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Diversity analysis of bacteria capable of removing nitrate/nitrite in a shrimp pond
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Abstract Nitrogen accumulation is a serious concern in aquaculture. Among otherforms of nitrogen nitrite is more harmful
because of its low transformation rate and high toxicity. In this study 27 strains which can reduce nitrate to nitrite were
isolated from a shrimp pond by using selective enrichment cultures under alternating oxic-anoxic denitrifying conditions.
Among these strains 24 strains effectively decreased nitrate and nitrite concentrations during a 7-day test. The strains
LZX21 LZX22 1ZX23 1.ZX27 deceased nitrate concentrations from 422.25mg/L to lower than 4. 00mg/L. and deceased
nitrite concentrations to lower than 0. 40mg/L. Sequence analysis of 16S rDNA indicated that the 27 strains belonged to five

separate groups of a-proteobacteria 1  vy-proteobacteria 10  Actinobacteria 12 Firmicutes 3  and bacteroides
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1 . Moreover these strains were classified into or showed close relationship to 11 genera including Pseudomonas
Halomonas  Acinetobacter  Paracoccus — Arthrobacter ~ Microbacterium — Cellulosimicrobium — Bacillus ~ Stenotrophom — and
Sphingobacterium. These data suggest that a high diversity of bacteria capable of removing nitrate/nitrite was present in the
shrimp pond. Several species were reported for the first time to have capability of nitrate/nitrite removal. These strains

provide a plentiful resource for further selecting nitrite cleaners.

Key Words bacterial diversity nitrite nitrate 16S rDNA  phylogenetic analysis

DNRA dissimilatory nitrate reduction to ammonia

nrK  nirS

16S rDNA o
16S rDNA
1
1.1
1.1.1
500ml 12 2000ml
1.1.2
121°C 30min 40 mmol/L 60 mmol/L NaNO;20 mmol/L K,HPO,2.8
g KH,PO,5.4 ¢ NaCl 5.0 g 2% MgSO, 10ml FeSO,8mmol/L pH 7.6 12%o 1000ml
500ml 2 NaNO,
18g/L 121°C 30min
32C
1.2
NaNO, 30mmol/L 180ml/ 250ml
121°C 30min
12%o ODg,, =0. 45 S5ml 32°C 150r/min
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7d 24h NO; -N NO, -N  NH,-N
NO;-N  NO, -N
NO, -N 32C
1.3
1.3.1
100l 100°C 10min 12000r/
min 4°C 10min 4°C PCR 16S rDNA
BSK8/20 5’ -AGA-GTT-TGA-TCC-TGG-CTC-AG-3’ BSR814/21 5’ -TAC-AGC-GTG-GAC-TAC-CAG-
GGT-3’ 2 x Premix Taq Ex Taq"™ Version TaKaRa
25ul 0.5pumol/L Tl 50l PE2400 PCR 94°C
10min 94°C 40s 56C 50s 72C Imin 30 72°C 10min  4C PCR
0.15ng/ml 1% Bio-Rad Gel Doe 2000
Microcon-PCR Purification Kit Millipore Invitrogen ABI 377 DNA
BSF8/20
1.3.2
GenBank LZX01 DQ359923 LZX02 DQ359924 1.7ZX03 DQ359925 1.ZX04

DQ359926 LZX05 DQ359927 LZX06 DQ359928 LZX07 DQ359929 LzZX08 DQ359930 LZX09 DQ359931 LZX10
DQ359932 LZX11 DQ359933 LZX12 DQ359934 LZX13 DQ359935 LZX14 DQ359936 LZX15 DQ359937 LZX16
DQ359938 LZX17 DQ359939 LZX18 DQ359940 LZX19 DQ359941 LZX20 DQ359942 LZX21 DQ359943 LZX22
DQ359944 1ZX23 DQ359945 LZX24 DQ359946 LZX25 DQ359947 LZX26 D(Q359948 LZX27 D(Q359949

16S rDNA =99% 99% > =97% 16
BLASTN FASTA MEGA3
16S rDNA Clustal W Neighbour Joining

Arthrobacter nicotianae X80739 Acinetobacter baumannii 25001 CMCC B AY738400

Acinetobacter sp. EVA14 AJ410290 Aeromonas bestiarum CIP 7430 X60406 Bacillus pseudofirmus A-40-2
AB201795 Bacillus sp. KYJ963 AF217809 Bacillus subtilis JHS DQ232747 Cellulosimicrobium cellulans AS 4. 1333
AY114178 Chromohalobacter israelensis ATCC 43985 T AJ295144 Citrococcus muralis 4-0 AJ344143 Halomonas
sp. ws31 AJ551141 Microbacterium flavescens Y17232 Microbacterium sp. YK18 AB070467 Micrococcus luteus
BCNU121 DQ229318 Moraxella canis AJ247225 Oceanimonas denitrificans F13-1 DQ097665 Paracoccus marcusii
Y12703 Pseudomonas beteli ATCC 19861T AB021406 Pseudomonas stuizert UP-1 AY364327 Pseudomonas stuizert
UP-2 AY364328 Rhodobacter blastica D16429 Salinicoccus roseus X94559 Sphingobacterium multivorum AB100739
Sphingobacterium sp. R550 AF489284 Stenotrophomonas maltophilia ABO08509 Subtercola frigoramans AF224723

2

2.1
NO;-N  NO; -N
NO;-N  NO, -N NO; -N NO; -N NO; -N
NO, -N 1 27 NO;-N NO, -N 24
NO,-N 3 LZX15 LZX18 LZX19 NO, -N
8 NO; -N LZX06 1ZX12 LZX16 LZX17
LZX21 LZX22 LZX23  LZX27 LZX22 106.718 mg N-NO; L™'d"' LZX16
7 LZX21 LZX22 1ZX23  LZX27
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LZX06 7
1 4
LZX22 1LZX27 LZX23 1LZX21 NO, -N 422.25mg/L 30mmol/L 0.323 0.379
1.163 3.501 mg/L 0.031 0.117 0.354 0.212 mg/L
1 NO; -N NO; -N
Table 1 Removal rate of NO; -N and NO, -N by the isolates
NO; medium

NO; -N mg L='d ! NO, -N mg L='d"! mg L.7!
No. of Removal rate of nitrate Removal rate of nitrite Final concentration
isolate a o b d

Maximum rate Average rate Maximum rate  Average apparent rate NOs N NOz N
LZX01 33.027 9.975 10. 122 2.571 350. 400 12.242
LZX02 33.920 12.429 11.336 2.178 333.222 13.825
LZX03 13.173 7.895 5.127 2.887 364.960 14.087
LZX04 96.536 27.988 19.312 13.321 224.309 14.595
LZX05 33.804 16.241 14.526 4.125 306.538 18.562
LZX06 115.196 55.213 27.444 19.191 33.734 4.335
LZX07 23.492 11.114 10.241 4.241 342.427 12. 456
LZX08 46.743 15.776 11.258 4.528 309.793 10. 307
LZX09 25.145 13.425 9.547 5.547 326.250 10.729
LZX10 91.872 20.301 10. 097 9.949 278.118 11.591
LZX11 89.423 21.417 10. 615 10. 154 270.306 10. 191
LZX12 135.442 57.122 61.227 25.065 20.371 7.456
LZX13 36.897 9.579 5.103 3.634 353.172 15.634
LZX14 27.143 9.237 6.691 3.498 355.566 12. 498
LZX15 148.212 27.489 NR NR 227.802 167.574
LZX16 38.153 21.362 25.128 5.412 270. 691 8.011
LZX17 72.644 51.774 39.255 13.096 57.807 5.096
LZX18 114. 605 23.084 NR NR 258.637 136.723
LZX19 79.113 17.492 NR NR 297.781 96. 425
LZX20 21.334 13.430 12.351 5.238 326.215 10.238
LZX21 72.644 59.532 51.207 19.913 3.501 0.212
LZX22 155.796 59.986 106.718 29.987 0.323 0.031
LZX23 141.956 59. 866 77.645 25.061 1.163 0.354
LZX24 39.274 21.443 23.156 8.929 270. 124 7.929
LZX25 17.789 13.325 11.774 6.196 326.950 9.169
LZX26 37.326 25.274 18.936 7.568 243.307 12.977
LZX27 201.035 59.978 95.919 26.548 0.379 0.117
NR Nitrite concentrations was increasing during the period

a

in the minus between N and N +1

b

= n

= n

difference in the minus between N and N +1

c

d

2.2 16S rDNA

27

16S rDNA

- n+l

nitrate concentrations

- n+l

nitrite concentrations

/I: d Maximum rate = maximum difference

/1 d Maximum rate

/7d Average rate = initial concentration plus final concentration / 7 d

/7d Sum of apparent rate / 7

727 ~837hp
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GenBank  EMBL
88.7% ~100.0% 13 11 2
99.0% LZX14 LZX15 LZX22 LZX25 Bacillus flexus AB021185
Cellulosimicrobium cellulans AY114178  Stenotrophomonas maltophilia  AB021406 Pseudomonas  stutzeri
AF094748 9% > =97% 6
LZX07 LZX10 LZX11 Arthrobacter 1.ZX17 Halomonas 1.ZX18 LZX19
Microbacterium
2 27 16S rDNA
Table 2 Homology analysis of 27 isolates based on partial 16S rDNA sequences
Strains No. Clost organism Acession No. Similarity %
LZX01 Acinetobacter sp. " anoxic’ AY055373 95.276
LZX02 Acinetobacter sp. pl3F2 AJ495087 94.248
LZX03 Arthrobacter nicotianae X80739 95.399
LZX04 Arthrobacter nicotianae X80739 95.455
LZX05 Arthrobacter nicotianae X80739 95.269
LZX06 Arthrobacter nicotianae X80739 94.899
LZX07 Arthrobacter nicotianae X80739 97.443
LZX08 Arthrobacter nicotianae X80739 95.093
LZX09 Arthrobacter nicotianae X80739 93.741
LZX10 Arthrobacter nicotianae X80739 97.627
LZX11 Arthrobacter nicotianae X80739 98.852
17X12 Bacillus pseudofirmus AB201795 91.785
LZX13 Bacillus pseudofirmus AB201795 95.119
1ZX14 Bacillus flexus AB021185 99. 868
LZX15 Cellulosimicrobium cellulans AY114178 100. 000
LZX16 Halomonas aquamarina AJ306888 92.394
LZX17 Halomonas aquamarina AJ306888 97.724
LZX18 Microbacterium esteraromati AB099658 98. 65
LZX19 Microbacterium esteraromati AB099658 98.661
LZX20 Oceanimonas denitrificans F13-1 DQ097665 92.16
17X21 Paracoccus carotinifaciens AB006899 95.7
17X22 Stenotrophomonas maltophilia AB021406 99.737
LZX23 Pseudomonas stutzeri AF094748 94.109
LZX24 Pseudomonas stutzeri AF094748 95.62
LZX25 Pseudomonas stutzeri AF094748 99. 06
LZX26 Pseudomonas stutzeri AF094748 88.701
1ZX27 Sphingobacterium sp. R550 AF489284 92. 666
16S rDNA 1
27 5 a-Proteobacteria y-Proteobacteria Firmicutes Acinetobacteria
Bacteriodes 1103 12 1 3.7% 37% 11.1% 44.4% 3.7%
3
12
13 27
24 3
1 24
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Acinetobacter baumannii
99 | gg Acinetobacter sp. anoxic
Acinetobacter sp. p13F2
67] 98| y LzXo0l
96 1 LZX02
Moraxella canis
Pseudomonas stutzeri UP-2
LZX23
100 | |LZX24
LZX26
74 96 LZX25 Gammaproteobacteria

51 Pseudomonas beteli
—Eszzz
100 L Stenotrophomonas maltophilia
100 100 ~ Halomonas aquamarina
LZX16

— 93LLZX17
L—— Chromohalobacter israelensis ATCC43985T

77 100  Oceanimonas denitrificans
i e
94 Aeromonas bestiarum CIP7430
100 j Paracoccus carotinifaciens
_—_I__|LZX21 Alphaproteobacteria
100 Rhodbacter blastica

97  Bacillus flexus
LZX14

Bacillus pseudofirmus
LZX12 Firmicutes

82

100 LZX13
Bacillus subtilis JHS
Salinicoccus roseus i
og [ Microbacterium esteraromaticum
30 ‘[I LZX18
85 7' LZX19
—— Microbacterium flavescens
Subtercola frigoramans
95 Arthrobacter nicotianae
LZX09
88 | LZX08
LZX11 . .
a8 [ Lzx03 Actinobacteria
LZX07
LZX04
LZX06
100 98| |LzX05
LZX10
Citrococcus muralis 4-0
Cellulosimicrobium cellulans

100 'LZX15

99 LZX27
|_I:Sphingobacrerium sp. R550 Bacteroidetes

00— Sphingobacterium multivorum

1 27 16S rDNA

Fig. 1 Phylogenetic tree constructed by the Neighbour Joining method on the basis of partial 16S rDNA sequences of 27 isolates. Bootstrap numbers

indicate the value of 1000 replicates

15 16
DNA-DNA 16S rDNA
16S rDNA 7 16S tDNA
s 16S rDNA
=99% 99% > =97% *  99% > =95% '
=99% 99% > =97% 16S rDNA
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27 5 Acinetobacter Arthrobacter Bacillus Cellulosimicrobium
Halomonas Microbacterium Oceanimonas Paracoccus Stenotrophomonas Pseudomonas Sphingobacterium 11
Microbacterium  Cellulosimicrobium 9
Pseudomonas Paracoccus  Bacillus 3 2 Arthrobacter nicotianae X80739
9 3 97% Arthrobacter
» A. globiformis CECT 4500  A. nicotianae
# P. stutzeri AF094748 4
9%  LZX25 P. stutzert ®% 0 17X18
LZX19  Microbacterium esteraromati AB099658 98% Microbacterium
7 LZX15 Cellulosimicrobium cellulans 100%

C. cellulans

LZX22 10hr
2
8
Gram® 93.1% Bacillus 38
Halobacillus 7 Brevibacillus 4 Planococcus 1
Planomicrobium 1 Actinomycetales 3 22 16S rDNA
4 11 12%o0
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