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Table 1. Hit organisms of two kinds of NIRs in

archaea
Phylum I I Sequenced genomes
Korarchaeota 0 1
Nanoarchaeota 0 2
Thaumarchaeota 0 43 43
Crenarchaeota 0 69 69
Euryarchaeota 0 105 124
Others 0 0 3
Total 0 217 242
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*2 WMEBEEAEDHSH (Chloroflexi) -
Table .2. Hit organisms of two kinds of NIRs in (Deinococcus-Thermus) I NIR
bacteria
Phylum I II Sequenced genomes 12 2)
Acidobacteria 0 1 8 II
Actinobacteria 1 531 I I
Aquificae 10 0 16
) 292 ) I
Bacteroidetes 120 185
Chlamydiae 0 0 108 ( ) I
Chlorobi 0 1 11 (217 )
Chloroflexi 10 15 25
. (Euryarchaeota) (105 )
Chrysiogenetes 0 0 1
Cyanobacteria 2 91 242
Deferribacteres 0 0 4 1I
Deinococcus-Thermus 12 3 24 (Bacteroidetes)
Dictyoglomi 0 0 2 o ) )
Fibrobacteres 0 0 5 (Firmicutes) (Nitrospirae)
Firmicutes 1 95 1086 (Spirochaetes) (Verrucomicrobia)
Fusobacteria 0 0 22 I NIR 100% (
Gemmatimonadetes 0 2 2 3 2)
Nitrospirae 3 20 23
Planctomycetes 2 2 6 I
Poribacteria 0 0 0 I 1I
Proteobacteria 346 292 2491 (Chlamydiae)
Spirochaetes 1 14 60 . )
Tenericutes 0 0 140 (Deferribacteres) (Fusobacteria)
Thermodesulfobacteria 0 0 4 (Dictyoglomi) (Poribacteria)
Thermotogae 0 0 29
Vi icrobi 0 10 10 . .
CTTICOMmICrobla (Thermomicrobia)
Others 0 0 48
Total 387 578 4929 (Planctomycetes)
Cupriavidus
NIR (Aquificae)
%3 [%ENRETHEISRATNA %
Table 3. Distribution of type I NIRs in every subgroups of Proteobacteria
Phylum Alpha- Beta- Gamma- Delta- Epsilon- Total
Sequenced genomes 400 390 1390 72 239 2491
Type I NIR 108 232 1 5 346
(NIR/Sequenced)/% 27.7 16.7 1.4 2.1 13.9
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2.2 I
. . 13
Pseudomonas aeruginosa (PDB:1INNO)!'*!
( 1 2) 1 2 (linker)
69% ¢
I 60% d, d, o
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Figure 1. Multiple sequence alignment of type I NIR (Accession number: Pseudomonas, WP_003111532.1;

Cupriavidus, AAZ64358.1; Deltaproteobacteria, 0GQ63959.1; Arcobacter, WP_066402611.1).
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Haloarcula 1 ---MST----IPTATRR----RVLEALGVGTAALAGCASAPGAKEQATEAETT---PQEP
Salisaeta 1 -MLQTN----RRTASDRSNVSRRSFMKGLGTAAAAGGFMASGLEAFGADYAME- --RPDI
Acidiferrobacter 1 MVTKTT----NGEAGEHEGAHA IGRRRFLQYATTAMGVASLAGLTPTSGAGTI --- IGAR
Thermaerobacter 1 MARPTSGPQGRAAQNRRRTRGWLALLLGLSMVAVTACGSSTAGDSNKGQVGSSGPGTEQA
Nitrososphaera 1 - -« - - - MNKA | IAGLAAGVLVVGLIFSPLFNGFP-------
Clustal consensus : .

Haloarcula 47 AMNAAQQTDVDR I AJOERIA | PDP IDRSEPKTVSVEMTTKEQVAE IEPEVTYTYMTEGDQ I
Salisaeta 53 PLGPVGR-KVNRVAROERID IPPP IRRHTSKTHDITLTSEEVVAE IEPVTFNFMTFGGQV
Acidiferrobacter 54 RIAQASG- ILKRVARDEAIH | PPP I ARRRPEIVPIVLEARE I IAEIEP[EVLFRFMTYNGQV
Thermaerobacter 61 QQVEPARADAKVVA[D[ZRIAVPEPVGKRPPKTVRIDLEAVELDGQLAD[TTYTYWTFENGQV
Nitrososphaera 28 - -------- LSAAQEIARIGVTR- - -HYTLIANEMEVQVAPDNALHPG[gI KYNAMVENGT I
Clustal consensus . =il : T . . : RV
Haloarcula 107 @M | RVRREPITVELT | TIEEGNSMPRIN IBLERY REEGGGAEASMV TP[QTK TFREKATY
Salisaeta 112 [FegdM | RVRQE TYNLTL TDASNRMPRINVPIFEFYV Y[EIAGGGAEATLVAP[QSRSFSFQAMY
Acidiferrobacter 113 [eldr | RVRE[E | IDLTFRMPK TNTEARID V- EINAMEIIGGGALATWTEP[EEARLRFERATY
Thermaerobacter 121 [ZldMLRVR V[ TVELHLKsPasca ifgls IPLEEV N[EEAGGGAVATQVKPEEKVF TWKALN
Nitrososphaera 77 [ZldVMASNAERBTVE I TLKEE - -cka IEs IBFEEA [dsQ-VLSGN | AA[JESKTWTENTPN

Clustal consensus 13 * * * .
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Clustal consensus 36 . * ::**". : - IR '
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Clustal consensus SO0 B H C I ¢ . T
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Salisaeta g coccocoocooc

Acidiferrobacter 371 - - - - - - - - - - -
Thermaerobacter 377 - - - - -« -« - - -
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Figure 2. Multiple sequence alignment of type II NIR (Accession number: Haloarcula, WP_011224471.1;
Salisaeta, WP_051141251.1; Acidiferrobacter, WP _065969876.1; Thermaerobacter, WP _006903597.1;
Nitrososphaera, AIC14236.1).
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2 2 il
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Figure 3. Phylogenetic tree of type I and II NIR.

The accession numbers are same as shown in figure 1

and 2.

[18]
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x4, THBRRCREREFEERASN
Table 4. Metagenomics analysis of NIR

Sample ID Sample regions Description INIR* IINIR* [|Sample ID Sample regions Description INIR* IINIR*
JCVI_SMPL_1103283000001 Sargasso Sea Open Ocean 15 44 JCVI_SMPL_1103283000039  Galapagos Islands Coastal 7 25
JCVI_SMPL 1103283000002 Sargasso Sea Open Ocean 7 31 JCVI_SMPL_1103283000040  Galapagos Islands Coastal 10 45
JCVI_SMPL _1103283000003 Sargasso Sea Open Ocean 10 57 JCVI_SMPL_1103283000041  Galapagos Islands Coastal 6 44
JCVI_SMPL 1103283000004 Sargasso Sea Open Ocean 8 47 JCVI_SMPL_1103283000042  Eastern Tropical Pacific Open Ocean 9 43
JCVI_SMPL_1103283000005 Sargasso Sea Open Ocean 1 11 JCVI_SMPL_1103283000044  Tropical South Pacific ~ Open Ocean 132 132
JCVI_SMPL 1103283000006 Sargasso Sea Open Ocean 9 30 JCVI_SMPL_1103283000048  Tropical South Pacific ~ Open Ocean 0 141
JCVI_SMPL _1103283000007 Sargasso Sea Open Ocean 11 48 JCVI_SMPL_1103283000049  Tropical South Pacific ~ Open Ocean 0 147
JCVI_SMPL_1103283000008 North American East Coast Coastal 7 39 JCVI_SMPL_1103283000050  Tropical South Pacific ~ Open Ocean 0 137
JCVI_SMPL_1103283000009 North American East Coast Coastal 10 44 JCVI_SMPL_1103283000052  Tropical South Pacific ~ Open Ocean 11 45
JCVI_SMPL 1103283000010 North American East Coast Coastal 9 59 JCVI_SMPL_1103283000053  Polynesia Archipelagos Coral Reef 6 54
JCVI_SMPL_1103283000011 North American East Coast Embayment 5 43 JCVI_SMPL_1103283000054  Polynesia Archipelagos Coastal 2 34
JCVI_SMPL_1103283000012 North American East Coast Estuary 8 52 JCVI_SMPL_1103283000055  Polynesia Archipelagos Coral Atoll 0 140
JCVI_SMPL_1103283000013 North American East Coast Coastal 12 55 JCVI_SMPL_1103283000056  Polynesia Archipelagos Coral Reef Atoll 3 31
JCVI_SMPL 1103283000014 North American East Coast Coastal 19 71 JCVI_SMPL_GS048b Polynesia Archipelagos Coral Reef 6 48
JCVI_SMPL_1103283000015 North American East Coast Coastal 10 69 JCVI_SMPL_GS108a Indian Ocean Lagoon Reef 0 27
JCVI_SMPL_1103283000016 North American East Coast Coastal 6 47 JCVI_SMPL_GS108b Indian Ocean Lagoon Reef 4 16
JCVI_SMPL_1103283000017 North American East Coast Estuary 10 49 JCVI_SMPL_GS109 Indian Ocean Open Ocean 8 43
JCVI_SMPL 1103283000018 North American East Coast Estuary 16 40 JCVI_SMPL_GS110a Indian Ocean Open Ocean 8 26
JCVI_SMPL_1103283000019 North American East Coast Coastal 9 39 JCVI_SMPL_GS110b Indian Ocean Open Ocean 2 4
JCVI_SMPL_1103283000020 North American East Coast Coastal 12 53 JCVI_SMPL_GSl111 Indian Ocean Open Ocean 3 20
JCVI_SMPL_1103283000021 Caribbean Sea Coastal 4 32 JCVI_SMPL_GS112a Indian Ocean Open Ocean 5 32
JCVI_SMPL 1103283000022 Caribbean Sea Coastal Sea 4 35 JCVI_SMPL_GS112b Indian Ocean Open Ocean 10 21
JCVI_SMPL_1103283000023 Caribbean Sea Open Ocean 7 42 JCVI_SMPL_GS113 Indian Ocean Open Ocean 15 45
JCVI_SMPL_1103283000024 Caribbean Sea Open Ocean 8 44 JCVI_SMPL_GS114 Indian Ocean Open Ocean 3 28
JCVI_SMPL_1103283000025 Caribbean Sea Coastal 2 39 JCVI_SMPL_GS115 Indian Ocean Open Ocean 2 29
JCVI_SMPL 1103283000026 Panama Canal Fresh Water 7 40 JCVI_SMPL_GS116 Indian Ocean Open Ocean 3 38
JCVI_SMPL_1103283000027 Eastern Tropical Pacific Coastal 8 59 JCVI_SMPL_GS117a Indian Ocean Coastal sample 5 36
JCVI_SMPL_1103283000028 Eastern Tropical Pacific Open Ocean 9 46 JCVI_SMPL_GS117b Indian Ocean Coastal sample 2 14
JCVI_SMPL_1103283000029 Eastern Tropical Pacific Open Ocean 7 29 JCVI_SMPL_GS119 Indian Ocean Open Ocean 3 25
JCVI_SMPL 1103283000030 Eastern Tropical Pacific Fringing Reef 7 14 JCVI_SMPL_GS120 Indian Ocean Open Ocean 4 35
JCVI_SMPL_1103283000031 Galapagos Islands Open Ocean 3 44 JCVI_SMPL_GS121 Indian Ocean Open Ocean 5 46
JCVI_SMPL_1103283000032 Galapagos Islands Coastal 9 53 JCVI_SMPL_GS122a Indian Ocean Open Ocean 3 31
JCVI_SMPL_1103283000033 Galapagos Islands Coastal 10 44 JCVI_SMPL_GS122b Indian Ocean Open Ocean 8 16
JCVI_SMPL 1103283000034 Galapagos Islands Coastal 14 62 JCVI_SMPL_GS123 Indian Ocean Open Ocean 4 45
JCVI_SMPL 1103283000035 Galapagos Islands ‘Warm Seep 13 61 JCVI_SMPL_GS148 Indian Ocean Fringing Reef 8 37
JCVI_SMPL_1103283000036 Galapagos Islands Coastal upwelling 8 57 JCVI_SMPL_GS149 Indian Ocean Harbor 10 43
JCVI_SMPL_1103283000037 Galapagos Islands Mangrove 3 41 Average - - 6 35
JCVI_SMPL 1103283000038 Galapagos Islands Hypersaline 3 60

*reads per 100000.
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Distribution, structure and sequence alignment, and metagenomics
analysis of two nitrite reductases with NO forming

Yufeng Xin', Tianying Zhao”, Xiaohua Qu'"

! College of Life Sciences, Qufu Normal University, Qufu 273165, Shandong Province, China
? Cuiying College of Lanzhou University, Lanzhou 730030, Gansu Province, China

Abstract: [Objective] To reflect the importance of nitrite reductase (NIR) in the environment, we studied its
distribution. [Methods] The sequences of NIR were searched in the sequenced genome database at NCBI based on
previous reported NIR sequences. The sequence similarity was done by multiple sequence alignment, and
phylogenetic relationship was evaluated via constructing the phylogenetic tree. Furthermore, their distribution in
the marine metagenome was studied by metagenomics. [Results] The homologues of these two enzymes were 397
and 812 strains in sequenced genome, and the proportion was 8 and 15.7 percent, respectively. Almost all of
archaea containing type II NIR. They have high identity by multiple sequence alignment analysis. The cofactor, the
substrate and the cooper binding sites in type II were high conserved, suggesting that these enzymes had the
specific function in denitrification. Phylogenetic analysis showed the two enzymes may have the common ancestor.
In marine metagenome analysis, type I and II have 6 and 35 reads per 100000 reads, respectively, the two types of
NIRs have the biggest proportion at the tropical south pacific area. [Conclusion] Collectively, we suggested NIR,
especially type 11, play a key role in bioremediation of nitrogen contamination.
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