25.0/88.0 ND 

nirF 45 (37) 64 (59) 5 x 10-95  
(2 x 10-74) 

EDN67735 Beggiatoa sp. PS 
(Pden_2490) 

1 19 DAMO_2412 27.2/88.7 29 

Nitrite 
reductase 

fused 
nirD/G & 

nirH/L 

46 (29) 64 (46) 5 x 10-87  
(5 x 10-29) 

Rxyl_0505 Rubrobacter 
xylanophilus DSM 9941 

(Pden_2491) 

1 ND DAMO_2409 15.4/88.7 ND 

norZ1 65 (29) 77 (47) 0.0  
(5 x 10-24) 

Gmet_3493 Geobacter 
metallireducens GS-15 

(Pden_2483) 

1 ND DAMO_1889 34.1/94.0 ND 

norZ2 34 (26) 52 (46) 2 x 10-121  
(6 x 10-29) 

Gmet_3493 Geobacter 
metallireducens GS-15 

(Pden_2483) 

78 ND DAMO_2434 42.1/91.2 7 

norZ3 34 (26) 53 (46) 4 x 10-121 

 (2 x 10-27) 
Gmet_3493 Geobacter 
metallireducens GS-15 

(Pden_2483) 

352 4 DAMO_2437 53.5/91.7 67 

norB Not present in M. oxyfera 

Nitric oxide 
reductase 

norC Not present in M. oxyfera 

6

nosZ Not present in M. oxyfera 
nosD Not present in M. oxyfera 
nosF Not present in M. oxyfera 
nosY Not present in M. oxyfera 

Nitrous oxide 
reductase 

nosL 50 (23) 69 (44) 6 x 10-43  
(7 x 10-4) 

Gsu1258 Geobacter sulfurreducens 
PCA (Pden_4215) 

0 ND DAMO_1959 17.6/88.9 ND 

Genes encoding denitrification enzymes were identified by BLASTP search of translated ORFs against the NCBI NR database. Similarity to P.
denitrificans homologs was determined by BLASTP search at the Genome Project of P. denitrificans within NCBI.  *In the M. oxyfera nar operon, which 
is organized like that of N. winogradski, a different gene with no sequence similarity is present at the position of narX; its best BLASTP hit is to 
kustc0320 (Candidatus Kuenenia stuttgartiensis, unknown protein). ND, not detected. 
 
Supplementary Table 5 │ Genes encoding selected carbon metabolism enzymes from M. oxyfera. 

Best BLASTP hit NCBI 
(BLASTP against Methylococcus capsulatus between brackets) 

Enrichment culture 
“Ooij” sequences 

Enzyme Gene 

% 
Identity 

% 
Similarity 

Expected (E)-value GenBank identifier 

Transcript
-ome 

coverage 

No. of 
peptides 
detected 

ORF 
identifier 

Average 
coverage

/% 
identity 

no. of 
peptides 
detected 

pmoA1 = (53) = (73) =  
(1 x 10-76) = (mca2854) 45 1 DAMO_2450 35.3/ 

89.9 38 

pmoB1 = (40) = (60) =  
(1 x 10-84) 

= (mca2853) 55 8 DAMO_2448 34.0/ 
88.4 

74 

pmoC1 53 (59) 68 (75) 3 x 10-73  
(3 x 10-71) 

CAE48351 Methylocystis 
sp. SC2 (mca2855) 

DAMO_2451 

pmoC2 53 (59) 68 (75) 3 x 10-73  
(3 x 10-71) 

CAE48351 Methylocystis 
sp. SC2 (mca2855) 

36 3 DAMO_2339 
63.7/ 
90.8 30 

Methane monooxygenase 

mmoX Not present in M. oxyfera 
mxaF1 = (74) = (88) =  

(0.0) 
= (mca0779) 62 69 DAMO_0112 2.4/ 

89.7 
ND 

mxaF2 68 (40) 80 (59) 0.0  
(3 x 10-126) 

Msil_3149 Methylocella 
silvestris BL2 (mca0779) 

14 108 DAMO_0124 2.4/ 
88.6 

ND 

mxaF3 62 (49) 74 (63) 0.0  
(3 x 10-154) 

Minf_0992 
Methylacidiphilum 

infernorum V4 (mca0299) 

6 38 DAMO_0134 22.3/ 
88.5 

145 

mxaJ1 54 (61) 72 (76) 2 x 10-84  
(3 x 10-60) 

ABE77337 
Methylomicrobium sp. HG-1 

(mca0780) 

29 5 DAMO_0113 1.9/ 
89.3 

ND 

Methanol dehydrogenase 

mxaJ2 46 (29) 62 (52) 2 x 10-118  
(7 x 10-30) 

Msil_3148 Methylocella 
silvestris BL2 (mca0300) 

8 ND DAMO_0125 3.2/ 
89.9 

ND 
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mxaJ3 50 (35) 67 (53) 4 x 10-76  
(8 x 10-39) 

AAY96668 uncultured 
bacterium BAC10-4 

(mca0300) 

3 ND DAMO_0136 23.9/ 
87.3 

5 

mxaG1 59 (52) 67 (66) 5 x 10-49  
(6 x 10-43) 

Veis_1827 
Verminephrobacter eiseniae 

EF01-2 (mca0781) 

16 3 DAMO_0114 1.3/ 
88.6 

ND 

mxaG2 50 (35) 68 (53) 1 x 10-20  
(2 x 10-7) 

Msil_3147 Methylocella 
silvestris BL2 (mca0781) 

6 2 DAMO_0127 2.7/ 
89.3 

ND 

mxaG3 43 (28) 56 (41) 5 x 10-18  
(4 x 10-9) 

AAY96667 uncultured 
bacterium BAC10-4 

(mca0781) 

5 6 DAMO_0138 30.6/ 
87.2 

13 

mxaI 62 (63) 80 (78) 4 x 10-25  
(4 x 10-22) 

ACB32199 uncultured 
bacterium 16A2 (mca0782) 

27 ND DAMO_0115 0.8/ 
88.2 

ND 

mxaR 62 (62) 80 (82) 4 x 10-125  
(5 x 10-128) 

Mfla_1895 Methylobacillus 
flagellatus KT  (mca1525) 

5 ND DAMO_0116 1.7/ 
89.1 

ND 

mxaS 44 (45) 58 (56) 1 x 10-60  
(4 x 10-56) 

Mfla_1896 Methylobacillus 
flagellatus KT  (mca0784) 

2 ND DAMO_0117 1.8/ 
89.9 

ND 

mxaA = (33) = (48) =  
(7 x 10-31) 

= (mca0785) 1 ND DAMO_0118 2.4/ 
89.4 

ND 

mxaC 43 (46) 63 (60) 1 x 10-67  
(3 x 10-59) 

MDMS009_1430 
Methylophaga sp DMS010 

(mca1528) 

1 ND DAMO_0119 1.8/ 
88.1 

ND 

mxaK 37 (31) 52 (48) 2 x 10-16  
(3 x 10-13) 

Mfla_2036 Methylobacillus 
flagellatus KT  (mca1529) 

1 ND DAMO_0120 3.2/ 
89.6 

ND 

mxaL 41 (44) 58 (56) 2 x 10-59  
(1 x 10-50) 

Mfla_2035 Methylobacillus 
flagellatus KT  (mca1530) 

1 2 DAMO_0121‡ 1.4/ 
89.4 

ND 

mxaD 53 (47) 65 (65) 2 x 10-40  
(9 x 10-41) 

ABS82778 uncultured 
Methylophaga sp. 

(mca0789) 

1 2 DAMO_0121‡ 1.4/ 
89.4 

ND 

mxaE1 42 (-) 66 (-) 4 x 10-75  
(-) 

MDMS009_1396 
Methylophaga sp DMS010 

(-) 

1 ND DAMO_0122 2.8/ 
89.1 

ND 

mxaE2 44 (-) 63 (-) 8 x 10-67  
(-) 

AAY96670 uncultured 
bacterium BAC10-4 (-) 

4 2 DAMO_0128 3.1/ 
90.0 

ND 

Formaldehyde 
dehydrogenase 

adhP Not present in M. oxyfera 

Formaldehyde activating 
enzyme 

fae 70 (57) 80 (72) 7 x 10-60  
(2 x 10-37) 

EDL60092 Planctomyces 
maris DSM 8797 (mca2866) 

19 13 DAMO_0454 44.6/ 
95.2 

44 

Methylene H4MPT 
dehydrogenase 

mtdB 40 (42) 55 (58) 5 x 10-49  
(1 x 10-45) 

Bphy_6482 Burkholderia 
phymatum STM815 

(mca3019) 

4 3 DAMO_0455 32.3/ 
93.6 

40 

Methenyl H4MPT 
cyclohydrolase 

mch 53 (37) 68 (57) 5 x 10-84  
(3 x 10-60) 

AAY96682 uncultured 
bacterium BAC10-4 

(mca2863) 

3 18 DAMO_0461 21.1/ 
87.5 

19 

8

fhcA 55 (48) 70 (65) 6 x 10-162  
(8 x 10-148) 

AAY96680 uncultured 
bacterium BAC10-4 

(mca2859) 

5 2 DAMO_0458 39.3/ 
93.6 

39 

fhcB1 47 (25) 65 (44) 6 x 10-119  
(5 x 10-30) 

MK0259 Methanopyrus 
kandleri AV19 (mca2860) 

4 4 DAMO_0457 39.6/ 
92.0 

40 

fhcB2 46 (25) 63 (45) 4 x 10-108  
(3 x 10-29) 

AAY96679 uncultured 
bacterium BAC10-4 

(mca2860) 

0/0 ND DAMO_1135/ 
DAMO_1136 

33.7/ 
97.1 

ND 

fhcC 50 (34) 66 (56) 2 x 10-68  
(7 x 10-38) 

AAY96681 uncultured 
bacterium BAC10-4 

(mca2857) 

5 ND DAMO_0460 36.0/ 
90.8 

5 

Formyltransferase/ 
hydrolase complex 

fhcD = (55) = (71) =   
(5 x 10-81) 

= (mca2858) 4 ND DAMO_0459 35.1/ 
91.6 

34 

Methylene H4F 
dehydrogenase/ 

Methenyl H4F 
cyclohydrolase 

folD 58 (-) 74 (-) 1 x 10-87  
(-) 

Moth_1516 Moorella
thermoacetica ATCC 39073 

(-) 

1 ND DAMO_1852 31.2/ 
88.4 

ND 

5-formyl H4F cycloligase mthfs Not present in M. oxyfera 
Formate H4F ligase fhs Not present in M. oxyfera 

Formyl H4F deformylase purU 64 (-) 80 (-) 3 x 10-106  
(-) 

EDT34736 Geobacillus sp. 
WCH70 (-) 

1 ND DAMO_2586 36.3/ 
91.1 

ND 

fdhA1 57 (40) 72 (56) 0.0  
(0.0) 

EEG07387 Lutiella 
nitroferrum 2002 (mca1391) 

0 2 DAMO_1138 2.3/ 
89.4 

ND 

fdhA2 43 (40) 62 (56) 0.0  
(0.0) 

Nther_0100 Natranaerobius 
thermophilus JW/NM-WN-

LF (mca2576) 

1 27 DAMO_0853 26.8/ 
90.3 

19 

fdhB1 54 (43) 68 (59) 5 x 10-125  
(1 x 10-67) 

ACD29487 Ralstonia 
pickettii 12J (mca1392) 

0 2 DAMO_1137 3.2/ 
87.6 

ND 

fdhB/C2 40 (36) 59 (54) 2 x 10-107  
(2 x 10-79) 

Csac_0620 
Caldicellulosiruptor 

saccharolyticus DSM 8903 
(mca1392) 

1 29.4/30 DAMO_0854 21.3/ 
89.7 

5 

Formate dehydrogenase 

fdhD Not present in M. oxyfera 
Serine glyoxylate 
aminotransferase 

sga 53 (34) 71 (53) 5 x 10-113  
(7 x 10-53) 

EAY55805 Leptospirillum 
sp. Group II UBA (mca1406) 

3 13 DAMO_3099 27.1/ 
88.1 

10 

Hydroxypyruvate 
dehydrogenase 

hprA Not present in M. oxyfera 

Serine 
hydroxymethyltransferase 

glyA 68 (56) 80 (71) 7 x 10-170  
(4 x 10-119) 

SYN_02367 Syntrophus 
aciditrophicus SB 

(mca1660) 

3 18 DAMO_1077 28.4/ 
89.7 

8 

Glycerate kinase gckA Not present in M. oxyfera 
Phosphoenolpyruvate 

carboxylase 
ppc 54 (-) 70 (-) 1 x 10-151  

(-) 
Daud_0773 Candidatus 

“Desulforudis audaxviator” 
MP104C (-) 

0 ND DAMO_2168 33.0/ 
97.5 

12 

Malyl-CoA lyase mcl Not present in M. oxyfera 
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Hexulose-6-phosphate 
synthase 

hspA Not present in M. oxyfera 

Hexulose-6-phosphate 
isomerise 

sbgU Not present in M. oxyfera 

cbbL 83 (58) 91 (72) 0.0  
(1 x 10-147) 

RC1_4061 Rhodospirillum 
centenum SW (mca2743) 

1 12 DAMO_2165 35.1/ 
97.5 

47 Ribulose bisphosphate 
carboxylase 

cbbS 68 (33) 86 (63) 2 x 10-54  
(5 x 10-15) 

Q09125 Porphyridium 
aerugineum (mca2744) 

2 4 DAMO_2166 39.9/ 
99.3 

5 

cbbP1 67 (55) 78 (69) 9 x 10-112  
(5 x 10-93) 

Tbd_2447 Thiobacillus 
denitrificans ATCC 25259 

(mca3051) 

1 3 DAMO_2116 12.9/ 
93.4 

ND Phosphoribulosekinase 

cbbP2 42 (34) 59 (45) 2 x 10-67  
(9 x 10-6) 

Minf_1261 
Methylacidiphilum 

infernorum V4 (mca3051) 

3 ND DAMO_2653 39.4/ 
88.1 

4 

cbbF-I 49 (-) 67 (-) 2 x 10-91  
(-) 

gvip434 Gloeobacter 
violaceus PCC 7421 (-) 

1 5 DAMO_2163 28.3/ 
89.4 

2 

cbbF-II1 58 (-) 78 (-) 4 x 10-103  
(-) 

Rcas_1213 Roseiflexus 
castenholzii DSM 13941 (-) 

2 17 DAMO_2650 29.7/ 
90.7 

10 

cbbF-II2 58 (-) 76 (-) 1 x 10-102  
(-) 

MXAN_4455 Myxococcus 
xanthus DK 1622 (-) 

2 3 DAMO_2986 34.7/ 
89.5 

ND 

Fructose 1,6-
bisphosphatase/ 

Sedoheptulose 1,7-
bisphosphatase 

cbbF-II3 58 (-) 75 (-) 1 x 10-104  
(-) 

EEB33574 Desulfovibrio 
piger ATCC 29098 (-) 

3 22 DAMO_0174 23.7/ 
89.6 

2 

Genes encoding enzymes of carbon metabolism were identified by BLASTP search of translated ORFs against the NCBI NR database.  Similarity to M. 
capsulatus was determined by BLASTP search at the Genome Project of M. capsulatus within NCBI.  = indicates that M. capsulatus has the best 
BLASTP hit.  (-) indicates that the gene is not present in M. capsulatus.  ‡ DAMO_0121 is a fused ORF of two proteins. ND, not detected. 
 
Supplementary Figure 1 (page 10)│ Coverage of the Methylomirabilis oxyfera genome by different sets of sequences and 
clones. Sanger (light blue) and 454 pyrosequencing (purple) reads from the "Twente" enrichment culture were compared with 
the finished M. oxyfera genome using the blastn algorithm. Reads mapping uniquely on the genome, with at least 95 percent 
identity over at least 95 percent of their length were kept. For the plasmid (dark blue) coverage, clones having both their ends 
mapped with the previously described criteria, and separated by 7 to 13 kb (mean library insert size of 10 kb) were considered 
as localised on the M. oxyfera genome, and taken into account for the coverage computation. Illumina reads from the "Ooij" 
sample (orange) were mapped as described in the method section. For the visualization, a sliding window of 10 kb with a step 
size of 2 kb was used. 

Supplementary Figure 2 (page 11)│ Single nucleotide polymorphism frequency in the two enrichment cultures ("Twente" 
blue, "Ooij" orange, from top) identified by mapping the DNA Illumina reads to their respective genomes using Maq (default 
settings). Sites with a polymorphic consensus were called as SNP sites. 
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Q09125 Porphyridium 
aerugineum (mca2744) 

2 4 DAMO_2166 39.9/ 
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denitrificans ATCC 25259 
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ND Phosphoribulosekinase 

cbbP2 42 (34) 59 (45) 2 x 10-67  
(9 x 10-6) 

Minf_1261 
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2 

Genes encoding enzymes of carbon metabolism were identified by BLASTP search of translated ORFs against the NCBI NR database.  Similarity to M.
capsulatus was determined by BLASTP search at the Genome Project of M. capsulatus within NCBI.  = indicates that M. capsulatus has the best 
BLASTP hit.  (-) indicates that the gene is not present in M. capsulatus.  ‡ DAMO_0121 is a fused ORF of two proteins. ND, not detected. 
 
Supplementary Figure 1 Coverage of the Methylomirabilis oxyfera genome by different sets of sequences and clones. 
Sanger (light blue) and 454 pyrosequencing (purple) reads from the "Twente" enrichment culture were compared with the 
finished M. oxyfera genome using the blastn algorithm. Reads mapping uniquely on the genome, with at least 95 percent 
identity over at least 95 percent of their length were kept. For the plasmid (dark blue) coverage, clones having both their ends 
mapped with the previously described criteria, and separated by 7 to 13 kb (mean library insert size of 10 kb) were considered 
as localised on the M. oxyfera genome, and taken into account for the coverage computation. Illumina reads from the "Ooij" 
sample (orange) were mapped as described in the method section. For the visualization, a sliding window of 10 kb with a step 
size of 2 kb was used. 

Supplementary Figure 2 Single nucleotide polymorphism frequency in the two enrichment cultures ("Twente" blue, "Ooij" 
orange, from top) identified by mapping the DNA Illumina reads to their respective genomes using Maq (default settings). Sites 
with a polymorphic consensus were called as SNP sites. 
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Genes encoding enzymes of carbon metabolism were identified by BLASTP search of translated ORFs against the NCBI NR database.  Similarity to M.
capsulatus was determined by BLASTP search at the Genome Project of M. capsulatus within NCBI.  = indicates that M. capsulatus has the best 
BLASTP hit.  (-) indicates that the gene is not present in M. capsulatus.  ‡ DAMO_0121 is a fused ORF of two proteins. ND, not detected. 
 
Supplementary Figure 1 Coverage of the Methylomirabilis oxyfera genome by different sets of sequences and clones. 
Sanger (light blue) and 454 pyrosequencing (purple) reads from the "Twente" enrichment culture were compared with the 
finished M. oxyfera genome using the blastn algorithm. Reads mapping uniquely on the genome, with at least 95 percent 
identity over at least 95 percent of their length were kept. For the plasmid (dark blue) coverage, clones having both their ends 
mapped with the previously described criteria, and separated by 7 to 13 kb (mean library insert size of 10 kb) were considered 
as localised on the M. oxyfera genome, and taken into account for the coverage computation. Illumina reads from the "Ooij" 
sample (orange) were mapped as described in the method section. For the visualization, a sliding window of 10 kb with a step 
size of 2 kb was used. 

Supplementary Figure 2 Single nucleotide polymorphism frequency in the two enrichment cultures ("Twente" blue, "Ooij" 
orange, from top) identified by mapping the DNA Illumina reads to their respective genomes using Maq (default settings). Sites 
with a polymorphic consensus were called as SNP sites. 
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Supplementary Figure 3 │ Phylogenetic relationship among PmoA and AmoA 
proteins. The distance tree was computed using the Dayhoff matrix method. 
Bootstrap values (>70%, 100 replicates) calculated within the Neighbor-Joining, 
Minimum-Evolution, Maximum-Parsimony and Maximum-Likelihood 
evolutionary methods are shown at branch points from left to right. The scale 
bar represents 0.5 changes per amino acid. 
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a 
                                                   *        20         *        40         * 
ABK77038_Cenarchaeum_symbiosum          : GDYIFYTDWAWTSF--TVFSISQTLMLVVGATYYLTFTGVPGTATYYALI 
ABY89139_Nitrosopumilus_maritimus       : GDYIFYTDWAWTSY--TVFSISQTLMLIVGATYYLTFTGVPGTATYYALI 
AAZ81111_Uncultured_crenarchaeote       : GDYIFYTDWAWTSY--TVFSIGNILMVSVGATYYLLFTGVPGTATYYGLI 
AAU92182_Methylococcus_capsulatus       : GDWDFWSDWKDRRLWVTVTPIVLVTFPAAVQSYLWERYRLPWGATVCVLG 
BAE86885_Methylomicrobium_japanese      : GDWDFWTDWKDRRLWVTVAPIVSITFPAAVQAVLWWRYRIAWGATLCVLG 
AAA87217_Methylomicrobium_album_BG8_pmo1: ------TDWKDRRLWVTVLPIVGITFPAAVQAVVWYRWRLPFGAMLAVLG 
ACE95888_Methylomicrobium_album_BG8_pmo2: ------XDWKDRQWWPLVTPLMGITFPAAVQAVLWDKFRLPLGATLCVAA 
CAE47800_Methylocystis_sp_SC2_pmoA1     : GDWDFWVDWKDRRMWPTVVPILGVTFCAAAQAFWWVNFRLPFGAVFAALG 
CAE48352_Methylocystis_sp._SC2_pmoA2    : GDWDFWIDFKDRRMWPTVTPIVAMCFAAAAQSFFWTRFRLPIGATTVVLA 
BAF49660_Methylocaldum_sp_T025          : GDWDFWADWKDRRLWVTVTPIVLITFPAAIQAWAWEKFRNPWGATIAVLA 
AAA87220_Methylosinus_trichosporium_OB3b: GDWDFWVDWKDRRMWPTVVPILGVTFAAAAQAFFWENFKLPFGATFAVSG 
CAD24093_Methylosinus_trichosporium_KS21: ------VDWKDRRMWPTVVPILGVTFAAAAQAFFWENFKLPFGATFVVLG 
CAD24094_Methylosinus_trichosporium_KS21: ----------DRRLWPTVTPISAICFAAAAQAFFWKRFRLPIGATTVVLA 
CAD66447_Methylosinus_trichosporium_SM6 : ------------RMWPTVAPIVAMCFAAAVQSFLWQKFRLPIGATVACLA 
CAD30381_Methylosinus_trichosporium_SM6 : ------VDWKDRRMWPTVVPILGVTFAAATQAFLWENFKLPFGATFAVLG 
AAB70518_Methylobacter_sp_BB5_1_pmoA1   : GDWDFWTDWKDRRLWVTVAPIVSITFPAAVQACLWYRYRLPFGAVVCVLG 
ACE95886_Methylobacter_sp_BB5_1_pmoA2   : ------VDWKDRQWWPLVTPLIGITFPAAVQAVLWDKFRLPLGATLCVTA 
ACE95894_Methylomonas_methanica_S1_pmoA1: GDWDFWTDWKDRRLWVTVAPIVSITFPAAVQACLWWRYRLPVGATLSVVA 
ACE95893_Methylomonas_methanica_S1_pmoA2: -------DWKDRQWWPLVTPLIGITFPAAVQAVLWDKFRLPLGATLCVAA 
AAF08214_Methylomonas_sp_LW13_pmoA1     : GDWDFWTDWKDRRLWVTVAPIVSITFPAAVQACLWWRYRLPVGATLSVVA 
ACE95890_Methylomonas_sp_LW13_pmoA2     : ------VDWKDRQWWPLVTPLIGITFPAAVQAVLWDKFRLPLGATLCVAA 
CAJ01617_Methylocapsa_acidiphila        : GDWDFWIDWKDRRFWPTVLPIVLVTFPAAAQAYFWESFRLPFGATFLVLG 
ABC59827_Crenothrix_polyspora           : GDWDFWLDWKDRQWWPIVTPVTLITFCAAIQYYNWVNYRQPFGATLCILA 
ABU88148_M_fumariolicum_solV_pmoA1      : GDWSFWIDWKDRMWWPVVAPIMDITFPAACQAILWTKFKAPIGATFSCAG 
ABU88152_M_fumariolicum_solV_pmoA2      : GDWSFWTDWKDRMWWPVVAPIADIAFPAAVQSILWTKFKMPIGATFCTVG 
ABU88155_M_fumariolicum_solV_pmoA3      : GDWSFWIDWKDRRYFPILGVISYMLMLVSVQAACWIKARLPMGMTLCAVG 
ACC85973_ERBWC_3B                       : GDWDFWVDWKDRQYWVTVTPIVMMIIVAAIQAIFYAHFRLAIGATLCGVV 
ACD68273_Uncultured_ha_bacterium_CCRd316: GDWDFWTDWKDRRWWLVLTPISLITFPAAIQYLLWDKLRLPIGATVCVVG 
ACD68281_Uncultured_haw_bact_CCRd431    : GDWDFWVDWKDRRWWLVVTPISLITFPAAIQYILWDKFRVPIGATVCVVG 
ACD68293_ML126_uncultured_bacterium     : GDWDFWTDWKDRRFWLVVTPISLITFPAAIQYVLWDKFRLPIGATVCVVG 
ABA58955_Nitrosococcus_oceani_ATCC_19707: GDWDFWVDWKDRRFWVTVVPIVSVAYPAAAQAFFWEKFRLPFGATLVTLG 
ABI60300_Nitrosomonas_eutropha_C91      : GDWDFWMDWKDRQWWPVVTPIVGITYCSAIMYYLWVNYRQPFGATLCVVC 
ABB74106_Nitrosospira_multiformis_25196 : GDWDFWLDWKDRQWWPVVTPIVGITYCAAIMYYLWVNYRLPFGATLCIVC 
AAB86881_Nitrosospira_sp_NpAV_pmoA1     : GDWDFWLDWKDRQWWPVVTPIVGITYCATIMYYLWVNYRLPFGATLCIVC 
Methylomirabilis_oxyfera_Twente_pmoA    : GDWDFWLDWKDRRWWVTLTPILLITFPAATQYFMWEKMRLPIGATFCVMT 
Methylomirabilis_oxyfera_Ooij_pmoA      : GDWDFWLDWKDRRWWVTLTPILLITFPAATQYFMWEKMRLPIGATFCVMT 
 
 
                                                  60         *        80         *       100 
ABK77038_Cenarchaeum_symbiosum          : MTVYVWIAK--GAWFALGYPYDFIATP-IWLPSAMLLDLAYWATKRNKHS 
ABY89139_Nitrosopumilus_maritimus       : MTVYTWIAK--AAWFSLGYPYDFIVTP-VWLPSAMLLDLVYWATKKNKHS 
AAZ81111_Uncultured_crenarchaeote       : MQVYTWVAK--GAWFALGYPYDFIVTP-MWIPSCMLLDLAYWATKRNKHS 
AAU92182_Methylococcus_capsulatus       : LLLGEWINRYFNFWGWTYFPINF-VFPASLVPGAIILDTVLMLSG-SYLF 
BAE86885_Methylomicrobium_japanese      : LLLGEWINRYFNFWGWTYFPVNF-VFPSNLMPGAIVLDVILMLSN-SMTL 
AAA87217_Methylomicrobium_album_BG8_pmo1: LLFGEWVNRYFNFWGWTYFPVNF-VFPSQFAPGAIVLDVILMLSN-SMQL 
ACE95888_Methylomicrobium_album_BG8_pmo2: LLIGTWVTRIFAYHYWNYFPVNM-VLPATMLPGALVLDAILMLSN-SFTI 
CAE47800_Methylocystis_sp_SC2_pmoA1     : LLIGEWINRYVNFWGWTYFPISL-VFPSALIVPAIWLDVILLLSG-SYVI 
CAE48352_Methylocystis_sp._SC2_pmoA2    : LLIGEWINRYDNFWGWTFFPINL-VFPSALIPMGFWLDIVLMISG-SWLV 
BAF49660_Methylocaldum_sp_T025          : LLFGEWVNRYFNFWGWTYFPINF-VFPALLVPGAILLDTFLMLSG-SYLF 
AAA87220_Methylosinus_trichosporium_OB3b: LLIGEWINRYCNFWGWTYFPISL-VFPSALVVPALWLDIIMLLSG-SYVI 
CAD24093_Methylosinus_trichosporium_KS21: LLIGEWINRYVNFWGWTYFPISL-VFPSALIVPAIWLDVILLLSG-SYVI 
CAD24094_Methylosinus_trichosporium_KS21: LLIGEWINRYDNFWGWTFFPINL-VFPSALVPMGFWLDAVLLLSG-SWLV 
CAD66447_Methylosinus_trichosporium_SM6 : LLVGEWINRYDNFWGWTFFPINL-VFPSALIPMGFWLDVVLMMSG-SWLV 
CAD30381_Methylosinus_trichosporium_SM6 : LLIGEWINRYCNFWGWTYFPISL-VFPSALVVPALWLDIILLLSG-SYVI 
AAB70518_Methylobacter_sp_BB5_1_pmoA1   : LLLGEWVNRYLNFWGWTYFPVNF-CFPSNLMPGAIVLDVVLMLSN-SMTL 
ACE95886_Methylobacter_sp_BB5_1_pmoA2   : LLLGTWVTRVFAYHYWNYFPINM-VLPATMLPGALVLDALLMLTN-SLTI 
ACE95894_Methylomonas_methanica_S1_pmoA1: LMIGEWINRYMNFWGWTYFPVNI-CFPSNLLPGAIVLDVILMLGN-SMTL 
ACE95893_Methylomonas_methanica_S1_pmoA2: LLLGTWVTRVFAYHYWNYFPINM-VLPATMIPGALVLDTLLMLTN-SLTI 
AAF08214_Methylomonas_sp_LW13_pmoA1     : LMIGEWINRYMNFWGWTYFPVNI-CFPSNLLPGAIVLDVILMLGN-SMTL 
ACE95890_Methylomonas_sp_LW13_pmoA2     : LLIGTWVARIFAYHYWNFFPVNM-VLPATMVPGALVLDTLLMLTN-SLTI 
CAJ01617_Methylocapsa_acidiphila        : LLFGEWVNRYTNFWGWTYFPISL-VWPTSLVPAALFLDIVLLLSR-SFIV 
ABC59827_Crenothrix_polyspora           : LALGKWIAVYTSWWWWSNYPPNF-VMPATAIPGALVLDITLLLTR-NWTL 
ABU88148_M_fumariolicum_solV_pmoA1      : LFFGQWMNRYWNFWGWAHYPLNF-VFPETLLPQAIVLDGVLMITN-NFVV 
ABU88152_M_fumariolicum_solV_pmoA2      : LFFGQWMNRYWNFWGWGTYPLNF-VFPETLIPQAVVLDGVLMISN-NFVV 
ABU88155_M_fumariolicum_solV_pmoA3      : INLWQWFERYVNWWGWFSYPMNE-LFPETVIPCAIAADCVLLLSR-KLLL 
ACC85973_ERBWC_3B                       : LVLGEXLNRYFGFYLWSHFPMSL-VWPAIVIPMCLYLDLVLHLTR-XYMI 
ACD68273_Uncultured_ha_bacterium_CCRd316: LTLGQWVSRTLNFYGWAYFPINF-TWPATAIPGAMLLDCILILSR-SYLL 
ACD68281_Uncultured_haw_bact_CCRd431    : LLLGQWVSRTLNFYGWAYFPVNF-TWPATSIPGAILMDCLLVLSR-SYLL 
ACD68293_ML126_uncultured_bacterium     : LALGQWVSRTLNFYGWAYFPVNF-VWPATAIPGAILLDCVLMLSR-SYLL 
ABA58955_Nitrosococcus_oceani_ATCC_19707: VLAGEWANRYFNFVGFTYFPINF-VWPTILLPMALFLDAMLAISK-SYGL 
ABI60300_Nitrosomonas_eutropha_C91      : LLIGEWLTRYWGFYWWSHYPLNF-VTPGIMLPGALMLDFTMYLTR-NWLV 
ABB74106_Nitrosospira_multiformis_25196 : LLVGEWLTRFWGFYWWSHYPMNF-VFPSTMIPGALVMDTVLLLTR-NWMI 
AAB86881_Nitrosospira_sp_NpAV_pmoA1     : LLVGEWLTRFWGFYWWSHYPINF-VLPSTMIPGALIMDTVMLLTR-NWMI 
Methylomirabilis_oxyfera_Twente_pmoA    : LHFGQWMNRVFNFYYWAWFPVNF-TAPGLMIPSAIFLDVMLMMTG-SYMF 
Methylomirabilis_oxyfera_Ooij_pmoA      : LHFGQWMNRVFNFYYWAWFPVNF-TAPGLMIPSAIFLDVTLMMTG-SYMF 



12www.nature.com/nature

doi: 10.1038/nature08883 SUPPLEMENTARY INFORMATION

 14

                                                   *       120         *       140         * 
ABK77038_Cenarchaeum_symbiosum          : LILFGGVLVGMSL-----PLFNMVNLITVA-DP--LETA----FKYPRPT 
ABY89139_Nitrosopumilus_maritimus       : LILFGGVLVGMSL-----PLFNMVNLITVA-DP--LETA----FKYPRPT 
AAZ81111_Uncultured_crenarchaeote       : LILFGGVLVGMSF-----PLFNMVNLLTVA-DP--LETA----FKYPRPT 
AAU92182_Methylococcus_capsulatus       : TAIVGAMGWGLIFYPGNWPIIAPLHVPVEY-NGMLMSIADIQGYNYVRTG 
BAE86885_Methylomicrobium_japanese      : TAVVGGLAWGLLFYPGNWPIIAPLHVPVEY-NGMMMTLADLQGYHYVRTG 
AAA87217_Methylomicrobium_album_BG8_pmo1: TAVLGGLAYGLLFYPGNWPVIAPLHVPVEY-NGMVMTLADLQGYHYVRTG 
ACE95888_Methylomicrobium_album_BG8_pmo2: TAIIGGSAFALLFYPSNWPIFALFHMPVEY-ANAQLTLADLFGFQYIRTG 
CAE47800_Methylocystis_sp_SC2_pmoA1     : TAIVGSLGWGLLFYPNNWPAIAAFHQATEQ-HGQLMTLADLIGFHFVRTS 
CAE48352_Methylocystis_sp._SC2_pmoA2    : TALLGGLGWGLLFYPINWPVLAQYHQAAEI-DGVLLTLADLIGFNYVRTG 
BAF49660_Methylocaldum_sp_T025          : TAIVGGLAWGLIFYPSNWPMIAPLHVPVEY-NGMLMSIADIQGYHYVRTG 
AAA87220_Methylosinus_trichosporium_OB3b: TAVVGSLGWGLLFYPNNWPAIAALHQATEQ-HGQLMSLADLVGFHFVRTS 
CAD24093_Methylosinus_trichosporium_KS21: TAVVGSLGWGLLFYPNNWPAIAAFHQATEQ-HGQLMTLADLIGFHFVRTS 
CAD24094_Methylosinus_trichosporium_KS21: TALVGGLGWGLLFYPSNWPALAQFHQVTEL-DGVLLTLADLIGFNYVRTG 
CAD66447_Methylosinus_trichosporium_SM6 : TALVGSMGWGLLFYPINWPVLAQYHQSAEI-DGVLLTLADLIGFNYVRTG 
CAD30381_Methylosinus_trichosporium_SM6 : TAVVGALGWGLLFYPNNWPAIAALHQATEQ-HGQLMSLADLVGFHFVRTS 
AAB70518_Methylobacter_sp_BB5_1_pmoA1   : TAVVGGMAWGLLFYPGNWPIIAPLHIPVEY-NGMMFTLADLQGYHYVRTG 
ACE95886_Methylobacter_sp_BB5_1_pmoA2   : TSIFGGAAFALLFYPSNWPIFGMFHQPVEY-ANSQLTVADLFGFQYIRTG 
ACE95894_Methylomonas_methanica_S1_pmoA1: TAVVGGLAYGLLFYPGNWPVIAPLHVPVEY-NGMMMTLADLQGYHYVRTG 
ACE95893_Methylomonas_methanica_S1_pmoA2: TSIFGGAAFALLFYPTNWPIFGMFHQPVEV-ANSQLTVADLFGFQYIRTG 
AAF08214_Methylomonas_sp_LW13_pmoA1     : TAVLGGLAYGLLFYPGNWPVIAPLHVPVEY-NGMMMTLADLQGYHYVRTG 
ACE95890_Methylomonas_sp_LW13_pmoA2     : TSIFGGGAFALLFYPTNWPIFGMFHQAVEY-HNSQLTVADLFGFQYIRTG 
CAJ01617_Methylocapsa_acidiphila        : TAIVGAMGWGLLLYPSNWPILAPYHQATEQ-YGLLMSLADLIGFEYVRTS 
ABC59827_Crenothrix_polyspora           : TAVIGAWMFAALFYPSNWPIFAYSHTPLVV-DGALLSWADYMGFMYVRTG 
ABU88148_M_fumariolicum_solV_pmoA1      : TALIGGELWGWLFYPSNWPMIAPYHVPVEY-YGQLMSVADLIQYQYIRTS 
ABU88152_M_fumariolicum_solV_pmoA2      : TALVGGELWGWLFYPTNWPMIAPYHVPVEY-YGQLMSMADLIQYEYIRTS 
ABU88155_M_fumariolicum_solV_pmoA3      : TYLFGAYAFALTFYPANWVMIAPFHQPLEA-LGQTLSLADYIGFSYVRSA 
ACC85973_ERBWC_3B                       : TAALGAIGFALMFPTSNWFILAQFRLPIXI-QGELLSVADYIGFSFSRTA 
ACD68273_Uncultured_ha_bacterium_CCRd316: TGIFGGLLWGVVFYYGNWPMLAPFHLPVNH-DGVLLSLSDLQGFEYIRTG 
ACD68281_Uncultured_haw_bact_CCRd431    : TGIFGGLLWGVVFYYGNWPMLAPFHLPVNH-HGVLLSLGDLQGFEYIRTG 
ACD68293_ML126_uncultured_bacterium     : TGIFGGMLWGVVFHFGDWPMLAAFHLPVNH-NGVLLSIADLQGFEYIRTG 
ABA58955_Nitrosococcus_oceani_ATCC_19707: TAVVGGLMYGLLMYPANWPLLSAFHVPAEY-NGVVMSLADIMGYQYVRTG 
ABI60300_Nitrosomonas_eutropha_C91      : TALVGGGFFGLMFYPGNWPIFGPTHLPIVV-EGTLLSMADYMGHLYVRTG 
ABB74106_Nitrosospira_multiformis_25196 : TALVGGGAFGLLFYPGNWTIFGPTHLPLVA-EGVLLSVADYTGFLYVRTG 
AAB86881_Nitrosospira_sp_NpAV_pmoA1     : TALVGGGAFGLLFYPGNWPIFGPTHLPLVA-EGVLLSLADYTGFLYVRTG 
Methylomirabilis_oxyfera_Twente_pmoA    : TALFGGMGWSLLFYPANWTWLAPFHLAVKHPSGPLMSIADLMGMEYVRSA 
Methylomirabilis_oxyfera_Ooij_pmoA      : TALFGGMGWSLLFYPANWTWLARFFLAVKHPSGPLMSIADLMGMEYVRSA 
 
                                            #              
                                                 160       
ABK77038_Cenarchaeum_symbiosum          : LPPYMTPIEPQVGKFYN 
ABY89139_Nitrosopumilus_maritimus       : LPPYMTPIEPQVGKFYN 
AAZ81111_Uncultured_crenarchaeote       : LPPYMVPIEPQVGKFYN 
AAU92182_Methylococcus_capsulatus       : TPEYIRMVEKGTLRTFG 
BAE86885_Methylomicrobium_japanese      : TPEYIRMVEKGTLRTFG 
AAA87217_Methylomicrobium_album_BG8_pmo1: TPEYIRMVEKGTLRTFG 
ACE95888_Methylomicrobium_album_BG8_pmo2: MPEYLRIIERGTLRTYG 
CAE47800_Methylocystis_sp_SC2_pmoA1     : MPEYIRMVERGTLRTFG 
CAE48352_Methylocystis_sp._SC2_pmoA2    : TPEYIRMVERGTLRTFG 
BAF49660_Methylocaldum_sp_T025          : TPEYIRMVEKGTLRTFG 
AAA87220_Methylosinus_trichosporium_OB3b: MPEYIRMVERGTLRTFG 
CAD24093_Methylosinus_trichosporium_KS21: MPEYIRMVERGTLRTFG 
CAD24094_Methylosinus_trichosporium_KS21: TPEYIRMIERGTLRTFG 
CAD66447_Methylosinus_trichosporium_SM6 : TPEYIRMVKRGTLRTF- 
CAD30381_Methylosinus_trichosporium_SM6 : MPEYIRMVERGTLRTFG 
AAB70518_Methylobacter_sp_BB5_1_pmoA1   : TPEYIRMVEKGTLRTFG 
ACE95886_Methylobacter_sp_BB5_1_pmoA2   : MPEYLRIIERGTLRTYG 
ACE95894_Methylomonas_methanica_S1_pmoA1: TPEYIRMV--------- 
ACE95893_Methylomonas_methanica_S1_pmoA2: MPEYLRIIERGTLRTYG 
AAF08214_Methylomonas_sp_LW13_pmoA1     : TPEYIRMVEKGTLRTFG 
ACE95890_Methylomonas_sp_LW13_pmoA2     : MPEYLRIIERGTLRTYG 
CAJ01617_Methylocapsa_acidiphila        : MPEYLRIVERGTMRTFG 
ABC59827_Crenothrix_polyspora           : TPEYIRMIEVGSLRTFG 
ABU88148_M_fumariolicum_solV_pmoA1      : TPEYIRMVETGTMRSFA 
ABU88152_M_fumariolicum_solV_pmoA2      : TPEYIRMVETGTMRSFA 
ABU88155_M_fumariolicum_solV_pmoA3      : IPEYLRMIESGTLRTFE 
ACC85973_ERBWC_3B                       : TPEYLRIIERGTLRTFG 
ACD68273_Uncultured_ha_bacterium_CCRd316: TPEYIRIIERGTLRTFG 
ACD68281_Uncultured_haw_bact_CCRd431    : TPEYIRIIERGTLRTFG 
ACD68293_ML126_uncultured_bacterium     : TPEYIRIIERGTLRTFG 
ABA58955_Nitrosococcus_oceani_ATCC_19707: TPEYIRMIEKGTLRTFG 
ABI60300_Nitrosomonas_eutropha_C91      : TPEYVRHIEQGSLRTFG 
ABB74106_Nitrosospira_multiformis_25196 : TPEYVRLIEQGSLRTFG 
AAB86881_Nitrosospira_sp_NpAV_pmoA1     : TPEYVRLIEQGSLRTFG 
Methylomirabilis_oxyfera_Twente_pmoA    : TPEYIRIVERGTLRTFG 
Methylomirabilis_oxyfera_Ooij_pmoA      : TPEYIRIVERGTLRTFG 
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b. 
                                             %              +                          +    
                                                   *        20         *        40         * 
ABK77030_Cenarchaeum_symbiosum_A        : LPSAEAHGVQAQLQSRFIRIEDETFN---------RQSLQTGETLCLAGS 
ABY89142_Nitrosopumilus_maritimus_SCM1  : LPTADAHGVQAQLQSRFVRIEDETFN---------RQSLQTGETLVLQGT 
AAU92183_Methylococcus_capsulatus_Bath  : ASAHGEKSQAAFMRMRTIHWYDLSWSKE---KVKINETVEIKGKFHVFEG 
BAE86886_Methylomicrobium_japanense_NI  : ASAHGEKSQAAFMRMRTIHWFDLNWSKD---MVSVNETMSISGKFHVFAG 
ACE95889_Methylomicrobium_album_BG8_pmB2: ALAHGEKALEPFIRMRTIQWYDVAWSKQ---QFKVNEEVTVSGRFHVAED 
CAE47801_Methylocystis_sp_SC2_pmoB1     : ASAHGEKSQQAFLRMRTLNWYDVQWSKT---TVNVNEEMVLSGKIHVFSA 
CAE48353_Methylocystis_sp_SC2_pmoB2     : AAAHGERSQQAFLRMRTLNWYDVKWSKT---ELNVNDEMELTGKVHVFSG 
BAF49661_Methylocaldum_sp_T_025         : ASAHGEKSQAAFMRMRTIHWYDLNWSKE---KVKVNEEVEITGKFHVFEG 
AAF37894_Methylosinus_trichosporium_OB3b: AEAHGEKSQQAFLRMRTLNWYDVKWSKT---SLNVNESMVLSGKVHVFSA 
ACE95887_Methylobacter_sp_BB5_1_pmoB2   : AQAHGEKALEPFIRMRTIQWYDVQWSTQ---KFNVDDEVSVSGKFHVAED 
ACE95892_Methylomonas_methanica_S1_pmoB2: AQAHGEKALEPFIRMRTIQWYDVQWSTQ---KFNVNDEVSVSGKFHVAED 
CAJ01618_Methylocapsa_acidiphila_B2     : ADAHGEKSQAAFLRMRTLNWYDVKWSKT---SLNVNEEMEITGKLHIMDA 
ABU88156_M_fumariolicum_SolV_pmoB1      : ASGIGERAQEAILRMRTAQFYDVRFSSN---HLKVGEDLVVTGKVMILPI 
ABU88149_M_fumariolicum_SolV_pmoB2      : VQGMGAKSQEAFLRMRTVTFFDTRFSFTPNNRVKVGDEFTCTGKVMLMPT 
ABU88153_M_fumariolicum_SolV_pmoB3      : VQGMGAKSQEAFLRMRTVVFYDTQFSFAPTNRVKVGEEFSCTGKVMLMPT 
ABA58954_Nitrosococcus_oceani_ATCC19707 : VAAHGEKAQAAFLRMRTIHWYDMVWSKD---TIAVNETYTISGKFRVFED 
ABI60299_Nitrosomonas_eutropha_C91      : VAAHGERSQEPFLRMRTVQWYDVKWGPE---VTKVNENAQITGKFHLAED 
ABB74107_Nitrosospira_multiformis_25196 : AAAHGERSQEPFLRMRTIQWYDMKWGPE---TTKVNDIATMTGKFHLAED 
AAB86882_Nitrosospira_sp_NpAV_amoB1     : AAAHGERSQEPFLRMRTIQWYDMKWGPD---TTKVNDFATMTGKFHLAED 
Methylomirabilis_oxyfera_Twente_pmoB    : AWAHGERSQEPFLRMRTITFYDTKWSKA---RVQPGETMDLTGKFHTFSE 
Methylomirabilis_oxyfera_Ooij_pmoB      : AWAHGERSQEPFLRMRTITFYDTKWSKA---RVQPGETMDLTGKFHTFSE 
 
                                                                                             
                                                  60         *        80         *       100 
ABK77030_Cenarchaeum_symbiosum_A        : FVSLVERDLRGWNSIFSESTNAGNRWEILSRD----PPGNVFDIPGNSEI 
ABY89142_Nitrosopumilus_maritimus_SCM1  : LVSLVERDLRGWISIFSESTNAGNRWEMLSRD----PPGNVFDIPGNSVV 
AAU92183_Methylococcus_capsulatus_Bath  : WPETVDEPDVAFLNVGMPGPVFIRKESYIGGQ----LVPRSVRLEIGKTY 
BAE86886_Methylomicrobium_japanense_NI  : WPETVDKPEVAFLNIGIPGPVFIRAGSWIGGQ----LVPRSVSLELGETY 
ACE95889_Methylomicrobium_album_BG8_pmB2: WPVSVPKPDAAFLNVSTPGPVLIRTERWLNGK----PWVNSVALQPGGDY 
CAE47801_Methylocystis_sp_SC2_pmoB1     : WPQAVANPRVSFLNAGEPGPVLVRTAQFIGEQ----FAPRSVSLVPGNDY 
CAE48353_Methylocystis_sp_SC2_pmoB2     : WPQAVARPGESFLNVGEPGPVLIRKSAFVGEV----PVPRTFSMDVGNDY 
BAF49661_Methylocaldum_sp_T_025         : WPETVAEPDTAFLNVGIPGPVFIRKASYIGGQ----LVPRSVRLEIGKTY 
AAF37894_Methylosinus_trichosporium_OB3b: WPQAVANPKSSFLNAGEPGPVLVRTAQFIGEQ----FAPRSVSLEVGKDY 
ACE95887_Methylobacter_sp_BB5_1_pmoB2   : WPISVPKPEASFLNISTPGPVLI--------------------------- 
ACE95892_Methylomonas_methanica_S1_pmoB2: WPVSVPKPEASFLNISTPGPVLIRTERYLNGK----PWTNSVALEPGGDY 
CAJ01618_Methylocapsa_acidiphila_B2     : WPVAVAKPEVAFLNVGMPGPVLVREGSFLGGK----FVPRSTSLELGKTY 
ABU88156_M_fumariolicum_SolV_pmoB1      : WPHELGFSGIAYINFFEPGPRLVRKETVVNGQ----PVFSSMIVKLGDTY 
ABU88149_M_fumariolicum_SolV_pmoB2      : WPQEIPFSGISFFNFFVPGPQVLRKAIFVNEKY---FQFNSVVLEKGGVY 
ABU88153_M_fumariolicum_SolV_pmoB3      : WPEEIPFTGISFFNFFVPGPQVLRKAIWVNEKY---FQFNSVVLEKGGTY 
ABA58954_Nitrosococcus_oceani_ATCC19707 : WPEAVEKPHVSFLNAGQPGPVTARLTSYVNGM----FVPRSIGLELGGDY 
ABI60299_Nitrosomonas_eutropha_C91      : WPRAAARPDFAFFNVGSPSSVYVRLSTKINGH----PWFISGPLQIGRDY 
ABB74107_Nitrosospira_multiformis_25196 : WPRAVGKPGRAFFNVGSPSPVFVRLSTKLNGE----PTYISGPMEIGRDY 
AAB86882_Nitrosospira_sp_NpAV_amoB1     : WPRAVGKPGRAFFNVGSPSPVFVRLSTKLNGE----PTYISGPLEIGRDY 
Methylomirabilis_oxyfera_Twente_pmoB    : WPRAVNTPESIFLHYSVPGPSMLKKEAWMNGM----PVINATSTQLGGDY 
Methylomirabilis_oxyfera_Ooij_pmoB      : WPRAVNTPESIFLHYSVPGPSMLKKEAWMNGM----PVINATSTQLGGDY 
   
                                                        % %                                 
                                                   *       120         *       140         * 
ABK77030_Cenarchaeum_symbiosum_A        : PYEICALALEPGVYHVHTQLNVATVGPGLGPGQTVVVDGE-----FILKE 
ABY89142_Nitrosopumilus_maritimus_SCM1  : DYQLSAKALEAGVYHVHTQLNVAQVGPGLGPGQTVVVEGE-----PIIKP 
AAU92183_Methylococcus_capsulatus_Bath  : DFRVVLKARRPGDWHVHTMMNVQGGGPIIGPGKWITVEGSMSEFRNPVTT 
BAE86886_Methylomicrobium_japanense_NI  : EFKVLLKARRPGDWHVHTMMNVEGGGPIIGPGKWVTITGSMGDFKNPITT 
ACE95889_Methylomicrobium_album_BG8_pmB2: EFKIVLKGRLPGRYHIHPFFNLKDAVSMAP-------------------- 
CAE47801_Methylocystis_sp_SC2_pmoB1     : AFSINLRGRRAGRWHVHAQINVEGGGPIIGPGQWIEIKGDMKDFTDPVTL 
CAE48353_Methylocystis_sp_SC2_pmoB2     : EYKIVLKARRQGRYHVHVQINVKDGGPIVGPGQWITIKGDMKDFTNPVTL 
BAF49661_Methylocaldum_sp_T_025         : DFKVVLKARRPGDWHVHTMMNVEGGGPIIGPGKWITIEGSMSEFKNPVTT 
AAF37894_Methylosinus_trichosporium_OB3b: AFSIDLKARRAGRWHVHAQINVEGGGPIIGPGQWIEIKGDMADFKDPVTL 
ACE95887_Methylobacter_sp_BB5_1_pmoB2   : -------------------------------------------------- 
ACE95892_Methylomonas_methanica_S1_pmoB2: DFKVVLKGRLPGRYHIHPFFNLKDAGQVMGPGVWLEIGGNPSDFTNTIKT 
CAJ01618_Methylocapsa_acidiphila_B2     : EFRVLLKARRQGRWHVHTQLSVQTGGPIIGPGQWVEIKGDMADFKNPVTL 
ABU88156_M_fumariolicum_SolV_pmoB1      : DFKEVLTARRPGTWPVGVTMNIKDIGPIVGPSIKVTIDPSSAPFTNTVQT 
ABU88149_M_fumariolicum_SolV_pmoB2      : EYKMVNQARTPGIWPVGPMVSMEEAGPFIGPEEFLTIEGSGAGFTNPVKT 
ABU88153_M_fumariolicum_SolV_pmoB3      : AYKMVLQARNPGIFPMGPMLSMEGAGPFIGPEEFLTIEGTKGSFANPVKT 
ABA58954_Nitrosococcus_oceani_ATCC19707 : EFEMTMQGRRPGTWHVHTLLNVQGGGPLIGPGKYITITGDMADFESKITD 
ABI60299_Nitrosomonas_eutropha_C91      : AFEVQLRARIPGRHHMHAMLNVKDAGPIAGPGAWMNVTGSWDDFTNPLKL 
ABB74107_Nitrosospira_multiformis_25196 : AFEVRLKARIPGRHHMHAMVNIKDAGPIAGPAAWMNISGSWDDFTNPVKL 
AAB86882_Nitrosospira_sp_NpAV_amoB1     : AFEVKLKARIPGRHHMHAMVNIKDAGPIAGPAAWMNITGSWDDFTNPVKL 
Methylomirabilis_oxyfera_Twente_pmoB    : DYRMNIMGRVTGTYHVHPMVNIEGGGPLVGGGEFVTVDGDWSNFTNNVTT 
Methylomirabilis_oxyfera_Ooij_pmoB      : DYRMNIMGRVTGTYHVHPMVNIEGGGPLVGGGEFVTVEGDWSNFTNNITT 
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                                                 160         *       180         *       200 
ABK77030_Cenarchaeum_symbiosum_A        : IPYTNIAYQSIIIGVGYVITFATRPWQVI--------------------- 
ABY89142_Nitrosopumilus_maritimus_SCM1  : IPYTNIAYQSIMIGVGYVITFAT--------------------------- 
AAU92183_Methylococcus_capsulatus_Bath  : LTGQTVDLENYNEGNTYFWHAFWFAIGVAWIGYWSRRPIFIPRLLMVDAG 
BAE86886_Methylomicrobium_japanense_NI  : LTGETIDLETYALDGVYGWHLFWYVLGVAWMVYWCRKPVFIPRRIAVDAG 
ACE95889_Methylomicrobium_album_BG8_pmB2: -------------------------------------------------- 
CAE47801_Methylocystis_sp_SC2_pmoB1     : LDGSTVDLETYGISRVYAWHLPWLAVGAAWILFWFVRKGIIASYLRVATG 
CAE48353_Methylocystis_sp_SC2_pmoB2     : LEGSTIDLETYGITWTYIYHFFWMAAAAAWILYWFMTKGIIVRYWQVKAG 
BAF49661_Methylocaldum_sp_T_025         : LTGQTVDLETYNEGNTYFWHGASGSAIGMCLGWWYWGTVVRRFLPRLPDG 
AAF37894_Methylosinus_trichosporium_OB3b: LDGTTVDLETYGIDRIYAWHFPWMIAAAAWILYWFFKKGIIASYLRISEG 
ACE95887_Methylobacter_sp_BB5_1_pmoB2   : -------------------------------------------------- 
ACE95892_Methylomonas_methanica_S1_pmoB2: INGELIDMESFGFANGVFWHLF---------------------------- 
CAJ01618_Methylocapsa_acidiphila_B2     : LNGEVIDLEQYKIGNIYFWHTVWFIAGVAWVFYWFRKRGFVGRYISVASG 
ABU88156_M_fumariolicum_SolV_pmoB1      : LSGQSINLENYGLSRAMGWSFLWVLLGIGWLYYWLILKPTAPRLGLAYLE 
ABU88149_M_fumariolicum_SolV_pmoB2      : LLGNTIDLENYGEGRMIAWTLLTSAIAVVWLVYWCSKPFT-RRLGLVAAG 
ABU88153_M_fumariolicum_SolV_pmoB3      : LLGNTVDLENYGTARVITWTIFTTLIGVVWLGYWLAKPFT-RRLGLVAAG 
ABA58954_Nitrosococcus_oceani_ATCC19707 : LTGNTVNLETMATGTVIGWHLFWYVLGIAWIWWWARRPMFLPRYMRIEAG 
ABI60299_Nitrosomonas_eutropha_C91      : LTGETIDSETFNLSNGIFWHILWMSIGIFWIGIFVARPMFLPRSRVLLAY 
ABB74107_Nitrosospira_multiformis_25196 : LTGETIDTETFNFSNGIFWHILWLSLGIFWIGYYVARPMFLPRSRVLLAY 
AAB86882_Nitrosospira_sp_NpAV_amoB1     : LTGETIDTETFNFNNGIFWHLLWLGLGCFWIGYYVARPMFLPRSRVLLAY 
Methylomirabilis_oxyfera_Twente_pmoB    : IDGTTVNMEVHGQGRIIGWWLLWTFVGVFWLLWWVRRPFT-RRLFQVGVV 
Methylomirabilis_oxyfera_Ooij_pmoB      : IDGTTVDMEVHGQGRIIGWWLLWTFVGVLWLLGWXXRPFT-RRLFQVGVV 
       
                                                                                            
                                                   *       220         *       240         * 
ABK77030_Cenarchaeum_symbiosum_A        : -------------------------------------------------- 
ABY89142_Nitrosopumilus_maritimus_SCM1  : -------------------------------------------------- 
AAU92183_Methylococcus_capsulatus_Bath  : RAD----ELVSATDRKVAMGFLAATILIVVMAMSSANSKYPITIPLQAGT 
BAE86886_Methylomicrobium_japanense_NI  : KAD----SLITPTDKKVGMAFAAGTMAIVAISMGQANEKYPVTTPLQAGL 
ACE95889_Methylomicrobium_album_BG8_pmB2: -------------------------------------------------- 
CAE47801_Methylocystis_sp_SC2_pmoB1     : KVD----EQVTDDDKRIGAIVLALTILATIVGYAVTNSTFPRTIPLQAGL 
CAE48353_Methylocystis_sp_SC2_pmoB2     : KGR----ELIGQDEKRIGAVTLAAVLLAVLVFYASANREFPRTLPMQAGL 
BAF49661_Methylocaldum_sp_T_025         : RSGSCERADFGGVTKKVAMGFAAATILIVIFAMSSANSKYPITIPLQAGT 
AAF37894_Methylosinus_trichosporium_OB3b: KDE----EQIGDDDRRVGAIVLAVTILATIIGYAVTNSTFPRTIPLQAGL 
ACE95887_Methylobacter_sp_BB5_1_pmoB2   : -------------------------------------------------- 
ACE95892_Methylomonas_methanica_S1_pmoB2: -------------------------------------------------- 
CAJ01618_Methylocapsa_acidiphila_B2     : KGG----ELITPLERQIGAGALAATLLVVIISYALTASEFPRTIPLQAGN 
ABU88156_M_fumariolicum_SolV_pmoB1      : KED----ELVTKQDQKFGFLFLAIVIVLVFGGAFITSKQFPIVIPLQKTF 
ABU88149_M_fumariolicum_SolV_pmoB2      : RKE----DLFSPMDRQVCFLFTIGTIVLVAAAAMITKAQYPITIPIQETK 
ABU88153_M_fumariolicum_SolV_pmoB3      : RKE----ELFNPLDRQVCFLFTVGTIVIVAAAALITKAQYPVTIPIQETK 
ABA58954_Nitrosococcus_oceani_ATCC19707 : EAN----DLVTAQDKKLTIGVLVGVLLIILFGFKSAEDKFPVTIPLQAGL 
ABI60299_Nitrosomonas_eutropha_C91      : GDD----LLLDPMDKKITWVLAILTLAIVWGGYRYTETKHPYTVPIQAGQ 
ABB74107_Nitrosospira_multiformis_25196 : GDE----LLLDPMDRKVAWVVLILTFGIVWGGYRYTETKHPYTVPIQAGE 
AAB86882_Nitrosospira_sp_NpAV_amoB1     : GDD----LLLDPMDKKVAWIVLIATFGIVWGGYRYTETKHPYTVPIQAGE 
Methylomirabilis_oxyfera_Twente_pmoB    : PEE----ELVSPGDRTLGLVLMIATVLIVAIGYVTTNGAYPITIPLQTGR 
Methylomirabilis_oxyfera_Ooij_pmoB      : PEE----ELVSSGDRTLGLVLMIATVLIVAIGYVTTNGAYPITIPLQTGR 
   
                                                                                            
                                                 260         *       280         *       300 
ABK77030_Cenarchaeum_symbiosum_A        : -------------------------------------------------- 
ABY89142_Nitrosopumilus_maritimus_SCM1  : -------------------------------------------------- 
AAU92183_Methylococcus_capsulatus_Bath  : MRGMKPLELPAP------TVSVKVEDATYRVPGRAMRMKLTITNHGNSPI 
BAE86886_Methylomicrobium_japanense_NI  : MRGIKSLELPQP------TVSVKVVDASYRVPGRAMQMTLEITNNGDSAV 
ACE95889_Methylomicrobium_album_BG8_pmB2: -------------------------------------------------- 
CAE47801_Methylocystis_sp_SC2_pmoB1     : QKPLTPLVTDGTAGVGKERVTSELNGGVYKVPGRELTINVKVTNSTSEPL 
CAE48353_Methylocystis_sp_SC2_pmoB2     : LTGISPIDEPR------STVAVQFKGGSYTVPGRELRIRAKVTNNGKEPI 
BAF49661_Methylocaldum_sp_T_025         : LRGIQPIEEPK------ATVAVKVNDASYRVPGRAMRMKLTITNNGDKPV 
AAF37894_Methylosinus_trichosporium_OB3b: QKPLTPIIEEGTAGVGPHVVTAELKGGVYKVPGRELTIQVKVTNKTDEPL 
ACE95887_Methylobacter_sp_BB5_1_pmoB2   : -------------------------------------------------- 
ACE95892_Methylomonas_methanica_S1_pmoB2: -------------------------------------------------- 
CAJ01618_Methylocapsa_acidiphila_B2     : IRAIDALNIPE------SPIKVEYLRGTYKVPGRELVATYKITNTGKEPV 
ABU88156_M_fumariolicum_SolV_pmoB1      : VRINPLPKEST-------FVEAKVSKATYYVQQRSLDFDLIVTNKGNEKV 
ABU88149_M_fumariolicum_SolV_pmoB2      : YYIKPLPPEPA-------LIQAEVTDATYDVPGRTLSFHLQVKNIGDKPV 
ABU88153_M_fumariolicum_SolV_pmoB3      : YYIKPLPPEPT-------LIQAEVTDATYDVPGRTLSFHIQVKNVGDKPV 
ABA58954_Nitrosococcus_oceani_ATCC19707 : LGTIDSLPVDYN-----SMVSANVLKANYRVPGRTISMTVEITNHTDQVI 
ABI60299_Nitrosomonas_eutropha_C91      : SKVAPLPVAPN-------PVAIKITDANYDVPGRALRVSMEVTNNGDTPV 
ABB74107_Nitrosospira_multiformis_25196 : SKVEPLPVKPN-------PIAIKVTHANYDVPGRALRVTMSVTNSGDKPY 
AAB86882_Nitrosospira_sp_NpAV_amoB1     : SKVQPMPVKPN-------PIAIKVTHANYDVPGRALRVTMSVTNSGDTAY 
Methylomirabilis_oxyfera_Twente_pmoB    : MDTPELKPTTEFTPYSHATVKARPVTAVYTVPGRSLGMVIEVTNGSNRPQ 
Methylomirabilis_oxyfera_Ooij_pmoB      : MDTPELKATTEFTPYAHATVKARPVTAVYTVPGRSLGMVIEVTNGSNRPQ 
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                                                   *       320         *       340         * 
ABK77030_Cenarchaeum_symbiosum_A        : -------------------------------------------------- 
ABY89142_Nitrosopumilus_maritimus_SCM1  : -------------------------------------------------- 
AAU92183_Methylococcus_capsulatus_Bath  : RLGEFYTASVRFLDSDVYKDTTGYPEDLLAEDGLSVSDNSPLAPGETRTV 
BAE86886_Methylomicrobium_japanense_NI  : RLAEFNTASVRFLDADVYEDDTNYPDDLLAEEGLSVSDNSPLAPGETRTV 
ACE95889_Methylomicrobium_album_BG8_pmB2: -------------------------------------------------- 
CAE47801_Methylocystis_sp_SC2_pmoB1     : RLGEYTAAGLRFLNPDVFTTKPDFPDYLLADRGLS-TDPTPIAPGETKEI 
CAE48353_Methylocystis_sp_SC2_pmoB2     : RLGEFTSAGLRFLNPDVFTTRPDFPDYLLADRGLSVSDPNPIAPGETRDL 
BAF49661_Methylocaldum_sp_T_025         : RLGEFYTASVRFLDADVYKDTTGYPEDLLADDGLEVSDNSPIQPGETRTV 
AAF37894_Methylosinus_trichosporium_OB3b: KLGEYTAAGLRFLNPDVFTTKPEFPDYLLADRGLS-TDPTPLAPGETKTI 
ACE95887_Methylobacter_sp_BB5_1_pmoB2   : -------------------------------------------------- 
ACE95892_Methylomonas_methanica_S1_pmoB2: -------------------------------------------------- 
CAJ01618_Methylocapsa_acidiphila_B2     : RVGEFATATLRFLNPDVYTQKVDYPEYILAERGLSLSDNAPIAPGETKEL 
ABU88156_M_fumariolicum_SolV_pmoB1      : YLRRFQTANVAFLNPAAPDNQWPADSPEVNGGELQITPNEPILPGETKQL 
ABU88149_M_fumariolicum_SolV_pmoB2      : VLKEFLTANVRFLNPDVPGNTWNENNPEVNGGPMRVTPSEPINPGETKTL 
ABU88153_M_fumariolicum_SolV_pmoB3      : VLKEFLTANVRFLNPDIPGNTWNPSFPEVNGGPMKVSPSEPINPGETKTI 
ABA58954_Nitrosococcus_oceani_ATCC19707 : SIGEFNTGGIRFMNANVRVDETDYPEELLAPEGLEVSQQD-IAPGETVVV 
ABI60299_Nitrosomonas_eutropha_C91      : TFGEFTTAGIRFVNSTGRKYLDPQYPRELVAVGLNFDDDGAIQPGETKQL 
ABB74107_Nitrosospira_multiformis_25196 : RIGEFTTAGVRFINKVGLKHLDRGYPKELVATGLSFDNETPIQPGETREV 
AAB86882_Nitrosospira_sp_NpAV_amoB1     : RIGEFTTAGVRFINKVGLKHLDRNYPKELVATGLSFDNDAPIQPGETREV 
Methylomirabilis_oxyfera_Twente_pmoB    : QLGGFITANLQFRDPALFPDSR---------LKIKVEPAGPIPPGQTVTM 
Methylomirabilis_oxyfera_Ooij_pmoB      : QLGGFITANLQFRDPALFPDSR---------LKVKVEPAGPIAPGQTVTL 
  
                                                                                   +        
                                                 360         *       380         *       400 
ABK77030_Cenarchaeum_symbiosum_A        : -------------------------------------------------- 
ABY89142_Nitrosopumilus_maritimus_SCM1  : -------------------------------------------------- 
AAU92183_Methylococcus_capsulatus_Bath  : DVTASDAAWEVYRLSDIIYDPDSRFAGLLFFFDATGNRQVVQIDAPLIPS 
BAE86886_Methylomicrobium_japanense_NI  : DVTASDAAWEVYRLADLIYDPDSRFAGLLFFIDEDGNRQMTMVDAPLIPT 
ACE95889_Methylomicrobium_album_BG8_pmB2: -------------------------------------------------- 
CAE47801_Methylocystis_sp_SC2_pmoB1     : AVKVQDARWDIERLSDLAYDTDSQIGGLLMFFSPTGRRFAAEIGGPVIPK 
CAE48353_Methylocystis_sp_SC2_pmoB2     : EVIVQDARFDIERLSDLAYDTDSQFGGLLFFFSPSGERQRAEIGGPVIPK 
BAF49661_Methylocaldum_sp_T_025         : EVTASDAAWEVYRLSDIIYDPDSRFAGLLFFFDDQGGRQIVQIDAPLIPS 
AAF37894_Methylosinus_trichosporium_OB3b: EVKVQDARWDIERLSDLAYDTDSQIGGLLMFFSPSGKRYATEIGGPVIPK 
ACE95887_Methylobacter_sp_BB5_1_pmoB2   : -------------------------------------------------- 
ACE95892_Methylomonas_methanica_S1_pmoB2: -------------------------------------------------- 
CAJ01618_Methylocapsa_acidiphila_B2     : TVKVQDARWDTERLADLAYDVDSSFAGLMFFFTPSGARYEVETGGPVIPE 
ABU88156_M_fumariolicum_SolV_pmoB1      : HIKAQGAAWEVERLSTIYKESSSRFGGLIFFGDTAGNRNIIAIADQFVVP 
ABU88149_M_fumariolicum_SolV_pmoB2      : EVSMQSAEWENQRLT-MYHESTNRFGGLLFFTDTSGTRQVFAIADQIVIP 
ABU88153_M_fumariolicum_SolV_pmoB3      : EVSMQSAEWENQRLT-MYNETTNRFGGLLFFTDPSGTRQIYAIADQIVIP 
ABA58954_Nitrosococcus_oceani_ATCC19707 : DISATDAAWEVQRMADVIYDPDSRFAGLIFFVDPEGNEIPIPIGGPLVPT 
ABI60299_Nitrosomonas_eutropha_C91      : RMEAKDALWEIQRLMALLGDPESRFGGLLMSWDSEGNRHINSIAGPVIPV 
ABB74107_Nitrosospira_multiformis_25196 : KMEAKDALWEVQRLMALLGDPESRFGGLLMTWSEDGDRNINSIAGAVIPV 
AAB86882_Nitrosospira_sp_NpAV_amoB1     : KMVAKDALWEVQRLMALLGDPESRFGGLLMTWSDSGDRNINSIAGAVIPV 
Methylomirabilis_oxyfera_Twente_pmoB    : SIDATDAEWEYQRLAELIYDSDSRYGGLFEFFDADKNRQIVEVGGP-VIP 
Methylomirabilis_oxyfera_Ooij_pmoB      : SVDATDAEWEYQRLAELIYDSDSRYGGLLEFFDADKNRQIVEVGGP-VIP 
 
 
 
 

c 
                                                   *        20         *        40         * 
ABK77035_Cenarchaeum_symbiosum_A        : -MLMAQMPALIPKEVEIQRLKKIWMIMIAMGSVAASVEVDNFVDGSLHQT 
ABY89141_Nitrosopumilus_maritimus_SCM1  : MITMAQMPALIPKEVEIQRLKKIWLIVIAMGSTAASVEVDNFVDGSLHQT 
AAU92181_Methylococcus_capsulatus_Bath  : WMNFLYTEIVLEIVTASILWGYLWKT-RDR--NLAALTPREELRRNFT-H 
BAE86884_Methylomicrobium_japanense_NI  : WMNFLYIEMVLEVLTASILWGYIWKS-RDR--KVMSITPREELRRHLT-H 
CAE47799_Methylocystis_sp_SC_pmoC1      : WMSILWTEIPLELISGIGLAGFLWKT-RTR--DFSTLTAREEMRRLVV-E 
CAE48351_Methylocystis_sp_SC2_pmoC2     : WMNLMWTELPLEFVAFCGIGGYLWKT-RDR--NIDAVAPREEMRRILT-L 
BAF49659_Methylocaldum_sp_T_025_pmoC    : WMNFLYTEIVLEVVTASILWGYLWKT-RDR--NMAALAPREELRRNMT-H 
AAF37893_Methylosinus_trichosporium_OB3b: WLSILWTEIPLELVSGLALAGWLWKT-RDR--NVDAVAPREELRRHVV-L 
CAJ01616_Methylocapsa_acidiphila_pmoC   : WMTILYIEEPTELIAFLGLIGYLWKT-RPN--DLDTVAPREELRRIFY-L 
ABU88150_M_fumariolicum_SolV_pmoC1      : WMSILYTELILEPTTLIALCSWLWVT-RDR--AMENLAPAEELRRYWN-L 
ABU88151_M_fumariolicum_SolV_pmoC2      : WMNLLLAELALEALSFIAVCTWLWVT-RDR--NLENISPVEELRRYWN-L 
ABU88154_M_fumariolicum_SolV_pmoC3      : WMNLFWGITIMNVIIWGLTWGWIWFVYRDR--HLEQLNPGEELKRWYSNW 
ABA58956_Nitrosococcus_oceani_ATCC_19707: WMNLLYIELVVEALATAALVSYLIKT-RDR--NMEAMTPREELRRYCT-L 
ABI60301_Nitrosomonas_eutropha_C91      : WMGLWRVHMAIMPLFALVTWGWIWKT-RDTEEQLNNLDPKLEIKRYFY-Y 
ABB74105_Nitrosospira_multiformis_25196 : WMGLWRVHMIVMPLFALITWGWIWKT-RDTKEQLDNLDPKLEVKRYFY-W 
AAC69319_Nitrosospira_sp_NpAV_amoC1     : WMGLWRVHMIVMPIFALVTWGWIWKT-RDT--NLDNLDPKLEIKRYFY-W 
Methylomirabilis_oxyfera_Twente_pmoC2   : WWNMLIGELIIEGAVLTFALGYIWKT-RDR--NLDKITPEEELRRFWG-L 
Methylomirabilis_oxyfera_Twente_pmoC1   : WWNMLIGELIIEGAVLTFALGYIWKT-RDR--NLDKITPEEELRRFWG-L 
Methylomirabilis_oxyfera_Ooij_pmoC1     : WWNMLIGELIIEGAVLVFTLGYIWKT-RDR--NLDRITPEEELRRFWG-L 
Methylomirabilis_oxyfera_Ooij_pmoC2     : WWNMLIGELIIEGAVLVFTLGYIWKT-RDR--NLDRITPEEELRRFWG-L 
 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 



16www.nature.com/nature

doi: 10.1038/nature08883 SUPPLEMENTARY INFORMATION

 18

                                                            #   #            #         
                                                  60         *        80         *       100 
ABK77035_Cenarchaeum_symbiosum_A        : SIRDSAFTPAHWWLYSHFVALPLGWGSVAIYDR----------------- 
ABY89141_Nitrosopumilus_maritimus_SCM1  : SIRDSAFTPAHWWLYSHFVALPLGWGSAAIYDR----------------- 
AAU92181_Methylococcus_capsulatus_Bath  : LVWLVAYAWAIYWGASYFTEQDGTWHQTIVRDTDFTPSHIIEFYLSYPIY 
BAE86884_Methylomicrobium_japanense_NI  : WTWLMMYGIAIYFGASYFTEQDGTWHQTIVRDTDFTPSHIIEFYLSYPIY 
CAE47799_Methylocystis_sp_SC_pmoC1      : VQWLVVYAAAIYWGASFFTEQDGTWHMTVIRDTDFTPSHIIEFYMSYPIY 
CAE48351_Methylocystis_sp_SC2_pmoC2     : IGWLAVYAFSVYWGASYFTEQDGTWHQTVIRDTDFTPSHILEFYLSYPIY 
BAF49659_Methylocaldum_sp_T_025_pmoC    : LIWLFAYAWAIYWGASYFTEQDGTWHQTIVRDTDFTPSHIIEFYLSYPIY 
AAF37893_Methylosinus_trichosporium_OB3b: VEWLVVYAVAIYWGASFFTEQDGTWHMTVIRDTDFTPSHIIEFYMSYPIY 
CAJ01616_Methylocapsa_acidiphila_pmoC   : FNWIFVYGVAIYWGASYFTEQDGTWHQTVIRDTDFTPSHIIEFYMSYPIY 
ABU88150_M_fumariolicum_SolV_pmoC1      : GLYLVVYTTLLYWGASYYTEQDGTWHQTVIRDTDFTPSHIIEFYQSYPIY 
ABU88151_M_fumariolicum_SolV_pmoC2      : GLFIVVYTVGLYWGASYFTEQDGTWHQTVIRDTDFTPSHIIEFYQSYPIY 
ABU88154_M_fumariolicum_SolV_pmoC3      : LITLGVYAWCLVW-AVFFVEQDGVWHSSMIRDTEFTPSHIFNFYLSWPIF 
ABA58956_Nitrosococcus_oceani_ATCC_19707: YMWWVVYGVGLFWGASFFTEQDGAWHQTVVRDTDFTPSHIIEFYMSYPIY 
ABI60301_Nitrosomonas_eutropha_C91      : MMWLGVYIFGVYWGGSFFTEQDASWHQVIIRDTSFTPSHVVVFYGSFPMY 
ABB74105_Nitrosospira_multiformis_25196 : MMWLGVYLFGVYWGGSFFTEQDASWHQVIIRDTSFTPSHVVVFYGSFPMY 
AAC69319_Nitrosospira_sp_NpAV_amoC1     : MMWLGVYLFGVYWGGSFFTEQDASWHQVIIRDTSFTPSHVVVFYGSFPMY 
Methylomirabilis_oxyfera_Twente_pmoC2   : GQWIATFAWAVYWGASFFTEQDGTWHQTVIRDTDFTPSHIIEFYLSYPIY 
Methylomirabilis_oxyfera_Twente_pmoC1   : GQWIATFAWAVYWGASFFTEQDGTWHQTVIRDTDFTPSHIIEFYLSYPIY 
Methylomirabilis_oxyfera_Ooij_pmoC1     : GQWIVTFAWAVYWGASFFTEQDGTWHQTVIRDTDFTPSHIIEFYLSYPIY 
Methylomirabilis_oxyfera_Ooij_pmoC2     : GQWIVTFAWAVYWGASFFTEQDGTWHQTVIRDTDFTPSHIIEFYLSYPIY 
 
                                                   *       120         *       140         * 
ABK77035_Cenarchaeum_symbiosum_A        : -------------RVPTLRGPNNSMNTGLKMTILGYLATMFTIGVNEMWH 
ABY89141_Nitrosopumilus_maritimus_SCM1  : -------------KVPVLRGPNNSMNTGLKMTILGYLATMFTIGVNEMWH 
AAU92181_Methylococcus_capsulatus_Bath  : IITGFAAFIYAKTRLPFFAKGISLP---YLVLVVGPFMILPNVGLNEWGH 
BAE86884_Methylomicrobium_japanense_NI  : IITGGASFLYAKTRLPTYQQGLS---LQYLVVVVGPFMILPNVGLNEWGH 
CAE47799_Methylocystis_sp_SC_pmoC1      : SVIAVGGFFYAKTRLPYFAKG-YS--VAYLIVAIGPFMIIPNVGLNEWGH 
CAE48351_Methylocystis_sp_SC2_pmoC2     : IICGWGAFMYAHTRIPQFAKR-IS--LAFLMFFAGPFMIFPNIGLNEWGH 
BAF49659_Methylocaldum_sp_T_025_pmoC    : IITGGGAFLYAHTRLPYFQTTTKGLSLAYLILWTGPFMILPNVGLNEWGH 
AAF37893_Methylosinus_trichosporium_OB3b: SIMAVGAFFYAKTRIPYFAHG-FS--LAFLIVAIGPFMIIPNVGLNEWGH 
CAJ01616_Methylocapsa_acidiphila_pmoC   : IIMGVGGFVYARTRLPTFGSKGYS--VAYLLLFVGPFMIFPNVALNEWGH 
ABU88150_M_fumariolicum_SolV_pmoC1      : IVAGVGSMVYAMTRLPQYAKAFSVP---YAVLVGSPLMIFPNVGLNEFGH 
ABU88151_M_fumariolicum_SolV_pmoC2      : IILGVGSFMYAITRLPMFARSFSIP---YAVLVGSPLMIFPNVGLNEFGH 
ABU88154_M_fumariolicum_SolV_pmoC3      : INFGVAGLMLTRTRLPVMGKKWLLP---LVMEVAWPIMFIPLIGENEWGH 
ABA58956_Nitrosococcus_oceani_ATCC_19707: VMVGLGSFTYAKTRIPYFAKGWSVP---YLMLVFGPFMIFPNVGLNEWGH 
ABI60301_Nitrosomonas_eutropha_C91      : IVCGVATYLYAMTRLPLFHRGISFP---LVMAIAGPLMILPNVGLNEWGH 
ABB74105_Nitrosospira_multiformis_25196 : IVCGIASYLYAMTRLPLYSRGTSFP---LVMAIAGPLMILPNVGLNEWGH 
AAC69319_Nitrosospira_sp_NpAV_amoC1     : IVCGVASYLYAMTRLPLYARGTSFP---LVMAIAGPLMILPNVGLNEWGH 
Methylomirabilis_oxyfera_Twente_pmoC2   : IIIGISAYMWARTRLPLFSKAHSIP---FMLTVGGPAMIFVNVALNEWGH 
Methylomirabilis_oxyfera_Twente_pmoC1   : IIIGISAYMWARTRLPLFSKAHSIP---FMLTVGGPAMIFVNVALNEWGH 
Methylomirabilis_oxyfera_Ooij_pmoC1     : IIIGINAYMWARTRIPLFSKXXXXP---FMLTVGGPAMIFVNVALNEWGH 
Methylomirabilis_oxyfera_Ooij_pmoC2     : IIIGINAYMWARTRIPLFSKXXXXP---FMLTVGGPAMIFVNVALNEWGH 
     
                                                 160         *       180         *       200 
ABK77035_Cenarchaeum_symbiosum_A        : -FWFVEEIFAVPNHWMFNMGVVVAFMGALAYVVRVYARLIELGAETPGEN 
ABY89141_Nitrosopumilus_maritimus_SCM1  : -FWFVEEIFAVPNHWMFNMGVVVAFMGALAYVVRVYARLVELGAETPGEN 
AAU92181_Methylococcus_capsulatus_Bath  : TFWFMEELFVAPLHYGFVIFGWLALA-VMGTLTQTFYSFAQGGLGQSLCE 
BAE86884_Methylomicrobium_japanense_NI  : TFWFMEELFVAPLHYGFVFFGWSALG-VLGVINIELGALSKLLKKDLA-- 
CAE47799_Methylocystis_sp_SC_pmoC1      : TFWFMEELFVAPLHWGFVFFRWMALG-VFGVVLQLLINIQRLIGKEGVAL 
CAE48351_Methylocystis_sp_SC2_pmoC2     : TFWFMEELFTAPLHWGFVFFGWFALA-VFGVARQVLDRVIELSKEYEKDA 
BAF49659_Methylocaldum_sp_T_025_pmoC    : TFWFMEELFVAPLHYGFVIFGWLALA-IMGVLLQIFASVSN-LMGKEICE 
AAF37893_Methylosinus_trichosporium_OB3b: TFWFMEELFVAPLHWGFVFFGWMALG-VFGVVLQILMGVKRLIGKDCVAA 
CAJ01616_Methylocapsa_acidiphila_pmoC   : TFWFMEELFVAPLHWMFVFFGWFMLS-VFGVSLQILGRIKELCTGYEDVV 
ABU88150_M_fumariolicum_SolV_pmoC1      : TRWFMEELFVAPLHWGFVMFGWGALA-ILGTVLQICPRILELIKQVYYGK 
ABU88151_M_fumariolicum_SolV_pmoC2      : TRWFMEELFVAPLHWGFVAFGWGALA-IMGVWLQACPRVYELIKQVYLGK 
ABU88154_M_fumariolicum_SolV_pmoC3      : SAWILEEWFAAPLHWTFVPFAWAAVW-FLGNGFDMFPRIAAVLKATYFGE 
ABA58956_Nitrosococcus_oceani_ATCC_19707: TFWFMEELFVAPLHWGFVFFAWFILA-VFGVFLQVQPRMKELIGRELQQS 
ABI60301_Nitrosomonas_eutropha_C91      : AFWFMEELFSAPLHWGFVVLGWAGLF-QGGVAAQIITRYSNLTDVVWNNQ 
ABB74105_Nitrosospira_multiformis_25196 : AFWFMEELFSAPLHWGFVILGWSGLF-AGGIAAQIITRYSNLTDVVWNGQ 
AAC69319_Nitrosospira_sp_NpAV_amoC1     : AFWFMEELFSAPLHWGFVILGWSGLF-AGGIAAQIITRYSNLTDVVWNGQ 
Methylomirabilis_oxyfera_Twente_pmoC2   : TFWIMEELFVAPLHWGFVTLGWCLFG-VYGVAAAMCPRIFELIRITSGGK 
Methylomirabilis_oxyfera_Twente_pmoC1   : TFWIMEELFVAPLHWGFVTLGWCLFG-VYGVAAAMCPRIFELIRITSGGK 
Methylomirabilis_oxyfera_Ooij_pmoC1     : TFWIMEELFVAPLHWGFVTLGWCLFG-VYGVAAAMCPRIFELIKITSXXX 
Methylomirabilis_oxyfera_Ooij_pmoC2     : TFWIMEELFVAPLHWGFVTLGWCLFG-VYGVAAAMCPRIFELIKITSXXX 
 

 

Supplementary Figure 4 │ Alignments of representatives of partial (a) PmoA 
and AmoA, (b) PmoB and AmoB and (c) PmoC and AmoC sequences, 
including those from M. oxyfera enrichment cultures “Twente” and “Ooij”. Highly 
conserved positions in both PmoA and AmoA, as identified in ref. 45, are 
highlighted in yellow, with those positions that differ in M. oxyfera shown in red. 
Positions found to be conserved in the PmoA of all methane oxidisers and 
different in AmoA of ammonia oxidisers are highlighted in dark green, while 
those conserved in AmoA of all proteobacterial ammonia oxidisers and differing 
in PmoA are identified in dark blue. Also positions identified in ref. 44 as zinc 
ligands (#), mononuclear copper ligands (+) and dinuclear copper ligands (%) in 
M. capsulatus (Bath) pMMO are marked. 
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Supplementary Figure 5 │ Production of 15N-labelled dinitrogen gas and 
consumption of methane after addition (t = 11 min) of 15N-labelled nitric oxide 
(15NO). Like nitrite, nitric oxide apparently sustains methane oxidation. 
Experimental conditions are the same as for Figure 3. Red circles: CH4; 
turquoise diamonds: 15NO; blue triangles: 15,15N2 and 14,15N2; green squares 
15,15N2O and 14,15N2O. 
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Supplementary Figure 6 │ Oxygen-exchange between 18O-nitrite and 
(unlabelled) water mediated by M. oxyfera enrichment culture “Ooij”. 18O-
labelled NO2

- was prepared according to ref. 50, and the labelling percentage 
was measured by GC-MS as described in the method section after conversion 
to N2O (ref. 51). Control incubations of 18O-NO2

- in identical medium without 
biomass showed no measurable O-exchange over a period of 4 h. 

 

Supplementary Figure 7 │Schematic setup for the measurement of 
nitrogenous intermediates by microsensors and membrane-inlet mass 
spectrometry (see Figure 3 and Supplementary Figure 5). 


