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Alignment of predicted amino acid sequences of putative ammonia monooxygenase subunits.  Sequences homologous to bacterial ammonia monooxygenase genes were reported in previous analyses of the Sargasso Sea metagenome1.  We used these sequences to search for additional homologs in the Sargasso Sea metagenome and in genome fragments attributed to soil Crenarchaeota2, 3.   Oligonucleotide primers were designed based on the alignment of predicted amino acid sequences encoding each of the three enzyme subunits (AmoA, AmoB and AmoC) shown below. Numbers in parentheses and brackets correspond to GenBank accession numbers for amino acid and/or nucleotide sequences, respectively.

A. Putative AmoA
SCM1_amoA

[DQ085098]

SargSea_amoA1
(EAE51025)
[AACY01435967]

SargSea_amoA2
--
[AACY01017302]

SargSea_amoA3
--
[AACY01075168]

SargSea_amoA4
--
[AACY01575171]

SargSea_amoA5
--
[AACY01007942]

SargSea_amoA6
--
[AACY01020737]

SargSea_amoA7
--
[AACY01057256]

SargSea_amoA8
--
[AACY01765291]

SargSea_amoA9
--
[AACY01606230]

SargSea_amoA10
--
[AACY01500052]

SoilCren_amoA
(CAF28771)
[AJ627422]

SCM1_amoA
1
............CTHYLFIVVVAVNSTLLTINAGDYIFYTDWAWTSYTVFSISQTLMLIV
48

SargSea_amoA1
1
LSGLNLMVWLRRCTHYLFIVVVAVNSTLLTINAGDYIFYTDWAWTSFVVFSISQTLMLAV
60

SargSea_amoA2
1
......MVWLRRCTHYLFIVVVAVNSTLLTINAGDYIFYTDWAWTSFVVFSISQTLMLTV
54

SargSea_amoA3
1
......MVWLRRCTHYLFIVVVAVNSTLLTINAGDYIFYTDWAWTSFVVFSISQTLMLTV
54

SargSea_amoA4
1
......MVWLRRCTHYLFIVVVAVNSTLLTINAGDYIFYTDWAWTSYTVFSISQTLMLIV
54

SargSea_amoA5
1
......MVWLRRCTHYLFIVVVAVNSTLLTINAGDYIFYTDWAWTSFVVFSISQTLMLTV
54

SargSea_amoA7
1
......MVWLRRCTHYLFIVVVAVNSTLLTINAGDYIFYTDWAWTSFVVFSISQTLMLAV
54

SoilCren_amoA
1
....LVMVWLRRTTHYLFIVVVAVNSTLLTINAGDYIFYTDWAWTSFVVFSVSQSTMLVV
56

SCM1_amoA
49
GATYYLTFTGVPGTATYYALIMTVYTWIAKAAWFSLGYPYDFIVTPVWLPSAMLLDLVYW
108

SargSea_amoA1
61
GASYYLTFTGVPGTATYYALIMTVYTWIAKGAWFALGYPYDFIVTPVWLPSAMLLDLAYW
120

SargSea_amoA2
55
GACYYLTFTGVPGTATYYALIMTVYTWIAKGAWFALGYPYDFIVTPVWLPSAMLLDLAYW
114

SargSea_amoA3
55
GACYYLTFTGVPGTATYYALIMTVYTWIAKGAWFALGYPYDFIVTPVWLPSAMLLDLAYW
114

SargSea_amoA4
55
GATYYLTFTGVPGTATYYALIMTVYTWIAKGAWFALGYPYDFIVTPVWLPSAMLLDLVYW
114

SargSea_amoA5
55
GACYYLTFTGVPGTATYYALIMTVYTWIAKGAWFALGYPYDFIVTPVWLPSAMLLDLAYW
114

SargSea_amoA7
55
GAAYYLTFTGVPGTATYYALIMTVYTWIAKGAWFALGYPYDFMY................
98

SargSea_amoA6
1
...........................................VTPVWLPSAMLLDLAYW
17

SoilCren_amoA
57
GAIYYMLFTGVPGTATYYATIMTIYTWVAKGAWFALGYPYDFIVTPVWIPSAMLLDLTYW
116

SCM1_amoA
109
ATKKNKHSLILFGGVLVGMSLPLFNMVNLITVADPLETAFKYPRPTLPPYMTPIEPQVGK
168

SargSea_amoA1
121
ATKKNKHSLILFGGVLVGMSLPLFNMVNLITVADPLETAFKYPRPTLPPYMTPIEPQVGK
180

SargSea_amoA2
115
ATKKNKHSLILFGGVLVGMSLPLFNMVNLITVADPLETAFKYPRPTLPPYMTPIEPQVGK
174

SargSea_amoA3
115
ATKKNKHSLILFGGVLVGMSLPLFNMVNLITVADPLETAFKYPRPTLPPYMTPIEPQVGK
174

SargSea_amoA4
115
ATKKNKHSLILFGGVLVGMSLPLFNMVNLITVADPLETAFKYPRPTLPPYMTPIEPQVGK
174

SargSea_amoA5
115
ATKKNKHSLILFGGVLVGMSLPLFNMVNLITVADPLETAFKYPRPTLPPYMTPIEPQVGK
174

SargSea_amoA6
18
ATKKNKHSLILFGGVLVGMSLPLFNMVNLITVADPLETAFKYPRPTLPPYMTPIEPQVGK
77

SargSea_amoA8
1
........................................KYPRPTLPPYMTPIEPQVGK
20

SargSea_amoA9
1
.............................................TLPPYMTPIEPQVGK
15

SoilCren_amoA
117
ATRRNKHAAIIIGGTLVGLSLPIFNMINLLLVRDPLEMAFKYPRPTLPPYMTPIEPQVGK
176

SCM1_amoA
169
FYNSPVALGAGAGAVLGCTFAALGCKLNTWTYR..........
201

SargSea_amoA1
181
FYNSPVALGAGAGAVLSVTFTALGCKLTTWTYRWMAAWSKWD*
222

SargSea_amoA2
175
FYNSPVALGAGAGAVLACTFAALGCKLTTWTYRWMAAWSKWD*
216

SargSea_amoA3
175
FYNSPVALGAGAGAVLACTFAALGCKLTTWTYRWMAAWSKWD*
216

SargSea_amoA4
175
FYNSPVALGAGAGAVLACTFAALG...................
198

SargSea_amoA5
175
FYNSPVALGAGAGAVLACTLRQ.....................
196

SargSea_amoA6
78
FYNSPVALGAGAGAVLACTFTALGCKLTTWTYRWMAAWSKWD*
119

SargSea_amoA8
21
FYNSPVALGAGAGAVLACTFTALGCKLTTWTYRWMAAWSKWD*
62

SargSea_amoA9
16
FYNSPVALGAGAGAVLACTFAALGCKLTTWTYRWMAAWSKWD*
57

SargSea_amoA10
1
..NSPVALGAGAGAVLACTFTALGCKLTTWTYRWMAAWSKWD*
40

SoilCren_amoA
177
FYNSPVALGSGAGAVLSVPIAALGAKLNTWTYRWMAAWSKWD*
218

B. Putative AmoB
SCM1_amoB

[DQ085099]

SargSea_amoB1
(EAI95680)
[AACY01075167]

SargSea_amoB2
(EAC20747)
[AACY01666890]

SargSea_amoB3
(EAC08352)
[AACY01679565]

SargSea_amoB4
(EAG97261)
[AACY01204262]

SargSea_amoB5
(EAD86602)
[AACY01500051]

SargSea_amoB6
--
[AACY01017301]

SargSea_amoB7
--
[AACY01571827]

SoilCren_amoB
(CAF28769)
[AJ627422]

SCM1_amoB
1
..............................................QLQSRFVRIEDETF
14

SargSea_amoB1
1
........MVDRKVMAFALATVMVVGVFGPNVATMIQTAEGHGVQAQLQSRFIRIEDETF
52

SargSea_amoB2
1
..................................MIQTAEGHGVQAQLQSRFIRIEDETF
26

SargSea_amoB3
1
..................................MIQTAEGHGVQAQLQSRFIRIEDETF
26

SargSea_amoB4
1
..................................MIQTAEGHGVQAQLQSRFIRIEDETF
26

SargSea_amoB5
1
............................................QAQLQSRFIRIEDETF
16

SoilCren_amoB
1
LFFLVRLGVNYTSNIKIAVVALFAIVMSTSTMIAIAQTAEGHGVQAQLQSRFVRIQDEAF
60

SCM1_amoB
15
NRQSLQTGETLVLQGTLVSLVERDLRGWISIFSESTNAGNRWEMLSRDPPGNVFDIPGNS
74

SargSea_amoB1
53
NRQSLQTGEVLTLSGAFVSLIDSDMRAWSSIFSESTNAGNRWEILARDPPGNVFDIPGND
112

SargSea_amoB2
27
NRQSLQTGEVLTLSGAFVSLIDSDMRAWSSIFSESTNAGNRWEILARDPPGNVFDIPGND
86

SargSea_amoB3
27
NRQSLQTGEVLTLSGAFVSLIDSDMRAWSSIFSESTNAGNRWEILARDPPGNVFDIPGND
86

SargSea_amoB4
27
NRQSLQTGEVLTLSGAFVSLIDSDMRAWSSIFSESTNAGNRWEILARDPPGNVFDIPGND
86

SargSea_amoB5
17
NRQSLQTGEVLTLSGAFVSLIDSDMRAWSSIFSESTNAGNRWEILARDPPGNVFDIPGND
76

SargSea_amoB6
1
...................................................HVFDIPGND
9

SoilCren_amoB
61
SAQTLNTGDQLVVTGNLQSLVNKPLRAWLSLFSESTNAGNRWEFIARDPPGNIFDIPPQG
120

SCM1_amoB
75
VVDYQLSAKALEAGVYHVHTQLNVAQVGPGLGPGQTVVVEGEPIIKPIPYTNIAYQSIMI
134

SargSea_amoB1
113
VVDYEISARALEPGVYHVHTQLNIEHVGPGLGPGQTVVVEGEPILKPIPYTNIAYQSIII
172

SargSea_amoB2
87
VVDYEISARALEPGVYHVHTQLNIEHVGPGLGPGQTVVVEGEPILKPIPYTNIAYQSIII
146

SargSea_amoB3
87
VVDYEISARALEPGVYHVHTQLNIEHVGPGLGPGQTVVVEGEPILKPIPYTNIAYQSIII
146

SargSea_amoB4
87
VVDYEISARALEPGVYHVHTQLNIEHVGPGLGPGQTVVVEGDPILKPIPYTNIAYQSIII
146

SargSea_amoB5
77
VVDYEISARALEPGVYHVHTQLNIEHVGPGLGPGQTVVVEGEPILKPIPYTNIAYQSIII
136

SargSea_amoB6
10
VVDYEISARALEPGVYHVHTQLNIEHVGPGLGPGQTVVVEGEPILKPIPYTNIAYQSIII
69

SargSea_amoB7
1
...............................................IPYTNIAYQSIII
13

SoilCren_amoB
121
TIPYSITAKALEPGVYHVHTQLNVEHVGPGLGPGQTIQVSGPAILKAVPWGNVAYQVILI
180

SCM1_amoB
135
GVGYVITFAT.......
144

SargSea_amoB1
173
AVGYVITFATRPWQVI*
188

SargSea_amoB2
147
AVGYVITFATRPWQVI*
162

SargSea_amoB3
147
AVGYVITFATRPWQVI*
162

SargSea_amoB4
147
AVGYVITFATRPWQVI*
162

SargSea_amoB5
137
AVGYVITFATRPWQVI*
152

SargSea_amoB6
70
AVGYVITFATRPWQVI*
85

SargSea_amoB7
14
AVGYVITFATRPWQVI*
29

SoilCren_amoB
181
GAGLGVTFATRPWQVI*
196

C. Putative AmoC

SCM1_amoC

[DQ085100]

SargSea_amoC1
--
[AACY01075167]

SargSea_amoC2
(EAF55715)
[AACY01330706]

SargSea_amoC3
--
[AACY01007942]

SargSea_amoC4
--
[AACY01017302]

SargSea_amoC5
--
[AACY01057256]

SargSea_amoC6
--
[AACY01788167]

SargSea_amoC7
--
[AACY01204262]

SoilCren_amoC
--
[AAFX01011825]

SCM1_amoC
1
......LIPKEVEIQRLKKIWLIVIAMGSTAASVEVDNFVDGSLHQTSIRDSAFTPAHWW
54

SargSea_amoC1
1
MAQMPALLPKEVEIQRLKKIWLVVIAMGSTAASVEVDNFVDGSLHQTSIRDSAFTPAHWW
60

SargSea_amoC2
1
.....................................NFVDGSLHQTSIRDSAFTPAHWW
23

SargSea_amoC7
1
MAQMPALLPKEVEIQRLKKIWLVVIAMGSTAASVEVDK......................
38

SoilCren_amoC
1
.......................WKYAGSIAASVEVDTFVDGSLLKQLYXDSAFTXAHWW
37

SCM1_amoC
55
LYSHFVALPLGWGSAAIYDRKVPVLRGPNNSMNTGLKMTILGYLATMFTIGVNEMWHFWF
114

SargSea_amoC1
61
LYSHFVALPLGWGFAAIYDRKVPVLRGPNNSMNTGLKMTILGYLATMFTIGVNEMWHFWF
120

SargSea_amoC2
24
LYSHFVALPLGWGFVAIYDRKVPVLRGPNNSMNTGLKMTILGYLATMFTIGVNEMWHFWF
83

SargSea_amoC3
1
..............AAIYDRKVPVLRGPNNSMNTGLKMTILGYLATMFTIGVNEMWHFWF
46

SargSea_amoC4
1
...................RKVPVLRGPNNSMNTGLKMTILGYLATMFTIGVNEMWHFWF
41

SargSea_amoC5
1
................................NTGLKMTILGYLATMFTIGVNEMWHFWF
28

SargSea_amoC6
1
...................................................VNEMWHFWF
9

SoilCren_amoC
38
LYSHYIA*PLGWGFVAMYDRRVPVLRGQNNSMNTGLKITIIGYLATMFTIGINEMWHFWF
97

SCM1_amoC
115
VEEIFAVPNHWMFNMGVVVAFMGALAYVVRVYARLVELGAETPGENPYVAEMYKMALEGK
174

SargSea_amoC1
121
VEEIFAVPNHWMFNMGVVVAFMGALAYVVRVYARLVELGAETPGENPYVAEMYKMALEGK
180

SargSea_amoC2
84
VEEIFAVPNHWMFNMGVVVAFMGALAYVVRVYARLVELGAETPGENPYVAEMYKMALEGK
143

SargSea_amoC3
47
VEEIFAVPNHWMFNMGVVVAFMGALAYVVRVYARLVELGAETPGENPYVAEMYKMALEGK
106

SargSea_amoC4
42
VEEIFAVPNHWMFNMGVVVAFMGALAYVVRVYARLVELGAETPGENPYVAEMYKMALEGK
101

SargSea_amoC5
29
VEEIFAVPNHWMFNMGVVVAFMGALAYVVRVYARLVELGAETPGENPYVAEMYKMALEGK
88

SargSea_amoC6
10
VEEIFAVPNHWMFNMGVVVAFMGALAYVVRVYARLVELGAETPGENPYVAEMYKMALEGK
69

SoilCren_amoC
98
VEEIFSVLTIWMFNMGVVVA?MGALAYVVRVYARLVELGAETPGKNPYVAEMYKLALEGK
157

SCM1_amoC
174
........
174

SargSea_amoC1
181
LYSRSIP*
187

SargSea_amoC2
144
LYSRSIP*
150

SargSea_amoC3
107
LYSRSIP*
113

SargSea_amoC4
102
LYSRSIP*
108

SargSea_amoC5
89
LYSRSIP*
95

SargSea_amoC6
70
LYSRSIP*
76

SoilCren_amoC
158
LYSRSIP*
164

Molecular analysis of SCM1 clonal structure.  The clonal structure of SCM1 was investigated using molecular methods.  DNA fragments containing most of the 16S rRNA (1452 bases), the complete 16S-23S internal transcribed spacer (ITS; 145 bases), and a small portion of the 23S rRNA gene (53 bases) were amplified by PCR using Arch21F and an archaeal-specific 23S rDNA primer (ArchLSU51R: TCGCAGCTTRSCACGYCCTTC)4.  Amplification reactions (50 µl) contained 500 nM of each primer, 250 mM of each dNTP, 2.5 U of a high-fidelity, thermostable DNA polymerase (PfuUltra; Stratagene) and 1 µl (~50 pmol) of genomic DNA.  PCR amplicons were generated using a PTC-100 Programmable Thermal Controller (MJ Research, Inc.) programmed for the following cycling profile: 94 ºC for 3 min.; 30 cycles of 94 ºC for 30 s, 56 ºC for 30 s and 72 ºC for 3 min.; a final elongation step of 72 ºC for 1 min.  Amplification products were cloned using the Zero Blunt TOPO Cloning Kit (Invitrogen) and completely sequenced on both strands.  Of the 80 clones analyzed, seventy-five showed identical nucleotide sequences over the entire 1651 bases.  The remaining five clones contained single nucleotide changes that resulted either in disruption of proper base-pairing in secondary structure motifs (2 of 5) or in alterations of sequences highly conserved among known sequences of marine Crenarchaeota (3 of 5).  A similar analysis of the putative archaeal amoA gene amplified from SCM1 using primers CrenAmo1F and CrenAmo1R (PCR reaction mixture and thermocycler program as above) found that all 34 clones analyzed (603 bases) had identical sequences.  The observed frequency of variability in the SCM1 rRNA gene sequences agrees with the error rate reported by the manufacturer for PfuUltra.  These results indicate that SCM1 is a clonal population of marine Crenarchaeota.

SUBSTITUTIONS:

SCM1_CLONE#07:
bp 376
C ( A


SCM1_CLONE#57:
bp 376
C ( A


SCM1_CLONE#66:
bp 774
G ( A


SCM1_CLONE#16:
bp 1294
C ( T


SCM1_CLONE#36:
bp 1398
A ( G

Quantitative PCR.  Crenarchaeal 16S rRNA genes were amplified from samples using crenarchaeal-specific primers (Cren183F: CCTGGAATCGTTTRTGTTC and Cren599r: GCGTAYAGATTTAACCGAA).  Primer specificity was confirmed by sequence analysis.  Amplification reactions (10 µl) contained 500 nM of each primer, 2.25 mM MgCl2, 0.5 µl cell lysate, and 1 µl FastStart DNA Master SYBR Green I (Roche).  Ribosomal RNA genes were amplified using a Roche LightCycler programmed for the following cycle sequence: 95°C for 10 min., followed by 40 cycles of 95°C for 10 s, 57°C for 10 s, and 72°C for 25 s.  Bacterial 16S rRNA genes were amplified using bacterial-specific primers 8f or GM35 and 338r6 under similar conditions, except using an annealing step of 55 °C for 10 s and an elongation step of 72 ˚C for 20 s.  Abundance of crenarchaeal and bacterial 16S rRNA genes were estimated using standard curves generated from dilutions of crenarchaeal plasmid DNA or a mix of DNA from 30 different bacterial plasmids representing a variety of bacterial divisions.  Ratios were routinely confirmed by running different mixtures of crenarchaeal and bacterial plasmid DNA.  All samples were done in triplicate and compared against a blank and standards.
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