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Identification and characteristics of a strain of bacteria
with highly-effective nitrite nitrogen removing

NIE Huan-Huan ZHAO Qun-Fen LI Chang-Hong
WANG Yi-Nong ZHANG De-Min

(Key Laboratory of Applied Marine Biotechnology, Ministry of Education, Ningbo University,
Ningbo, Zhejiang 315211, China)

Abstract: [Objective] A strain of bacterium, strain FP6, with the high ability of removing nitrite
nitrogen was isolated from the bottom of the shrimp pond, and its phylogeny and denitrifying
characteristics were studied. [Methods] Sequence of the 16S rRNA gene, physiological and bio-
chemical properties were analyzed. Factors that affected the denitrifying ability of strain FP6 were
investigated, including carbon sources, C/N ratio, initial pH, temperature, shaker speed and NaCl
concentration. Moreover, the ability to remove ammonia and nitrate of the strain was also studied.
[Results] Among the isolated strains, strain FP6 showed the highest ability to remove nitrite ni-
trogen and was identified as Bacillus licheniformis. Sucrose was identified as the best carbon
source for its growth and denitrification. Under the conditions of C/N ratio 15-25, initial pH
7.0—10.0, temperature 20 °C—37 °C, shaker speed 0—200 r/min and NaCl concentration 0—40 g/L,
strain FP6 kept high removing nitrite nitrogen ability. Strain FP6 showed the ability of removing
ammonia and nitrate and no nitrite nitrogen was accumulated when removing nitrate. [Conclu-
sion] Strain FP6 possesses excellent removing nitrite nitrogen ability, with wide range of tempera-

ture, pH and salinity.

Keywords: Nitrite nitrogen, Bacillus, Isolation and identification, Denitrification
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(A S Tl A 40 B A R 2R 1 i (Pseudomonas) . 7=
FF#i )& (Alcaligenes) . 5K 1% J& (Paracoccus) . %
AT & (Bacillus) . 213K )& (Rhodococcus) 2,
Horp, ZREFFE T EA R ILAC 82
TIRFAKARBR A, AL RE )t o B [
FEEMEAPSC BRI, HATET RS AN 1
93 B BB R R PE B9 2 LURS IR R4 732
A, 1 DO AS R R B FR i SRS A A58 20AR 2D,
JCHAE MK S AH A G A5 LA R ER
VERHL 52K, PR ZK A 5 PR AR 5 57 30 43 5
TEEA S RO A IR AL PR TS 0 2 A 1A, ik
— BT T S e AR RS MR R R, U
W K 22 B it 7K S5 FE 7K A A 1R 6 1) 7K 5T 8 45

.
=Rl

1 RS

1.1 ##

111 #mKiE: B 2 ARSI IR )2
IKFEHAT I3 8 o

112 EHE: 5HEEHEEEL: FRER 3,
M 10, NaCl 5, NaNO, 0.13, pH 7.5, Sl
FeH(g/L): NaNO, 0.13, FEBEF 1.08, MgS0,-7H,0
0.2, K,HPO,-3H,0 0.5, NaCl 25, pH 7.5, [ElA8: 3%
FefnBihE 20 g/Lo

1.2 SMERIEAHER M E 5 Bt

() B4, BARHERSE, 10 mL &
90 mL & H IR 250 mL =AML, 30 °C.,
150 r/min &S 48 h,

(2) FrEalifl R s AT 80 °C /K 10 min,
SRIG X B SRR R 2 107, BL 1072, 107 Al
107" ARV 100 pL YA T RS RG - 367
Mo 30 °C Ki7E 1-2 do MR EBREERI (L TRk
KANFIEFEAF R TS, HEsreaith, B2
(EES RGO N, /3

(3) Uik, Kralifb iy B AR T R s R
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e, 30 °C. 150 r/min G fEE5FE 24 he BRI
& 1% (V)R T I i fb 35 3R 5, 30 °C.
150 r/min £53% 72 h, %% 24 h [f] Griess iR & VK
WYl B S, XTAE 48 h PRI IR B e 42
BRAGTARE, 2 EAGI 0 A1 48 h BF 53R IE AV R AR
A THERRAFLS RS i, Tk PRk 22 B RS R
RITFI AR B2 R A T RS E B Ak, FEXF
TG VRS A IOt — 20 5E
13 HEERE
131 EHMEBENEE: SHEEUNERELE
SEF,
1.3.2 $FYE: 16S rRNA K H 541 2 F [F 5
Pt (1) B i i DNA. 519028
27F Fl11492R, J¥41°h 27F: 5-AGAGTTTGATCCT
GGCTCAG-3', 1492R: 5-GGTTACCTTGTTACG
ACTT-3'. PCR SUWAKZ (50 puL): 10xBuffer 5 pL,
27F (20 pmol/L) 1 uL, 1492R (20 pmol/L) 1 uL,
FiH DNA (50 mg/L) 1 pL, dNTPs (2.5 mmol/L
Each) 4 pL, Taq § (5 U/uL) 0.5 pL, HEZEKHE
50 uL. PCR #2£/¥: 94 °C 5 min; 94 °C 45 s, 55 °C
45's, 72 °C 1 min, 3£ 30 MEH; 72 °C 10 min,
PCR 79 ¥ i b £ TR AR R w58
o (2) 16S rRNA J¥ 41 F EzTaxon 7£4k X i
% (http://www.eztaxon.org/) #1174 SCFF ) AH AL 1
MR, TEAMFH, HFH MEGA 4.0 ik
TTRGRE . il ClustalX #H17Z2 E P4 1
%f, YL Kimura 2-parameter 1135 3F bR, gt
Neighbour-Joining (N)Z& St A& B, F Bootstrap
SIRTHEAER A3 SRR EYE, FE 1000 1K
1.4 BFk FP6 R A RE RIS M0 E =

DU Al A 37 3 LA, SR 53 0 % R
EIWE . ORERE . APBETREN . WA TREREN . BERREAAN
TR, BRALLHIEN 1. 4. 10, 15, 20 F
25, Ik pH r%IE N 5.0, 6.0, 6.5, 7.0, 7.5,
8.0. 9.0, 10.0 Fl 11.0, MRS E N 15 °C,
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20°C, 25°C, 30°C. 37°C 145 °C, FEIKEEH
Ay HIBEE N 0, 50, 100, 150 A1 200 r/min, 54k
MRS BIE R 0L 5. 15, 25, 30, 35, 40, 50,
60, 70 1 100 g/L, WITCHRRULIH, Kiaedbh
30 °C. 150 r/min, JEFRMFE]N 48 h, BRPEN 1%
(VNV), TF5EARIE . B L. ®iiG pH. IR .
P DS RN S A B R X6 TR iR FP6 B IV Al R 0TS
PERIFZ I,
1.5 Btk FP6 M E A BRI AEEE R £
FR&E

43 5ILL NH4Cl, KNO; Fl NaNO, i —& 4,
WEAFMEERE, JFE C/NER 20, HE
B A SO A3 57 5, 30 °C, 150 r/min 3557
Pk FP6, 2 B35 ODgoo LA S AR 1E 71K
B NHy-N. NO, -N, NO5-N Fl TN %t
1.6 SthAZE

NO, -N 5 R EAMAE", NH,-N 1
5 SR VR IR R AR AR 51, RTINS R A
I BERA AL, NOy-N 52 R R A
FERETEN, B AR R R Ak BE 15 (ODgoo) o

2 GRS

21 SHERITHEERZ RS EFIE
ST 5 TR SR 58 R BOUKAE, & A5
I, ARSI IR AL B e, 153 191 2lifk
MIEATETE o FLERAS A BRI SR R FRE ), T
TEH — MRS RR R FHARE T SR T Ak FP6. Ansk
1 Fi/R, kR FP6 AT LIE 48 h PIKZY 26 mg/L 1Y
NO, -N ZE4EER, SCRHFFBARINE] NOs-N,
TR FP6 I K NO, -N #4kh NO;-N.

SLEGEE AT R A(TN) 2 26%, BT R FP6 H.
AFH NO, -N #17 S itk E IR RE ST o
22 BEHMERE

R FP6 TR VE AL AL 773k [ IR
o, EXEIFRYIA ZFROY A, FIIER 2R AT
Wt A= AR S E SR (R 2WID Il E Rtk FP6
R HIA ZE R A

LA R FP6 1) DNA, PCR 4" 1475 2| =R 4>
16S rRNA FL[H ¥ 51, £ EzTaxon £046 2 i1 74
BRI PSRRI R, 2550 ORI FR FP6 S5
K ZEFUATFE (Bacillus licheniformis) b AH U B &5,
ik 98.25% MR G K BT s (E 1),
Pk FP6 534K 2E AT 78 (B. licheniformis)2& 5 78—
e, FRIMER 99%. IR E PPk FP6 Sy
KEEHUFFIR o 324 M 1k, DI AERRER hy o T2 1A
G AT 0 SRS A A L D
2.3 ®ME FP6 BRIZAERIE 4RI E =
2.3.1 BRIBEFMZEITE K FP6 BREGETERIRIND: N
Bl 2 fiR, ANERERIEX ik FP6 MZER . LR
AR A RE A AR I ), Herp DL AR A U5t
i, BRk FP6 42 Kt if-(ODgoo M 0.381), WAHERA
FLBR L BR R (AR F] 100%F1 38.46%),
T AR 0 | I A BRI AN T R A Ry i — ik T
W, Witk FP6 JL P AREA K, AR A AL A 2
PR AROR A i 25, DURT A5 TR 40 R I 1R 0 A e 52
i, Hfk FP6 AEA: K, (HIF MR A ML A ZphR
PRk, FERRE FP6 vl R Ry 3 Fhiiirh, #B4&
P AR, S R RUR S R B R v Y R
5. AT A E AN 2 0R S TR 0 AR K T RE
IEFHG

£ 1 HE#k FP64AF NO,-N. NO;-NF1 TN &2

Table 1 Concentration of NO, -N, NO;-N and TN in the group strain FP6

Time (h) NO; -N (mg/L) NO; -N (mg/L) TN (mg/L)
0 26.375+0.197 0 27.319+0.582
48 0 0 20.317+0.582
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32 Tk FP6 S IR4 (L 4FIE

Table 2 Physiological and biochemical characteristics of strain FP6

MW H Item 25 . Results

M 2T H Item 25 Results

2% YL A Gram stain T
il B 4% Cell diameter >0.1 -
B filfii§ Catalase

JRE A K Anaerobic growth

V-P I 5E V-P test

V-P FiF: Y% pH

Final pH of V-P culture: <6.0 +

>7.0 =
D-#j%j # D-glucose +
L-F$7{A 4% L-arabinose +

D-A B D-xylose
D-H # I D-mannitol

| kK NaCl growth NaCl 7%
i A KR Growth temperature 40 °C

R
WA R R 1A J Nitrite reduction

i Citrate +
R LR Propionate

JK fi# % it Hydrolyze casein
JK fi B e Hydrolyze gelatin
JK fi# €Ky Hydrolyze starch
H: K pH Growth pH

+ o+ o+ o+

6.8 B I W% 6.8 nutrient broth
5.7 B35 A% 5.7 nutrient broth

I+ + o+

10%

55°C

+ o+ o+ +

A J& Nitrate reduction
NN

90

100

Strain FP6

Bacillus licheniformis ATCC 14580 (T) (AE017333)

Bacillus amyloliquefaciens (IN874473)

981 Bacillus subtilis (IN874476)

Bacillus cereus (GU116563)

Allobacillus halotolerans B3A (T) (FI347755)
Rhodanobacter-thicoxydans (AB286179)

T

P
0.02

Pseudomonas fluorescens (JN020937)

Acinetobacter baumannii (EU052268)
Pseudomonas stutzeri (IN874474)
Halomonas denitrificans (EU541350)

B 1 ETHE FP6 RIEXEM 16S rDNA FIIMRF L ER
Fig. 1 The phylogenetic tree based on 16S rDNA sequences of strain FP6 and other related strains
TE: 5 5P SRR IZERTE GenBank WA 585 73 SUREUEFRIR 1 000 YR FERS B B85, R BR &S

B 60% A ROBUE; AR B R IR 5 8 A 0.02 YRE .

Note: Numbers in parentheses represent the sequences accession number in GenBank. The values at the forks indicate the percentage
of trees in which this grouping occurred after bootstrapping the data (1 000 replicates; shown only when >60%). The scale bar shows

the number of substitutions per base.

2.3.2 WAL E L FP6 BREUE LRI : Yk
FidErdh C/NAETE 1-25 Z AN, BEE C/N (A
T, TRk FP6 A RIBR USSR R B S
SR fE P2 e T BRI H(E] 3). C/NEN 4 1,
Pk FP6 B4 A EARGF, (BN AR AR 2
BRAEATIR ] 48%, KUK FP6 fERARAIfRIFE
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FE T EA BRI WA IR A KBREE T . C/N {HH
10, TEIAR FP6 X WA R 4 Y 25 B 28 BT IA 5] 80%,
M C/NAEN 15 KU R, FEkk FP6 X ASER A
(1) 5 BRAFHIAF] 100%, 1H C/NAEH 15 LLUTE
A BRI, 24 C/N N 20 I}, Hitk FP6
AR B I 4 (ODgoo 1 0.551), SR FRA
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Fig. 2 Effects of carbon source on the growth and ni-
trogen removal of strain FP6
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Fig. 3 Effects of C/N ratio on the growth and nitrogen
removal of strain FP6
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(ELAR 3 i e PR 5

2.3.3 #244 pH W E K FP6 BREETERIRIE: M
K 4 AfLIEH, pHART 7.0 B, #ikk FP6 A4 K
R A PEARR 22, ™24 pH Jy 7.0 B, [EPk FP6
(A K FBR AUTE P 2SR i, AR A AR &
2353 99.57%F1 24.39%, ODgoo 7 0.180, FEH
pH {E 7.0 I kk FP6 ELAT i AE K FNBR UE M ) fie
ffE. pH & 7.5 B}, FEkk FP6 AR FIBRATE T
Rk EH5 5 (ODgoo 7E 0.3 Zif7, WANFRA LR RZ
HO100%, A EBREAE 3T% L A), HAE
pH 7.5-10.0 Z [A] A AR EERRE . T pH iy 11.0
BF, BBE FP6 1A K A BR UG 14 H 2 T B,
FH pH 1 10.0 ZFtk FP6 A tE K AIBR &G

PR e . 2 SR AT Ew B A 2 T Bk FP6
EH A KRR RS
234 BREXMERE FP6 BREIEMRIEM: K 5

R, TEIREE 15 °C—37 °C Z A, Hkk FP6 i
TG PER IR A TR T N, 37 °C Bk B &,
T 2SI B Ak TR 2 45 °C B, Btk FP6 myA= K
ZERIAVE], FHEEE FP6 ANl =ik, e
20 °C B, BEkE FP6 AYBR &SP Ok B i s (I A
FRAEBRFER 100%, SAEFRFELE 25%-30%Z
[i]), HL7E 20 °C—37 °C W} HBREIG I AL R
Eo MIREEK 45 °C B 15 °C I}, FHbk FP6 4k
8595 (ODgoo AL T 0.03), (EAT EHLAT — 5 H I il
iR RN SR L BRTE T, WANER A 255k 5k

16.32%F1 12.17%, SR EBRFESIHHR 9.67%F
12.86%. SMATF, Wkk FP6 7£ 20 °C-37 °C 1

- NOZ—_N. - TN: = OD
100 7 05

40 0:2
+ .
ot 7T N\
0 1 1 1 1 1 1 0'0

50606570 75809010011.0
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Removal efficiency (%)
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Fig. 4 Effects of initial pH on the growth and nitrogen
removal of strain FP6
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Fig. 5 Effects of temperature on the growth and nitro-
gen removal of strain FP6
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RIS I BR AT, R
STy VAYENSE I8

235 {EREEERNTE K FP6 BREE RIS NE:
6 Iz, FERHEH N 0-200 r/min 2[RI, Btk
FP6 X LA R AU 22 BRER A 100%, X EE £
o 23 00 52 300 ) e AR e Sk P 4 i 2 T R )
BB, Ftk FP6 B4 K IR Mt — E AR
1 AH B ARIEH A 0 F1 200 r/min B, TR ODgoo
(B XA i )N, 2R BT ik Sk B 3 e 3 e IR
SRR B AR, EG TR A 3 200 M 52 e AN B
. BUAE Sk, Witk FP6 7E4E K 0-200 r/min
Z AIERR IR m A FIBR A 1, R AT PR
FP6 H AR AV A S o 3

236 SWWIREXEM FP6 BREE IS0
M 7 T LI, E kR FP6 XA ER A A 2R
FEPH RS SE A (NaCl e E 0-40 mg/L B4 0
100%) 22 47 T B a3, TRV R 25 B2 ) 2

=NO,-N = TN --O0D

S 120 0.6
§ 100 0.5
.g 80 m/———é‘o\ 0.4 2
g @ 3 8
= 40 V.2
Z 20 % — 1 0.1
5 0 T — 0.0
[
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Shaking speed (r/min)

6 IERFEEXE FP6 £KFRERI D
Fig. 6 Effects of shaker speed on the growth and nitro-
gen removal of strain FP6

M i - (NaCl ¥ 0-5 mg/L) B A £
(NaCl ¥R 15-40 mg/L) 228 T REREHE, 1
PR FP6 YA J I 1 W 2R 30 Ry Je 28 i 7 9 (NaCl
W 0-15 mg/L) 2 B f T B (NaCl ¥ J
15-30 mg/L) - B HEAPF2(NaCl R B 0-15 mg/L)
IR e BT T B

24 Bk FP6 XM REFNEER RAIHI A AR XS
DI Elie=g: Rl e

241 BWHRFP6XRAMIFIA: MFRIATLIEH,
PRI FP6 X 24 28 1) 2% o 24 i 22 R0 VA 2 P -
e M EMR R (20 mg/L)I), TPk FP6 Xf 424
R EBERAE 96%, 24 &2 AW E ST
50 mg/L B, [EkE FP6 X2 A0 2= bR I I FAIK,
ARWZE] T —ERERMEl. B2, FEk FP6
TEA AR E ik 200 mg/L AT REAE K FIRR AL,
A HORA A B AR ), H T & A&
Z eI AR R .

£ 100 0.5

g 80 0.4

[} P
‘5 0.3 g
é 60 <
i.) 40 02 O
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e

0 5 15253035405060 70100
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Bl 7 NaCl JKEXEH FP6 £ KFMRAAIFI
Fig. 7 Effects of NaCl concentration on the growth and
nitrogen removal of strain FP6

&3 AR NH/-NRETE# FP6 B KIER RREE

Table 3 The growth and nitrogen removal efficiency of strain FP6 at different concentration of NH,"-N

Initial NHJ - N concentration (mg/L) Growth (ODgqg) Removal efficiency of NHJ - N (%)
20.91+0.63 0.305+0.003 96.57+0.31
50.93+1.01 0.187+0.003 20.31£2.57
101.82+0.25 0.187+0.003 18.41+4.17
201.804+2.78 0.192+0.006 8.48+1.89

http://journals.im.ac.cn/wswxtbcn
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Fz 4 AR NO;-N KE TEH FP6 A KIFRABERE

Table 4 The growth and nitrogen removal efficiency of strain FP6 at different concentration of NO3;™-N

Initial NO; -N Growth Removal efficiency of Removal efficiency of
Concentration (mg/L) (ODgg0) NO;-N (%) TN (%)
26.85+0.33 0.589+0.014 96.59+0.06 0.75+0.63
139.58+2.47 0.694+0.018 28.87+3.47 0.57+0.40

24.2 B¥k FP6 MREERRAFIA: WK 4 PR,
TS BR A R 20 129K 25 mg/L F1 140 mg/L i,
Pk FP6 XF AR A 2B 3R 451 96%F 28%, T
X EAREBRFNARMK, KUK 0.75%F10.57%, 1H
WAk FP6 LEIX MMMk B T AR ARG . R T K
FP6 X HMR & 1) Kbk A KR, A
AL . FESERa FE v, 3 12 h e PRI 5%
W TR ER A S i, A3 12 h 1 24 h HARAG
IVl PR U A (Griess RIS MARIR LT (),
HFE 36 h 2 J5 WA K 2 AR A, 76 W LA I
TSR R AR A . 25 3R, itk FPe I
MR AL T2 TR, HA W5 R R
b, TSRS A . XSGR HE
HABEEE Y,
2.4.3 Tk FP6 XL AEER RAIMI 1% Hi &l 8 AT
DIF H, B AN R U BE 38 0 (1) TRTkk FP6
(AR RGP TR S, 453 280 mg/L i, HAE
K oe i, (2) WASERE AL E I bR
WIREAG, S ASIR Z R L = F 140 mg/L B, IRk
FP6 1YV MR & 2B iG el 58 a3l ; (3) ODsoo
(18 75 b o 34 5 I A R R0 A R R R 1 A b e
PR, FKWRR FP6 AR K IG S W &l 2=
BRiGMEEA — Sk
3 i

NO, -N ZAH/Ef 2 kz—.
Verbaendert 2% K Am ZEAUFT B AOIF ST L BH, S

B AR S A E T 2R AT i H, He— 24
FIFH NO, -N #47 R At Ak A o Sorokin 257y %

=+NO,-N - TN - OD
80 0.4

60 0.3
0.2

20 0.1
0 ' ' —=a 0.0

50 70 140 280

OD 600

Removal efficiency (%)
B
[}

NO,™-N (mg/L)

8 THHk FP6 ¥ NO, -N B =2 4Eh
Fig. 8 The tolerance capability of strain FP6 to NO, -N

R — ¥ It %047 AT 2 (Thioalkalivibrio  denitrifican)
ALID TE5A R BA) Hh DRAE A K i A1 T
NO, -N i AJ& NO; -N VN T2, NO; -N {2
YRR IRBE A . I RR FP6 7E 48 h [N DKL 25 mg/L
AR A e = bR, SR LBRFIR 26%, 5
Kim S50 BRZBRR 33% T . Htk FP6
X AR R IA —E ) EBREE ), HHAIH
TEIR A FEA TR AR A o X AESL BRI A R
AEEE L (1) "] AEBRIFFE KA T SRR A
(2) AL T FRFH KA T B R L ) I R R
b, AR TR AT . bk FP6
X2 A BRI RE I AT AL, Mk A AL 2
XA —E IR, (R SEPRIRFE AK A Y
FWRWE —BALT 20 mg/L, A2 LI # Ak
FP6 (AR FIBR AU 1

R R S AL A R A K S SR T,
FAEAEAE PR A, BRIEFPIEXT B FP6 1Y
SRS A AR IS M0 . BBk FP6 AT LATE LA |
PR AN AR RR M R he it iy 5 7Rk rp AR 4, (HLA
RERE R ae I i H ARG | AR AL 22 B A R i Ak
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TEMERIR B T ey, 35 SR Ak 4 B S0 1) )
FAT N T IR B IR 45 R LA e, 7
SEBRI A, AT DA A FE IR A I i B A T
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