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1.4 16S rRNA
1.4.1 DNA
DNA 16S rRNA o
8F:5"-AGAGTTTGATCCTGGCTC3";
1492R:5°-GGTTACCTTGTTACGACTT3". PCR
® (50 wL):10 x buffer(  Mg’*)5 pL
dNTPs 4 L 1 nL I nL
Taq 1 ubL 37 pL. PCR
94°C 5 min;94°C 30 s 60°C 30 s 72°C 2 min
30  ;72°C 10 min. PCR

C D o
1.4.2
http: / /eztaxon-e. ezbiocloud. net/ezt_identify '°
16S rRNA
MEGA 3.1 Clustal X
Neighbor—joining
1.5 N
0.5 g/L N 42
mg/L N N
~ + N + ~ +
+ o
200 mL 3300 x g
10 min
8 mL 400 mL
( 100 r/min) 28°C
6 h NH, -N".
NO,-N~ NO,-N~ N N
(TIN total inorganic nitrogen)
o ODyy -
1.6 pH
§ » (GB17378.4 —2007)
600 nm (0D, ;pH
pH o
2
2.1
X3 N N

( 1). 2216E 28°C 48 h

1 mm-1.5 mm

1 X3

(40000 x )
Fig. 1  Photograph of strain X3 under Scan Electronic
Microscope (40000 x ).
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C 1).

X3 8C
-37%C 28°C ;pH 6.5-9.5
8.5;C:N 1:1-30:1 10:1;
0.5% -15% 3% (. 2).
2.3 16S rRNA
. X3 16S rRNA
(1400 bp) GenBank (
JN580997)
X3 Halomonas sp.
16S rRNA 99 %

EzTaxon public

Halomonas titanicae strain BH1. Halomonas neptunia

Eplumel . Halomonas alkaliantarctica  strain

99.6% ~99. 1% 99. 1%
X3

strain

CRSS

v ( y-Proteobacteria’)
(Halomonas) - X3

MEGA3. 1 Neighbor—
16S rRNA C 2)
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1 X3

Table 1  The physiological and biochemical characteristics of strain X3

Characteristic X3 BH1 GYL Eplumel CRSS

Growth properties

Temperature: °C

Range 4 -44 4 -42 ND -11to35 10 =37
Optimum 28 30 -37 25 to 30 30 30
Tolerance to NaCl concentrations: (% )

Range 0.5-15 0.2-25 ND 0.5-27 2.2-22.2
Optimum 2-3 2-8 2-7 2-3 10
pH range

Range 5.5-10 5.5-9.5 ND 5-12 7.4-9.6
Optimum 8.5 ND 7.5-8.5 ND 9.0
Other phenotypic characteristics

Gram stain - - - ND -
Aerobics Facultative + + Facultative +
Motility - + - ND ND
color Cream ND ND Cream ND
Acid-producing by glucose + ND + + ND
Aerobic nitrate reduction + ND + + +
Aerobic nitrite reduction + ND ND - -
H, S—producing - ND ND - ND
MR test + ND + ND ND
VP test - ND - ND ND
Indole test - ND + ND +
Acid oxidation + ND + ND +
Enzymes:

Amylase + ND - - -
Lipase - ND + ND ND
Citric acid lyase - ND - ND ND
Catalase + ND - ND ND
Gelatinase + ND ND ND +
Casease - ND ND - -
Growth on:

Sucrose + ND + + +
Mannitol + ND + + ND
lactose + ND + + +
galactose + ND + + ND
maltose + + + + +

ND: not determined; + : positive; — I negative; X3: Data of strain X3; BHI :Data of Halomonas titanicae strain BHI (FN433898) " GYL: Data of
Halomonas sp. GYL’ ; Eplumel : Data of Halomonas neptunia strain Eplumel ** ; CRSS: Data of Halomonas alkaliantarctica strain CRSS . Except
the data of X3 is from this study the others are all from the references.

2 X3
Table 2 The concentration (0D, ) of strain X3 under different growing conditions after 3 days

T/C 0Dy oH 0Dy N 0Dy SI% 0Dy
4 0.038 £0.012 5.5 0.028 £0.011 0.1:1 0.014 £0. 027 0 0.021 £0.010
8 0.064 £0.021 6.5 0.194 £0.023 0.084 +0.011 0.5 0.048 £0.012
16 0. 083 +£0. 009 7.5 0.268 +£0.014 5:1 0. 154 £0.012 2 0.228 £0.013
24 0.125 £0.013 8.5 0.283 £0.017 10:1 0.234 +0. 021 3 0.264 £0.014
28 0.208 £0.015 9.5 0.278 £0. 025 15:1 0.205 £0.019 5 0.234 £0.015
37 0.193 £0.017 10.5 0.023 £0. 020 20:1 0.158 £0.013 8 0.205 £0. 028
41 0.026 £0.012 25:1 0.043 £0. 020 13 0.158 £0.012
30:1 0.042 +£0.023 15 0.043 £0.018
35:1 0.022 £0.015 17 0.022 £0.024

“T” represents the temperature “S” represents the salinity.
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Halomonas alkaliantarctica CRSS (AJ564880)
98
Halomonas boliviensis LC1(AY245449)
Halomonas neptunia Eplumel(AF212202)
99
A Halomonas titanicae BH1 (FN433898)
0.005 99
99 77 1X3 (JN580997)
Halomonas variabilis DSM 3051 (AI306893)
93 Halomonas sulfidaeris Esulfide] (AF212204)
Halomonas gomseomensis M12T (AM229314)
99 E Halomonas johnsoniae T68687 (AM941399)
89 I: Halomonas. sp. GYL (FI1387168)
99 Halomonas hydrothermalis SIthf2 (AF212218)
— Halomonas sediminis YIM C248 (EU135707)
Halomonas desiderata FB2 (X92417)
L Halomonas gudaonensis SL014B-69 (DQ421808)
64
Halomonas mongoliensis Z-7009 (AY962236)
90
3 |_| Halomonas denitrificans M29T (AM229317)
8 Halomonas alimentaria (AF211860)
81 —T Halomonas Deleya pacifica (L42616)
99 Halomonas salifodinae BC7 (EF527873)
Chromohalobacter israelensis ATCC 43985 T (AJ295144)
99 _|— Chromohalobacter beijerinckii ATCC 19372 (AB021386)
59 Chromohalobacter nigrandesensis LTS-4N (AJ277205)
2 16S rRNA X3
Fig. 2 Phylogenetic tree of strain X3 based on the complete sequences of 16S rRNA gene. Numbers in bracket are the
sequences accession number in GenBank. Numbers at the nodes indicate the bootstrap values on neighbor—oining analysis.
Bars represent 0. 5% sequence divergence.
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Fig.3  The result of nitrification ability test of strain X3. 12 -24 h 30 h
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Fig.4 The result of denitrification ability test of strain X3 in different
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Fig.5 Change of the concentrations of inorganic nitrogen with time in different test solutions. A:NH,” N + NO, -N test solutions

B:NH, N + NO; N test solutions C:NH,” N +NO, N + NO; -N test solutions.
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Phylogenetic analysis and nitrogen removal characteristics
of a heterotrophic nitrifying-aerobic denitrifying bacteria
strain from marine environment

Xuemei Sun Qiufen Li"  Yan Zhang Huaide Liu Jun Zhao Keming Qu

Key Laboratory for Sustainable Utilization of Marine Fishery Resources Ministry of Agriculture; Yellow Sea Fisheries

Research Institute CAFS Qingdao 266071 China

Abstract: Objective  We determined the phylogenetic position of a heterotrophic nitrifying-aerobic denitrifying
bacterium X3 and detected its nitrogen removal characteristics for providing evidence to explain the principle of
heterotrophic nitrification-aerobic denitrification and to improve the process in purification of marine—culture wastewater.

Methods The evolutionary position of the strain was determined based on its morphological physiological biochemical
characteristics and 16SrRNA gene sequence. The nitrification—-denitrification ability of this strain was detected by detecting
its nitrogen removal efficiency and growth on different inorganic nitrogen source. Results Strain X3 was identified as
Halomonas sp. It grew optimally at salinity 3% pH 8.5 C:N 10:1 at 28°C  and it could still survive at 15% salinity.
The removal of NH,” N NO, -N and NO, -N was 98.29% 99.07% 96.48% respectively within 24 h. When three
inorganic nitrogen existed simultaneously it always utilized ammonia firstly and the total inorganic nitrogen removal was
higher than with only one nitrogen suggesting that strain X3 has the ability of simultaneous nitrification and denitrification
and completing the whole nitrogen removing process. Conclusion Strain X3 belonged to the genus of Halomonas. It had
strong simultaneous nitrification and denitrification capability and could live in high-salinity environment.

Keywords: Halomonas sp. heterotrophic nitrification aerobic denitrification biological nitrogen removal.
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