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Isolation and characterization of a nove aerobic denitrifier from shrimp pond

LIAO Shao-An' , ZHENG Qii-Li° \WANG ArrLi'' " ,HUANG Hong Hui® ,SUN Ru-Yong' (1. College d Life Saece, South
China Normal University , Guangzhou 510631 , China; 2. Key Laboratory o Fishery Ecoogy Environment , Ministry o Agriculture, Guangzhou 510300, China; 3.
Guangzhou Center for Disease Contrd and Prevention, Guangzhou 510080, China) . Acta Ecologica Sinica,2006,26(11) :3718 3724.

Abgract: Denitrifying activity of nog typicd denitrifiers is usudly conpletdy suppressed when anaerobioss is insuficient ,
aerohic denitrifying bacteria has a mgjor advantage in reducing nitrate and/or nitrite to N, under agrobic conditions, which is
critica for nitrite and nitrate removal from aerobic environment , such as aquacuiture water. Aims: To ilate agrobic denitrifying
bacteria to enhance nitrate and nitrite renova from aquaculture sysem. Methods and Results: SHective enrichment culture method
under dternating oxic-anoxic conditions was used for screening bacteria that have high capability of aerobic denitrification from a
shrimp pond. A rove denitrifier X0412 was i 0lated and purified &ter 2 months of incubation. It , identified as Senotrophononas
mdtophilia (formerly referred to as Xanthononas metophilia) based on its biochermica and norphologica characters, is grouped
into they subclassd the class Poteobacteria. Phylogenetic andyssdf 16S rDNA sequences indicated that grain X0412 was nogt
cdosdy related to S. mdtophilia AB021406. Andyss o the both nitrite reductase genes nirS and nirK showed thet it conta ned
nirSgene, which is highly honologous to nirS of  Pseudomonas stutzeri (formerly referred to as Alcdigenesfaecdis A15) . When
bacterid concentrations as represented by OD600 increased from 0. 044 to 0 436, the bacterium reduced the concentrations of
nitrite rapidy from 26. 18 mg " * to an undetectable level within 10 h , with DO titer decreasngfrom5 21 mg. " *t03.80 mg. " *.

Smilar result was observed within 20 h a the sinity less than 25%.. Goncdudons: Serotrophononas maAtophilia grain X0412
reduced nitrite rgpidy and dficiently a a high DO concentration and across awide range of sdinity. Sgnificance and Inpact of the
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dudy: Sran X0412 is highly promisng for future potertia gpplicatiion in the control of nitrite and nitrate concertration of
aquacuture sygems.
Key wor ds:aerobic denitrifier ; Stenotrophomonas maltophilia;16S rDNA ;nitrite reductase nirS gene
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Microvirgula aerodenitrificans!” ' Paracoccus  denitrificans!™ Pseudomonas  aerugincsa Pseudomonas
stutzeri 2 Alcaligenes . :
, 12
, 16S rDNA ,
1
1.1
1.1.1 : 20 mmol /L , 30 mmol/L , NaNO; 10 mnmol /L , K:HFO, 1.4 g,
KH,PFO, 2.7 g, Nad 2.5 g,5m 2 % MgS0, , Fe0, 4mnol /L pH 7.6, ( 12) 1000
2% 121 30mn
1.1.2 500mi ( 12)
, 500m 2 x ) ,NaNG; , 2
18g/L , 121 20min,
32
1.1.3 100m/ (250mi) , . ,
32 150 r/min 5d, NO; -N NGO, -N NO; -N ,
) 32
1.2
12 : 20 mnol L ,
30 mrol/L ,NaNO, 2 mmol L , NH,d 20 mmol/L , K,HRO, 1.4 g, KH,RO, 2.7 g,5m 2% MgS0, , FeS0,

4mnol /L pH7.6, ( 12) 1000mi
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100m | 1.1.3 , 5mi 150m
(250m ) 32 180r/min ODio
(Hach , s2nsION156) ODsoo (Hach , DR/4000U)
1.3
0 10 15 20 25 30 .12 ,
1.2 5h 1 :
1.4
1.4.1
1.4.2
1.4.3 16SrDNA , 10wl , ,100
10min,12 ,000r/min ,4 10min, 4 , PCR 16S rDNA
BSF8/20 5 -AGA- GTT TGA-TOG TGG CTGAGS BSR814/21 ,5-TACAGE GTG GAC TACCAG
GGI-3 :2 x Premix Tag(Ex TagTM Verson , TaKaRa )2R I,
0.%mlL, M, 50 | PE2400 FCR , 104 10min;
04 40s 56 50s,72 1min ,30 ; 4
72 10min 4 PCR 0. 15 g/m 2 A
1% , Lot
(BioRad G&l Doe 2000) Microcon- PCR g Zz i I
Purification Kit (Millipore) . Invitrogen § ol :
ABI 377 DNA , o L ,
BSF8/20 GerBank  BLASIN , 0 |
EMBL  FASTA MEGA3 30 | | o |
, 16S IDNA = i
QusadW . UPGVA £ ?: I |
g 10 {
1.5 g .| |
@ g |
oL
nirS nirk , PCR 54 ! | ! | |
 NirSLF,5-CCT-A (C/T) T- GGG CAZC (A/G) GA sa b | .
(A/G) T3 ,nr$R,5-CGFTGA-ACT-T (A/G) CCGG T 3 i |
3, 890bp : nirk1F ,5-GG(A/C)-ATG GT (G S el |
T)-CC (C/G)-TGGCA-3 |, nirkSR, 5-GOCTCGATGAG 1z *4[ |
(A/Q- TT(A/O-TGG3 , 514bp B z;: |
ss | |
:2 x Premix Taq (Ex Tagq™ Verdon, TaKaRa ) 30 0 10 2 0 40
2511 o.BmIL, M, H1R Time ()
5 | PE2400 PCR , M o ) ®)
10min;94 40s ,54 50s,72 lmin, (©
30 72 10min ,4 PCR Fg.1 Dynamrics of X0412 gowth (A) , concertrations of nitrite (B) and

,  Invitrogen ABI 377 DNA dsoived oxygen(C) during denitrification
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, nirSLF ~ nirsR,
2.1
35
1 , 30 - A\
, 25 v
' g 20 |- v
, 1 Q 15 \4
%8 10 - N4
, 10h ODsw 0.044 0.436 5
5. 21mg/L 3.8mg/lL , oL -
26. 18mg/L 0 ! ! Lo L L |
n'g/ (0] 19 20 30 40 50 60
, BsfE] Time (h)
2.2
2
Fg.2 Time needed for renova o nitrite by gran X0412 under aerobic
2 0 25 ,20h

26. 18mg/L 0,

dfferent slinity

2.3
2.3.1 G , , ,
2.3.2 O/F
1
Table 1 Bidogical characterigics o the sected grain
Ted or characteridics Ted or characteridics Ted or characteridics
Oxidase - GQuoose Argnine
O/F Quoose O/F 0] Méltose Ornithine
+ Xylose Qtrate
Nitrate reduction + Mannitol Urease
(tine hydrolys's + Lysne + Bile aeculin +
AN acid
ot postive; - " negetive
2.3.3 16SrDNA 16S rDNA GerBank DQ359944 , ( 3)
, Stenotrophomonas maltophilia ( ) 16S rDNA 99 %
) AB021406 99.74 %, MEGA3 ) 16S rDNA
( 4) , : Stenctrophomonas maltophilia ,
Stenatrophomonas maltophilia grain X0412
2.4
S. maltophilia strain X0412 nirS nirk 5 nirS
900hp , nirk , nirs®  nirk®  nirS 903bp (
6) , Alcaligenes faecali A15 nirS , 98.7%
3
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1 atgcaagtcg aacggcagca caggagagct tgctctetgg gtggegagtg gecggacgggt
61 gaggaataca tcggaatcta ctetgtegtg ggggataacg tagggaaact tacgctaata
121 ccgcatacga cctacgggtg aaagcagggg atcttcggac cttgegegat tgaatgagcc
181 gatatcggat tagctagttg gcggggtaaa ggecccaccaa  ggcegacgate cgtagetggt
241 ctgagaggat gatcagccac  actggaactg agacacggtc cagactccta cgggaggeag
301 cagtggggaa tattggacaa tgggegcaag cctgatccag ccataccgeg tgggtgaaga
361 aggcecttegg gttgtaaagce cettttgttg ggaaagaaat ccagcetggcet aatacccggt
421 tgggatgacg gtacccaaag aataagcacc ggctaactte gtgccagceag ccgeggtaat
481 acgaagggtg caagcgttac tcggaattac tgggcgtaaa gcgtgegtag gtggttattt
541 aagtccgttg tgaaagccct gggctcaace  tgggaactge agtggatact ggatgactag
601 aatgtggtag agggtagcgg aattcctggt gtagcagtga aatgcgtaga gatcaggagg
661 aacatccatg gcgaaggceag ctacctggac caacattgac actgaggcac goaagegtgg
721 ggagcaaaca ggattagata ccetggtagt ccacgetgta a
3 K12 165 /DNA
F3.3 Patid 18S1DNA sequence of drain X0412
99 | AB0211406 Stenotrophomonas maltophilia
10011 AJ131114 Stenotrophomonas maltophilia
39 X0412
AJ012230 S.nitritireducens
100 1 DQ109037 Stenotrophomonas daejeonensis
X95918 Xanthomonas albilineans
X95919 X.axonopodis
» Too| [ Y10757 X.arboricola
100] Y10762 X.cassavae
77'Y10764 X.bromi
AY686711 Aeromonas hydrophila
— DQ229317 Pseudomonas putida
0.02 100 ———DQ232743 Pseudomonas marginalis
4 X0412 16S rDNA
Fg.4 Phylogenetic tree based on partid 16S rDNA sequences of grain X0412 and the references
mirs nirk Marker
L)
' 500bp
’
' 1000b
(1] P
Pseudomonas 9. Y21,
1500bp
[20]
, 5 X0412 nirS nirK
FHg.5 Anvlification of nirS and nirK gene from grain X0412
2% 994-2007 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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1 acagtcttat ttgggegeceg cgcagtactc gatcatggac ggcgagaccce tggagccgat
61 caaggtcgtce tccaccecgtg gccagacggt cgacggcgaa taccacccceg aaccgegtgt
121 ggcgtccatce gtcgectege acatcaagcc ggagtgggtg gtcaacgtga aggagaccgg
181 acagatcatc ctggtegact acaccgacct gaagaacctc aagaccacca ccatcgagtc
241 ggccaagttc ctccacgacg gtggetggga ctactccaag cgctacttca tggtcgececge
301 caacgcctcce aacaaggtcg cggceagtcga taccaagacc ggcaagctgg ccgegetggt
361 cgacaccgeg aagatcccge acccgggegcg cggcgecaacc ttcatccacc cgecagttegg
421 cceggtetgg accaccggcec acctgggtga cgacgtggtce tcgetgatcet ccaccgcate
481 ggacgatccg aagtacgcca agtacaagga gcacaactgg aaggtggtge aggagctgaa
541 gatgecegggce geeggceaace tgttcgtcaa gacccatccg aagtcgaaga acctetggge
601 cgacgegeeg atgaaccccg agcgggaagt cgcecgaatcec gtctacgtcet acgacctggce
661 cgatctcage aaggagccca agcggetgga cgtcgccaag  gactccggece tgccggaaag
721 caaggcgatc cgtcgtgceca ccecaccccega gtacaacgeg gecggetgac: agatgtggat
781 ctccetetgg ggcggeaaga ccgaccagtce cgegatceoig atcracgacyg ncaagacget
841 gaagctgaag aaggtgatca ccgateccgge gaicgtcacg cecgacczaag attttcacac
901 gaa
6 X0412 nirS
Fg.6 Sequence of anplified nirS gene product from grain X0412
16S rDNA ,
, ; 16S rDNA ,
21
500bp & a Sola
Bartondla 9. 16S rDNA ,
2,23
>99 % (22, 2] 16S DNA FASTA  BLASIN
Pseudomonas beteli AB021406 ( 99. 74 %) , Pseudomonas betdi AB021406
,2000 Arza 16S rDNA 99.5%
.. (24
Stenatrophomonas maltophllla[ ] ,
" - 25
Romano S. maltophilia G 3.8%>
2%
, . 21.0%*  Dungan
- 27
S. maltophilia (211 Chen
S. maltophilia Triton X-100 ( )
28 -
1 varov S. maltophilia
3 29 -
Fe'” 1S maltophilia , S.
™ 0
maltophilia 0l
3.80 5.21 mglL ,
10h 26. 18mg/L 0 Fnkmann Stenatrophomonas nitriti reducens
31 -
, N.O = S. maltophilia 0 20
. . 2
Haloarcula Halobacterium Haldferax Halomonas  Bacillus (2l
. 32
Yoshie 1 Psudomonas Stenotrophomonas
nirS/ nirKk  PCR nirS/ nirk PCR nirS” , nirS cdl

(cd1-nir) , nirS nirk ,
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X0412 nirS Alcaligenes faecalis A15 98.7%

Vermeiren DNA , Alcaligenes faecalis A15

Pseudomonas stutzeri ™

X0412
] NZO
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