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Identification of a Heterotrophic Nitrification-Aerobic Denitrifying Bacterium and Its Removal Characteristics of Nitrogen
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Abstract [ Objective ] To identify a heterotrophic nitrification-aerobic denitrifying bacterium, and clarify its denitrification characteristics.
[ Method ] A heterotrophic nitrification-aerobic denitrifying bacterium was screened from the sludge of aquaculture pond,was named as HD-
NAH.The strain was identified as Enterobacter kobei by morphological observation, physiological and biochemical tests,and 16S rDNA sequence
analysis.The removal characteristics of nitrite nitrogen and total nitrogen by HD-NAH were studied. [ Result | The results showed that degrada-
tion rate of nitrite nitrogen and total nitrogen by strain HD-NAH were 99.98% and 89.37% respectively ,under the conditions of trisodium cit-
rate as the sole carbon source,C/N 18,pH 7, appropriate culture temperature 27 °C and shaking speed 190 r/min.The strain HD-NAH had
preferable degradation rate of nitrite nitrogen and total nitrogen under pH 7-10,temperature 27—-37 °C ,and shaking speed 130-210 r/min, it
means that strain HD-NAH has strong environmental adaptability.The degradation rate of nitrite nitrogen and total nitrogen were measured un-
der different nitrogen source , the rate was arranged as;NO, -N>NH,"-N+NO, -N>NH;-N+NO, -N>NH,"-N>NO, -N.The strain showed a
certain short-range heterotrophic nitrification-aerobic denitrification process.[ Conclusion ]It provided an alternative material for the denitrifica-

tion of aquaculture wastewater basing on good denitrification characteristics of the strain HD-NAH.
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Fig.1 Degradation ability of different bacteria to NO, -N
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Table 1 Physiological and biochemical indicators of strain HD-NAH

e ’J_ﬂﬂ_ﬂilﬁ H v
Physiological and
No. . . . Result
biochemical project
1 FLpE +
2 H N -
3 MR JZ v -
4 V=P )i +
5 IKARVERY -
6 TR I +
7 MERH R ER A 5 +
8 Wk -
9 LUK -
T+ " T, BT
Note;“+” means positive,“~" means negative
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27F/1492R %[tk HD-NAH [ 16S rDNA 47 PCR ¥4, 31
PEBEEERCAN PCR 7™, #E 1 500 bp AbA7 I i 555 (181 2A)
KN 1475 bp, Blast LEXT43#7 /5 % F MEGA 7.0.26 R 44%}

PP AT R g8 kAL A, 25 2R DL 2B, bk HD-
NAH 5t P g3 STW0522—-51 J2 Enterobacter kobei strain
WCHEKO045523 [RR4 K Rl . 453 B 82 A B Ak
AR F bk HD-NAH %5 N ph - T

A > B 926 | Leclercia adecarboxylata strain L21 (CP043397.1)
A 0
0&0 0’$ | Leclercia sp. LSNIH3 (CP026387.1)
& Ay Enterobacter kobei strain STW0522-51 (AP022431.1)

HD-NAH

65

Enterobacter kobei strain WCHEK045523 (CP032897.1)

| Enterobacter ludwigii strain CEB04 (CP039741.1)

1500 bp

95 | Enterobacter ludwigii strain AA4 (CP018785.1)

Enterobacter cancerogenus strain MiY-F (CP045769.1)
Enterobacter cloacae strain WP5-S18-CRE-02 (AP022126.1)

Enterobacter sichuanensis strain SGAir0282 (CP027986.1)

Enterobacter kobei strain C16 (CP042578.1)

64 | Enterobacter cancerogenus strain CR-Eb1 (CP025225.1)
Enterobacter cancerogenus strain UPC1 (LR881936.1)

Enterobacter bugandensis strain 220 (CP039453.1)

0.00050

97 Enterobacter cloacae strain MBRL1077 (CP014280.1)
50 Enterobacter hormaechei strain Eho-10 (CP048703.1)
67 | Enterobacter hormaechei strain Eho-6 (CP047729.1)

2 PCR #i% HD-NAH E##) 16S rDNA (A ) REF 16S rDNA 55 R Gt L 4% (B)
Fig.2 PCR amplification of 16S rDNA of HD-NAH strains (A) and phylogenetic tree based on 16S rDNA sequences (B)
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Fig.3 Effects of different carbon sources on the nitrogen remov-
al characteristics of strain HD-NAH
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Fig.4 Effects of C/N on the denitrification characteristics of
strain HD-NAH
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DL 2SR UL R bR HD-NAH X P Rt s HoA 50 1
BN FE pH 7~ 10 X0 R A B A9 L BR R NI 5 2k e g
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2.3.5 PRIRFLHOG TR HD-NAH B AUREME RS20, SR IAEE

TR R . B T T, HR RS A 130~
210 r/min B, BERRXT TN [1REfE3IC i E52 00 (P>0.05) , TN (1)
VR AE 81.75% ~ 89.37%; i i Jy 150 ~ 210 v/minfif , A%
NO, =N AR 2R TC 225405 (P>0.05) ,NO, =N [ fif %
HJitiict 99.90% ; 48 R #7190 r/ minfif ,NO, N TN [ figt
BRI, 43k 99.98%F1 89.37% .,

Fig.6

443% Speed Il r/min
B 7 #E3tEgk HD-NAH B S 45160 220

Fig.7 Effects of rotational speed on the nitrogen removal char-

acteristics of strain HD-NAH

2.3.6  AIEFEXTFE AR HD-NAH B AR PRS2 . 3R 2
AN, FELL NH, =N ShyfE— (U I, NH, " =N [ 25 B oKk 5
87.68% , - Y5 B fif i %y 4.45 mg/(L-h), TN LR N
70.43% , H NO, -N FR B BV 2.90 mg/L, Lk NO, =N Jyiff
—RIRIE,NO,™ =N [ L BRFh 74.50% , F- 34 [k AL 8 % R
3.78 mg/(L-h) , TN 2[5k 69.59% , H NO, -N F B#5/0>
1%5.23 mg/L. LA NO, =N i — &, NO,” =N [ LB %
4 99.84% T EIBR A H R 5.06 mg/(L-h) , TN LERF N
91.60%, H. NO, —N 58 B ¥ J¥ }y 1.10 mg/L, LI NH,"-N+
NO, =N iR &R, NH, " —N LR34 83.65% , F-H4 bk AL
%%y 2.12 mg/ (L-h) ,NO, N %%k 96.63% , F-H % Ak
ZH32.45 mg/(L-h), TN F: 5% % 88.45%; 1) NH," -N+
NO, -NARERIBHISM T, NH, N %K 83.21%,F
PR %A 2.11 mg/ (L-h) ,NO, -N %4 96.34% , -
VIBR A ANy 2.44 mg/ (L-h) , TN LERZN 89.29%, L)
gEILFRIH B — VR AT, R AT NO,™ =N Ay 25 B R 2 bk
FRARc i, X NOy =N [ 22 BR R A LB R Al XF TN |y 2%
5 SN 2 [ R F B NO,” —N>NH, *~N+NO, -N>NH, " -N
+NO, -N>NH,"-N>NO, -N,

2 Hik HD-NAH XA ERIFEHERER
Table 2 Removal of different nitrogen sources by strain HD-NAH

¢ BRI Nitrogen

S Sl

U resldue concentration // mg/L Removal rate /mg/(L+h) Removal rate // %

Nitrogen

source NH,”-N NO,"-N NO, -N TN NH,”-N NO,"-N NO,"-N TN NH,”-N NO,"-N NO,"-N TN
NH,"-N 15.00 2.90 15.30 36.00 4.45 — — 3.57 87.68 — — 70.43
NO, -N 1.00  31.05 5.23 37.01 — 3.78 — 3.53 — 74.50 — 69.59
NO, -N 1.60 5.00 1.10 10.23 — — 5.06 4.65 — — 99.84 91.60
NH,"-N+NO, -N 9.95 2.05 2.33 14.06 2.12 2.45 — 4.49 83.65 96.63 — 88.45
NH,"-N+NO, -N 10.22 0.90 2.23 13.03 2.11 — 2.44 4.53 83.21 — 96.34 89.29
3 itig A S AR IS P — S bR 22 5, 0 P stutzeri

BIAR HD-NAH DIFFBERR A A Mt — B Iy EAT B i i
RUVERE , T LABKRIR G . T R B 3P A0 TR A0 0 BEM oA i LI
NO, =N Fll TN BREfRRIGIBAL, X 5 P.stutzeri H)-7 255 —
LR DI TR AN A ME— BRI, 30 h BB 2% BRoK 74 Hh 42

YG-24 1ELURERE Ay i — R P54 T S i Ak ad B b X NO,” -N
E@%%éﬁ%ﬂ%ﬁ?“ﬂ P.putida HJH1 F1 Klebsiella oxytoca HJH2
PLH AR R e — B SR B, X NO, ™ =N [ B s s el
U, B AR SO0 TR R ) M R R SE IR K
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78 C/N KT 6 B}, i #k HD-NAH Xf NO,” -N [ R# %
IARARR , 322 F T AR e T L Sy 4 11 1 2B A7 SR AL R 8 1
REUR, P ECHA: KRG 5 2 C/N 71 6~ 18 N, TR R R il C/
N i b AR C/N 48 B A0 S R, i3 2 1
TFrEmnmg C/N 2 40 B R KRR £ x5 P
chengduensis ADM 2-2 C/N fy 5~ 11 P.chloritidismutans ADM
8-1 C/N Jy 5~ 13 [y BR A #adh—0, WL, C/N (i
PRI PR A PEREZ AR K

FRVEPREE I BAR A G, P REAZ IR E PR EE 23 30 i AT A
T REMGE VEFN AN ARG, 1X 5 Acinetobacter sp.GNR 54
P2 {HE Bk HD-NAH 7€ pH 2% 7~9 %} NO, =N,
TN f B2 588 1T 95.0% 1 79.0% , i BH rhPE Fns i 1 45
AR T LR A RS AVE ], RMEEAE pH 2 10 Y5855
PEFRES T, BT NO, =N TN f B i % th fig A 5] 93.01% A1
70.38% , W1 IZ KT TRBE 1592

Rk HD-NAH 7EJR 0 27 CR R R R iedd, HAE
27~37 CHIRE R ZBE NO,” =N TN, X i BE 19 38 )07 12 T 4%
X 51 2 A% G Ak — SRS Ak R A 0 1 el T BE AE 25 ~
37 ¢,

T SR R R R AR P A AR, T A R T R I s
WA PRI AR o IR IR bR HD-NAH 7€ 5 AN 40 T B
ORI BT PR HD-NAH BETER 10 175 48 3 Fil ik
AT, 33X L — SRR U A ) H R 52 AR A vk B A B S
L7/

ARSI 25 R R W, Wbk HD-NAH A 8L 10 5 7
AL S RS AL RE T, S PREE h NH, ™ - N IR B2 55 = i (LA
NH," =N M —% ) , fA4E—& NO,” -N L&, {1 NO,”-N
FRREED YR B NH,™ =N v B2 AR I (2L NO,™ - N 5§
NO, -N M —% ) ,NO,” -N HA —E R, H N0, -N
FRERED X BIIZ A 2K i NH, =N Y BE8 & B, pH. fi ik
P, I8 SO SR B AH AL, TEAH SR 25T, TR B R 2L
AR AR K, A — R R SRl At e s A 2
4 ZEig

FRFIE YA i T 2 1 kA AT 5 ( Enter-
obacter kobei) HD-NAH ,iZH H A # 5 NO,” -N . TN [&fE %,
Pk HD-NAH LBk NO, =N [ B A& A4 B U5 g R
BY,C/N Jg 18,904 pH g 7,58y 27 °C 3 4 190 1/ min,
24 h g%t NO,” —N TN [&f# 25510 99.98% F1 89.37% , A~
IR S&AF N, Bk HD-NAH ZE{IR NH," - N i 2 rh 5 I8 i
SRR AL AL  7Em NH, " =N iR B8 P A2 e — o R P v IR i 1k -
SR AR o SN AR 0 B P B AT T ] Tk A AR
PR, 2 T HAE S G K 1 SE bR FHA R — 2B A5
S Ak

[1] KUYPERS M M M,MARCHANT H K,KARTAL B.The microbial nitrogen-
cycling network [ J ].Nature reviews microbiology,2018,16(5) :263-276.

[2] ROBERTSON L A,KUENEN J G.Aerobic denitrification: A controversy re-
vived[ J].Archives of microbiology,1984,139(4) :351-354.

[3] YANG J R,WANG Y,CHEN H, et al. Ammonium removal characteristics of
an acid-resistant bacterium Acinetobacter sp. JR1 from pharmaceutical
waslewater capable of heterotrophic nitrification-aerobic denitrification[ J].
Bioresource technology,2019,274:56-64.

[4] CHEN H J,ZHOU W Z,ZHU S N, et al.Biological nitrogen and phosphorus
removal by a phosphorus-accumulating bacteria Acinetobacter sp.strain C—
13 with the ability of heterotrophic nitrification-aerobic denitrification[ J/
OL].Bioresource technology ,2021,322[ 2021-04-15 ].https :// doi.org/ 10.
1016/j.biortech.2020.124507.

[5] TAN X,YANG Y L,LI X et al.Intensified nitrogen removal by heterotroph-

ic nitrification aerobic denitrification bacteria in two pilot-scale tidal flow

constructed wetlands ; Influence of influent C/N ratios and tidal strategies

[ J].Bioresource technology,2020,302:1-9.

YANG L,WANG X H,CUI S, et al.Simultaneous removal of nitrogen and

phosphorous by heterotrophic nitrification-aerobic denitrification of a metal

resistant bacterium Pseudomonas putida strain NP5 [ ]J/OL]. Bioresource
technology ,2019, 285 [ 2021 -04 - 15 . https ://doi.org/10.1016/j. biortech.

2019.121360.

XIA L,LI X M,FAN W H, et al.Heterotrophic nitrification and aerobic

denitrification by a novel Acinetobacter sp.ND7 isolated from municipal ac-

tivated sludge[ J/OL ] .Bioresource technology,2020,301[ 2021-04—15].ht-
tps :// doi.org/ 10.1016/].biortech.2020.122749.
[8] ZHANG Q L,LIU Y,AI G M, et al.The characteristics of a novel hetero-
trophic nitrification-aerobic denitrification bacterium, Bacillus methylotro-
phicus strain L7[ J].Bioresource technology,2012,108:35-44.
[9] PADHI S K,TRIPATHY S,MOHANTY S, et al.Aerobic and heterotrophic
nitrogen removal by Enterobacter cloacae CF-S27 with efficient utilization of
hydroxylamine[ J ].Bioresource technology,2017,232.285-296.
[10] CHEN Q,NI J R.Ammonium removal by Agrobacterium sp.LLAD9 capable
of heterotrophic nitrification-aerobic denitrification[ J ].Journal of biosci-
ence and bioengineering,2012,113(5) :619-623.

[ 11] A4efE, ARSCUR, =M R — MR R IRE - S S S RS &k i ( Di-
utina rugosa ) 5B M EURIE L) ] A= oK 12,2020, 36( 1) - 60—
65.

[12] DUAN J M,FANG H D,SU B, et al.Characterization of a halophilic heter-

otrophic nitrification-aerobic denitrification bacterium and its application

[6

[l

[7

[

on treatment of saline wastewater[ J ].Bioresource technology,2015,179;
421-428.

[13] CHEN S H,HE S Y,WU C J et al.Characteristics of heterotrophic nitrifi-
cation and aerobic denitrification bacterium Acinetobacter sp.T1 and its
application for pig farm wastewater treatment [ J ].Journal of bioscience
and bioengineering,2019,127(2) :201-205.

[ 14] ZRF52k, 220, 1 W AMEE A 50 SE T M ALt R H R, 2001
15-18.

[15] ESEREERTEUm , IR K T 51D fhZs s AR s
SIMTITIEIM] 4 AL s rREERER A, 2002 1-2.

[ 16] XIS, 25K A0, XU, 5. 1 MRl IR i (U AR 1 4325 S Mt b
FHEL) ] PRI 510K, 2019,42(3) 1 152-157.

[17] LI C E,YANG J S,WANG X, et al.Removal of nitrogen by heterotrophic
nitrification-aerobic denitrification of a phosphate accumulating bacterium
Pseudomonas stutzeri YG-24[ J].Bioresource technology,2015,182:18-25.

[ 18] TEUIFE S AITE Y 53 B e M H I R R 2P e [ D ] A8
PN AR, 2015.

[19] HUANG H K, TSENG S K.Nitrate reduction by Citrobacter diversus under
aerobic environment[ J].Applied microbiology and biotechnology ,2001,55
(1) :90-%.

[20] TGeHE, 25 i L, S5 I S A B e g L /KB S it
R[] D TR, 2016,38( 1) :65-69.

[21] VB, 2R 550, S5 S R - I S S C TR GNR 8 5 M
SE A RS [ )] B TR, 2021,39(2) :21-26.

[22] BRI, S0, X5, 5. Romhl -1 SR S R R IR R
[T EPRERIEE SRR, 2020,43(5) :41-48.

[23] LUO G Z,LI L,LIU Q,et al.Effect of dissolved oxygen on heterotrophic
denitrification using poly (butylene succinate) as the carbon source and
biofilm carrier[ ] ].Bioresource technology,2014,171:152-158.



