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Phylogenetic diversity of nirS-type denitrifying bacteria in
Jiulong River estuary

HONG Xuan'? HONG You-Wei’ CHEN Zhong-Wei’
ZHAO Chun-Gui' YANG Su-Ping""

(1. Department of Bioengineering and Biotechnology, Huaqiao University, Xiamen, Fujian 361021, China)
(2. Department of Pharmacy, Xiamen Medical College, Xiamen, Fujian 361008, China)
(3. Institute of Urban Environment, Chinese Academy of Science, Xiamen, Fujian 361021, China)

Abstract: [Objective] To understand the microbial community of denitrifying bacteria in Jiulong River
estuary. [Methods] The sampling site was in Jiulong River estuary that was characterized by
eutrophication. The water sample and sediment sample were collected and the environmental
physicochemical factors were analyzed. The 16S rRNA gene and nirS gene clone libraries were
constructed based on water sample and sediment sample respectively. [Results] In the 16S rRNA gene
clone library, 86 valid sequences were grouped into 53 OTUs based on 97% sequence similarity and
clustered into 6 different bacterial groups on the phylum level: Proteobacteria (Alpha, Beta, Gamma
and Delta), Planctomycetes, Bacteroidetes, Actinobacteria, Firmicutes and Chloroflexi. Among these
groups, Proteobacteria was the predominant member (62.9%). Of the nirS gene clone library 190 valid
sequences were translated to conceptual amino acid sequences and group into 60 OTUs based on 82%
similarity for genus identification. Among the 190 sequences, 71.6% were clustered into Proteobacteria
phylum, including Alphaproteobacteria (5.8%), Betaproteobacteria (49.0%) and Gammaproteobacteria
(16.9%). The most abundant OTU shared 100% sequence similarity to sequences from the nitrite
reductase of Thauera sp. R-26906, a species of cultured denitrifier. [Conclusion] High diversity of the
microbial community as well as nirS genes were found in the Jiulong River estuary. Most of the NirS
sequences of this study shared quite high similarity to known sequences from various similar
environments such as estuary and gulf.

Keywords: Denitrifying bacteria, nirS gene, Diversity of microbial community, Estuary, Phylogenetic
analysis
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Table 1 Environmental parameters at the sampling sites

FE AL PR BA fi A RIZIEE) WERRER
Sample pH NH,-N (mg/L) NOs -N (mg/L) NO; -N (mg/L) PO, "-P (mg/L)
JKEE Water sample 7.54 0.705 0.661 0.257 10.5
YLFRY) Sediment sample 7.41 0.684 0.672 0.235 10.8
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Figure 1 Phylogenetic tree based on 16S rRNA gene sequences
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Note: Phylogenetic tree was constructed based on 16S rRNA gene sequences of the representatives of each OTU at 3% cut off and their
closest relatives from GenBank. Numbers in parenthesis behind the names of OTUs refer to the number of sequences belonging to each OTU.

The OTUs containing only one sequence were not labeled. Bootstrap values above 50% for 1 000 replicates are shown at branch points.
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Figure 2 Taxonomic distribution of 16S rRNA gene and nirS gene clone libraries on the level of class

TE: A: 16S rRNA KD siRESCE; B nirS HeH 5ofi SCE.
Note: A: 16S rRNA gene clone library; B: nirS gene clone library.
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Table 2 Biodiversity and predicted richness of 16S rRNA gene and nirS gene clone libraries

ek OTU % ) ) 2632
}'E@j(ﬁ? TR o Simpson (D) Shannon-Weiner (H') Schaol  SACE Bl
Clone library Number of clones Number of OTUs Coverage
16S rRNA 86 53 0.02 3.74 140.9 163.1 0.56
nirS 190 60 0.05 3.47 128.6  144.7 0.81

M OTU HFfibLFkE— %751, 7E GenBank 1
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AT IR 3), I HIEET RIS 2 LR 751
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PEFMSERE, (5 ek T 2801 49.0%, A 21 4 OTU
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%3  NirS FFIFEEUME L X

Table 3 Comparison of the NirS sequences

OTU% % T AIEL ol SRR T A B R E BB BT 51 75115 AR
OTU No. Number of sequences Accession No. Closest cultured relative (accession No.) Identity (%)
OTU1 8 JX660492 Bacterium symbiont of Nonionella stella (AFM76975.1) 83
OTU2 36 JX660493 Thauera sp. R-26906 (CAK95700.1) 100
OTU3 6 J1X660494 Anaerolinea thermophila UNI-1 (BAJ64797.1) 78
OTU4 2 JX660495 Paracoccus sp. R-28239 (CAJ76808.1) 82
OTUS 1 J1X660496 Cupriavidus pauculus (ADN28072.1) 83
OTU6 12 JX660499 Thiothrix sp. AS (AGO45492.1) 81
OTU7 12 JX660500 Bacterium symbiont of Nonionella stella (AFM76975.1) 76
OTUS 5 JX660502 Azoarcus sp. UNPF34a (BAL52284.1) 76
OTU9 1 JX660504 Anaerolinea thermophila UNI-1 (BAJ64797.1) 75
OTU10 1 JX660549 Thiothrix sp. AS (AGO45492.1) 85
OTU11 3 JX660507 Cupriavidus sp. TSA25(BA167036.1) 80
OTU12 1 JX660508 Thiothrix sp. AS(AGO45492.1) 78
OTU13 4 JX660509 Ralstonia sp. UNPF19a (BAL52290.1) 100
OTU14 2 JX660512 Labrenzia aggregate (EAV41893.1) 81
OTU1S5 2 JX660513 Bacillus cereus (AEO89629.1) 84
OTU16 1 JX660514 Bacillus cereus (ABD94583.1) 85
OTU17 2 JX660516 Cupriavidus sp. TSA23 (BAI67035.1) 83
OTU18 4 JX660520 Dechloromonas sp. R-28451 (CAJ76755.1) 89
OTU19 1 JX660522 Anaerolinea thermophila UNI-1 (BAJ64797.1) 78
OTU20 2 JX660525 Cupriavidus sp. TSA25 (BA167036.1) 75
OTU21 2 JX660526 Thiothrix sp. AS (AG0O45492.1) 80
OTU22 1 JX660527 Thiothrix sp. AS (AGO45492.1) 79
OTU23 1 JX660534 Caenispirillum salinarum (WP_009542118) 62
OTU24 10 JX660536 Rhodocyclales bacterium UNPF16 (BAL52292.1) 72
OTU25 7 JX660537 Bacterium symbiont of Nonionella stella (AFM76975.1) 90
OTU26 6 JX660545 Thiothrix sp. AS (AG0O45492.1) 80
OTU27 3 IX660547 Azoarcus sp. UNPF34a (BAL52284.1) 79
OTU28 7 JX660548 Dechloromonas sp. R-28451 (CAJ76755.1) 94
OTU29 2 JX660553 Bacterium symbiont of Nonionella stella (AFM76975.1) 76
OTU30 1 JX660554 Zoogloea sp. UNPF36 (BAL52297.1) 75
OTU31 8 JX660556 Herbaspirillum sp. TSO46-2 (ABA18615.1) 79
OTU32 1 JX660559 Habhella chejuensis KCTC 2396 (ABC31120.1) 79
OTU33 6 JX660562 Ralstonia sp. UNPF19a (BAL52290.1) 70
OTU34 1 JX660563 Cupriavidus sp. TSA25 (ABA18615.1) 76
OTU35 1 JX660565 Anaerolinea thermophila UNI-1 (BAJ64797.1) 78
(Gis)
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(BR)
OTU36 1 JX660576 Hahella ganghwensis (WP_020408328.1) 78
OTU37 2 JX660582 Herbaspirillum sp. TSO23-1 (BAJ11544.1) 85
OTU38 1 JX660593 Burkholderiaceae bacterium N52 (BAH90677.1) 85
OTU39 1 JX660595 Thiothrix caldifontis (ABD94583.1) 79
OTU40 1 JX660600 Alpha proteobacterium 4N (AFX65532.1) 90
OTU41 1 IX660610 Thiothrix sp. AS (AG0O45492.1) 85
OTuU42 1 JX660612 Comamonas sp. R-28227 (CAJ76756.1) 78
OTUS50 1 IX660646 Marinobacter sp. CG157051 (ABG36515.1) 72
OTUS1 1 J1X660647 Azoarcus sp. UNPF34a (BAL52284.1) 77
OTUS52 1 JX660655 Comamonas sp. R-28227 (CAJ76756.1) 78
OTUS3 1 JX660657 Thiothrix eikelboomii (AGO45493.1) 80
OTUS4 1 JX660661 Anaerolinea thermophila UNI-1 (BAJ64797.1) 74
OTUS55 1 IX660664 Rhodanobacter sp. D206a (BA167028.1) 79
OTUS56 1 JX660672 Azospirillum sp. TSO28-1 (BAJ11547.1) 77
OTU57 1 JX660680 Pseudomonas grimontii (ABF65969.1) 66
OTUS8 1 JX660681 Polymorphum gilvum (WP_013651333) 49
OTU59 1 JX660682 Ralstonia sp. UNPF19a (BAL52290.1) 65
OTU60 1 JX660683 Anaerolinea thermophila (WP_013561145.1) 48
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3 e
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Figure 3 Phylogenetic tree based on translated nirS sequences
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Note: Phylogenetic tree was constructed based on translated nirS sequences of the representatives of each OTU at 18% cut off. Bootstrap

values above 50% of for 1 000 replicates are shown at branch points.
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