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Advances in heterotrophic nitrifying-aerobic denitrifying
bacteria in marine environment

QI Ruijie, WANG Jianxin

Marine Science and Technology College, Zhejiang Ocean University, Zhoushan 316022, Zhejiang, China

Abstract: The discovery of heterotrophic nitrifying-aerobic denitrifying (HN-AD) bacteria
updates the conventional theory of nitrifying. The HN-AD bacteria capable of simultaneous
nitrification and denitrification under aerobic conditions have become a research hotspot in
recent years. These bacteria play a key role in the marine nitrogen cycle. We introduced the
diversity, nitrogen metabolic pathways, and related enzymes of marine HN-AD bacteria and
analyzed the effects of environmental factors (salinity, C/N ratio, dissolved oxygen, pH, etc.)
on the denitrifying performance of HN-AD bacteria. Furthermore, we summarized the
functioning processes and applications of these bacteria and made an outlook on the
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development directions of this field.

Keywords: heterotrophic nitrification-aerobic denitrification; metabolic pathway; biological
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RAEIS T2 R YA 51 2 Fh A P ek
TGRS, W YA . 2. KA
Ak, AR EZ AT g
i R Ak TR 3 4R B SR i AR R AR S 3R B
1o TEAVE I —RER AT, BRBMEYRA
RV WAH S R FEIR A ;. [ fiffbad 7
SETEM R PRAESMTT . SR AHE Y IR A
WIF R ERGENET, WA EBREAETA
[FCE ), (0 S50 L4748 SRS 46 (heterotrophic
nitrification-aerobic denitrification, HN-AD) ]
RINRME TG A, A R FREE s
B T[R4 A0 S A4k (simultaneous  nitrification
and denitrification, SND). 5& G A T M E,
HN-AD 23 & A ARG R (1) LA
FAL I RE R I 6 AT, Ak T AR, Wb
TG RR, A5 I TRUA, RAR T
REYZ DA AR 4 5 (2) HN-AD 88 2%
FECEX R | R E 4 R SE IR A A
mPLE, R TIEHIREEE; 3) HEA
(NH NI & 5 A0 Ry 87, RS #e b L
SF- JCAiH R ER (NO5™-N) F L Al iR £k (NO, -N) Y ]
2, RAEBRRCER R ; (4) SEIRMAVER &
YA YA B T 5 Z R i | IR G 5% .

ROICE S PRI AE W) A K B 75 ) 8 o
2, VEREEEIG A ST REIA , XHAEAR
AR AN ] A 25 R GE R S MR G ),
RAEIE R IEFTEA S RG DY RS e G R
R Mo, MR AR S R G RE R A
HAEEE XD, shimnask, WEWL T
b Ak R bR RN A 294k 7K 57 55 BRI B PR
&, HEAKIKRR SRS R aighn, 5

HES RGP EERMMBW N AL, FEUE
BB RAM, B AR, tF HN-AD i
() R BTSRRI HN-AD W Fh 2
FEPE A D REAS BIWF I N BL YOG, U
TR AR A SIS T & 1) HN-AD
ZAEET, (B TE SR . ARV A R SRR
WS iE T T, IR s R S AR K
AT AR A A v ELAG R Y 1
AR SCHLTEVERRE HN-AD B A0 . ARSHRTR
AU ISl N % NIV R At YWl TR i p 2 s
JF A HRET HN-AD & B 7R A G A h ) &
X, BRI .

1 REAHA-FERMAOENLX

1983 4F Robertson 2517 Ik KB T —Hk E AT
SR AL - U SAUR E AL RE T R4 T Thiospharera
pantotropha, [& B 44 A7{Z 55 Rl ¥k 14 (Paracoccus
pantotrophus), 377 ¥ #2& i HN-AD & Ibe
MR R Z 1 HN-AD g A, Hrh DIAEEZ .
MERIER HN-AD R s et 24 16 4~
J&, e DR [CH & (Zobellella)® ' K &
(Vibrio)® ' £k ity 5 J (Hal omonas)! ' >0 2 4
FFHJE (Bacillus)!'*"755 R4 TR R IE T
eI AL/ LN 1 &1 - | NEA W U0 7 175
F G OVR] TV SRR L 4 BBt R AR A T
HN-AD fEf, 4 Fang ZPUMERIT. I RZTTH
Ay S RE TR Barnettozyma californica K1 %24 4
22 BRACRAT A 99.11%, MR 25 Bl ik
81.48%. w43 TE HN-AD [ FAH A5 B R i
RAFPEILER 1. i, 2% HN-AD WY EE
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®1 BOEFTRENEAFU-FERBEUE R
Table 1 Nitrogen removal characteristics of some marine original heterotrophic nitrification-aerobic
denitrifying bacteria

Genus Strain Source Carbon source C/N Salinity Ammonia References
(%) removal (%)
Zobellella B307 Bay sediment Sodium succinate 5 7.5 98.35 [10]
A36 Mangrove wetland / / 2 / [9]
Vibrio SF16 Marine sediment Sodium acetate 10 1-5 91.82 [11]
W37 Mangrove wetland / / 2 / [9]
Halomonas X3 Aquaculture wastewater Glucose 10 3 98.29 [13]
SDI136WNI1 Mariculture water Sodium succinate 5 3 64.00 [22]
GYL Activated sludge Saccharose / 2-7 98.30 [14]
HN2 Activated sludge Sodium citrate 1520 3 100.00 [15]
Bacillus N31 Mariculture water Sodium succinate  5-20 3-4 86.30 [16]
SLWX2 Mariculture water Glucose / 3 100.00 [17]
Exiguobacterium SND-01 Estuarine sediments Glucose 12 3-5 93.60 [23]
mexicanum
Pseudomonas ADN-42 Hymeniacidon perleve  Sodium succinate 12 4 75.80 [24]
F2 Mangrove wetland / / 2 / [9]
8-C Marine sediment sodium acetate 7.5 3-8 93.6 [25]
DN13-1 Deep-sea sediment / / / 98.89 [18]
Paracoccus LYM Sea sludge Sodium lactate / / 75.40 [26]
versutus
Marinobacter F6 Mariculture water Sodium succinate 15 3.2-3.5 48.62 [20]
Serratia CL1502 Deep-sea sediment Glucose 20 1-5 76.70 [19]
marcescens
Klebsiella y6 Sediment of Jiaozhou Sodium succinate 17 / 99.67 [27]
Bay
Marinomonas SR148SN9  Mariculture water Sodium succinate 5 3 65.00 [22]
SD167SA1  Mariculture water Sodium succinate 5 3 59.00 [22]
Achromobacter E43 Mangrove wetland / / 2 / 91
J1 Mangrove wetland / / 2 / [9]
Photobacterium  NNA4 Mariculture water Sodium succinate >10 1-4 >70.00 [28]
Stutzerimonas TF18 Mariculture water Sodium acetate 10 1-4 89.21 [29]
frequens
Acinetobacter 2-1-H Marine sediment Sodium acetate 10 3-8 89.1 [25]
Dietzia maris W023a Marine sediment / / / 97.6 [30]
1FIRTEJE SRR I

/ indicates that the data was not mentioned in the reference.

I FEITE 3%—5%Z 8], /8] LATA F 6.5%A I,
KR4y HN-AD B7EJG NaCl (IIREEH ok Ad
o HN-AD BT IR LT —FR NG R B 2k
BHWIAF, FARAT LR A AR, RS

A B R85 DL AR R s A G, RIS [F] i bk
Y5 A 4 o X C/N 1R 38 7 ¥ LA 520 =[] o X
AAWMEBRFEAFBEFRF M TN EFKK
(48.62%—100%), {HZHUAT ik 80%LA I,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FEE F | BENMRERAHL-FERBLENARER 69

2 RAEMA-FERHEHR
Wi 12 fo e < B R

LG T IR RS A A SR T 7571
HEPPRE I D S R 2R AR R i PR AU RN PR ALY
TR . S AR R T A R A R R RN R A
AL R AR R . HN-AD B AT DR 45 F
R L [FAEE AR BN A HLA, W] L
W S AVE DR R R S A /A AR X T 5
B/, HN-AD & H i w8 oA w9 A i is
A PR — Ty SRS 52 4R Ak AN S A
AR AR AN S AR AR T 09 45 & s 7E A IR
R, BAREIHAARFER, R T
TH IR ER R (5 AR ER v] B AR k) , i1 28 A A
YEREAL AR Sn—FEeih, @5k
SRR, PR AT B R S A R
=8y, A A AR ER LR

AT A R T RES 5 Y
Jiff - A 2 N 48 i (ammonia monooxygenase,
AMO) . & & &/ 1t i& )& B (hydroxylamine
oxidoreductase, HAO) . fi§ & £ if It [i§f (nitrate
reductase, NAR) . W fif fig £ i JiL i (nitrite
reductase, NIR), — % k&L 5[ (nitric oxide
reductase, NOR)FI5 L AL S i (nitrous oxide
reductase, NOS)%5 . 7EA[A bk, AACHIAHC
MR RIAFERKRES, FEAN®RR
AR RIPY 3840 HE G Bl A T 8 2L DR RD B
RN 2 prRP>3,

REH V2 Wbk T 2V 0 fr R B
HN-AD Yt , {ELi 1 56 A 20 0B 14 23 B ik ok
TR 20 KA AE T SR A AR TG 2 e 2k [
FOCHER . AT HAMIEE, 2R
B R AR R ] RE S TS ACHEE . Liu
EP3E 1 qPCR 1Y 7 45T narG. narA. norB
Al nirB 2L K 7E Sutzerimonas frequens TF18

x2 WoamsERMERERE
Table 2 Functional genes and action processes of
some enzymes

Processes Enzymes Genes
NH,"-N—NH,0H AMO amo
NH,O0H—NO,-N HAO hao

POD pod

Nitrification

NO, -N—NO; -N NXR nxrAB
Denitrification NO3; -N—NO, -N NAP napAB
NAR narGHI
NO, -N—-NO Cu-NIR  nirK
Cd1-NIR nirS
NO—N,O NOR norBC
N,O—N, NOS nosZ

MR IK, WE T 58 B Ak R IR 3 8 R
(NO; —NO, —NH,") F1 JZ fi§ ft. (NO; >NO, —
NO—-N,O—-Ny) &4, HIFFA A BLAH 1k 12 R X6F 1
f) hao, amo %:[H . Huang %P7 Halomonas
venusta SND-01 HJZEAZH F1 R & Bl HAO. NAP
F1NIR AHXF L A Zh e RE A, (H R P24 HN-AD
UiRe, FFA4E amoC J DK b 47 7 HE I 7T B A7 7E
B AMO ZER# Bk SND-01 H1. Zhou 5PV 5
Y Acinetobacter oleivorans AHP123 53¢ 24 h
X NH,-N A9 £BRZ0] LA F] 97.93%, {Hid
o JE R A VR ARG 3 amo ., nap Al nos Z5AH 56
ity 5L A, A0 AT BB A R At A 0 i S B
HN-AD i gE.

2 H A S s 18 8 0 5 FR A -1 R
LM R K Z, i TAFR KRBT, A
(] i o TR %) A B 2 A 2 SO R AR AL
PEM ARG, o TG I R L A R AR i A
K PEREO . HATEE L R R s . A
fity 2% TS W0 L S Ak A v ] 0 R AR
M A S T BORMEWT s A2 . Bk, K2
) HN-AD WYFRZHErE, T e T7EA 2R
RAPER b R RE AL R0 2 S, DR DRI il ) 1 2
FRNBHRR AR, D EENR .
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3 FAMA-FEARMAEEK
Bt RIER % vE B &

3.1 EE

HHEIXTF HN-AD B A 0F 58 Fl R 2 24
HZEARER PR B v, T S B v 3 B R AR
R S B Eh AT B I (R E>1%)
T, BBEERERALL, SRBEENRAEYL
SN IR R A AR A, R E i A KA
IR FAE s [FIE, B B AT
TEPEREAR, 4RI K 5T BE 43 25 B R 3BT T
(B A P 1) R R T T R DR O R 0
AW TE BRI BT T B AR & B R

VRS JR ) HN-AD 4058 A i 5 1AL 3,
Xof L R L ML Rl PR AR R E TR A
WEFE, X BV B 0 & RUR K AL PR HAA R
o FTH AR HIVE DT Y 438 H Zobellella
sp. B307, fEXRJE N 75 g/L WF, H NH,-N Fil
NO; -N EFRF0 51K F] 97.67%H1 94.39%.
Ui % R PR TE = R B S T A AR K R A1 B
RACEK m, RVDZE R EA R B3 E Y
TRl o Duan M MR TUR) P 43 B8 14 JE VR O
B (Vibrio diabolicus) SF16 7EE 1%—5%H BE
ZB% 91.82%F) NH,-N F1 99.71%F) NO; -N,
M AETCE AN R EE T JLF- A RE 2Bk NH, N,
Guo 2P\ ER BN 43 25 i Halomonas campisalis
ha3 AJ DATE 20% 1 /5 £6 B 45 1 N #E T AL
3.2 iR

e Y5 2 52 M A ) A AR ) 2B R
i, ARPHEEAERE IS AN AL T TR, T ELRUED
AR G 28 F4 B A AT AL 2 A A 2R B0 TR
Filie Y5 P Ao 2 RTREL X6 B 2 X A A 4 1 A K R
RACE B, HEifikE s HN-AD
21 T A O BR TR B RN . AR L R
FERETREN . T RN IR IR A A1 L FR AN S5 . Zheng

4120173 BB Marinobacter sp. F6 75 L A7 R4
B ATEERR AN BRI A L AR R, LT
TR AN R R R AN B AR K R e ok HLB U A R
AT LLIRE 48.29%. X ATRE S T RN 2k A
SRR ISP L AR IR JE A 6. Liu
4:1291/5 B 1) Sutzerimonas frequens TF18 75 LB
FARREMAE A i IR B NH,-N 9 L BR %0 98.96%,
T LA TE B R B U5 B NHL'-N 19 5 R R AA
59.62%, S ) 08 ] - i /N R RO
3.3 C/N

C/N 3 12 FL 1% 326 55 FI G 1% 52 ) HN-AD 2
FRU J] Aot 52 o B R A A R R RS . 24K
HN-AD FPRXT C/N AIE i B A, BERT
Redfield %%, Cui %1438 Exiguobacterium
mexicanum SND-01 24 C/N M 4 FF+3] 20 i,
NH, N B EBRR M 51.4%H 5] 99.9%; {H4
C/N KF 12 B, S Z5H AR A KR i 5%
B, AR R . Huang 25193 251 Bacillus
litoralisN31 7£ C/N {2l 5-20 B, NH,"-N 9
FBRARH AT AR EFTE 90% LA |, HX C/N JE Rl
PRI 52 A7 R T L S L
34 pH

REHRIE R HN-AD 205 78 ik s it
ZAF PR M L ks B B
Pk Halomonas sp. GYL #£ pH 7.5 B ik £l KA
R, H NO, -N R SR b pH E 1) T+ 2
f. Dong 253 E5 1) Halomonas piezotolerans
HN2 7E9It4 pH 6.0-9.0 B, 24 h AT AERR L
SERFAE B NH,-N, {H7E pH 6.0 i}, NO, -N 1
ZREE . AR IR T AE Ho 2 A Ak
pH AYASAL SRR, DRI pH X 480 il Ak ad
R M B 2
35 BE

H 48 19 2250 HN-AD 4178 g IR i , B
RBCRAE 25-37 °CYE RN B ™, b4 i 4514
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A 3 ) A UM R (Pseudomonas fulvay
K3 M7E 30-35 °CIbJE N 2 A LB ATk
90% LA |, i E I BE Y R A AE . (I R IR
REAIK 10 °C, JREAUHR AR, HL 40 1 1 A4 K A
Titf 115 35 37 B 2 AL o SR A SO IRV IR BT 4
f) HN-AD 4 P& 7EDRASHER o M BRI 1 IR B HLA
MG IE: , 40 Wang 25143 B3 1% Mibrio sp. LY 1024
FERE AT LATE 15 °CHF % NH, =N F1 NO5 =N )25
ROPPIIKF] 97.3%F1 76.4% . 7 196 v R MRH I 1)
HN-AD B F 470k 4 Z AR IR B A P 0 4
R A LT
3.6 EHfb

At 52 M) PR 26 AN £ 4 (dissolved  oxygen,
DO). 4 i % X 4 AY I R R A K
M, Jin SECYRIESY & B — € R Y DO 34T BE
SR HE BRI AR KA R ARE R, FREIE DO
I IR R e, AT 193 25 19 Pseudomonas sp.
AND-42 f£ DO<3 mg/L FRZiBg < a4 1 xt
NH,-N #2035 100%. Huang %155
i Serratia marcescens CL1502 X Cr*™f R i1y

2 H

4 Frwt-FERHLERA
BOR L A 58 #4

4.1 [EKLBRMESEES

UEAE SR X HN-AD [ (9 i 55 15 21 Pk % Ji
FRORTE M AU VE RE B 53 08 32 245 B 7 S0 0 % bt
FEB B, AR T IR R 2 K A B 2R G
AT ERBEEY, Aot T L2
RIS VAL A . R E (LR g &5l
Wk s, EEhEad Rl T AR . R S
e Ak 3 5 A5 R 2w I Ui 1, ARk or 1)
¥ 3 MR K FRFEIAEE 43 5 1 HN-AD 414 W
FETERT LA Mg an EA Tom AL HE IS, 76 U W)

BFAT LBRIR A I, $em T HKIRIE K 1
R BRRPIRALAEREE A 3% it s
2%, I AHRD A johnsonii 2-1-H I P. kunmingens
8-C 4L/ HN-AD THHF, % NHy-N iy EERA L
Xif HRZEL 2 55 78.40%, i 4R T T = £R BE Mk e
AR . Wu ZEPOEfE I S E AR T2
(solid phase denitrification, SPD), % Acinetobacter
sp. TAC-1 WZftTFAEW I BEME R 540, HN-AD
ARG DR R B AR A T A K
A, ZM%f#)G HN-AD R1ER TR ALY
JE, T8 b RS 19 W) 25 6l 4k I i A (simultaneous
nitrification and denitrification, SND)id #2, £
Prstsm MU REIS 45 M )5, £ DO N 3 mg/L &A%
T, HBESCRIRE T 50.46%. Xiang &5
1L 768 B0 K A 1 JBE R 1V #% (moving bed  biofilm
reactor, MBBR)#: ill Zobellella B307, 7 &£k &
(65%0) 71 K /K i COD. NH,"-N F1 NO5 -N )
FZBRRA BT IKE] 95.6% . 94.4%F1 85.7%, If
BE TIKRN HN-AD RS & 2 6E
FE AR X R, fESLge s HiEIL COD/TN
FAFRUSI HN-AD () MBBR T2 HAHER
JE R EBRTERE
4.2 HN-AD HRIEHAR R

P, BEFEN BT8R G HN-AD T BRI
JBN 2 4t (quorum sensing, QS). 43 HN-AD 4ff
W AT LR S 550 F 5k A B Pl iy LR 3R GA
KRR AR, LA XA BE 2546, Zhao
DIt % P Vibrio sinaloensis strain W37 0] L)
774 C8-HSL 5570 F LA Je SMP 724, *f
Achromobacter pulmonis strain E43, Zobellella
denitrificans strain A36 4§ HN-AD 415§ 1) 4= K |
S AE AL A P (R T A fE i VE T . Zhu 250
9% &P, P. aeruginosa PAO1 1 QS BRFE 2R AR A
RIS ARE ST, AT n-TE L= 22
FATR TN TR B 1 ) D A 5 K B — o Wk BE 2
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NOR Fll NAR 315 B, RIFHAREN RS
A DL 5 U il 1 SR 5 HN-AD 3 F2 . Wang
5% & B, Acinetobacter sp. JQ1004 1] L)
it AN A F B S AL RCRE AT amoA KL R Rk
BRI HE A0 TR A A R Rl H R R A Ak
A, AHL 70 F9K3h 7 4w BLE R, hAEE
KRR TR E X Tk
YIRS A ) KRGy AR S MG FlR5Z
A IRANE, AT D A 2 WME 55+
#£ HN-AD " ThaE, DA P SEbr il A
P85, Huang ZPRFSE & B NH, N i 2:pR 2
1 Marinomonas. Marinobacterium, Halomonas
1 Cobetia i & & Z 8] i B [ /E T EK 30, T
Fh A7, HAREAY NH, N 2BRSCR AR E M
IR OL TR T . b T OREEE R I A MR
TETG KA R 58 th S IR 2 1) 2 2% T RE 42
DIRRAH TR TS Pk, 52 2% A A= ) 3 ok DA R L 4l TR
R TEE o R AR
43 AR

PrREOCR S, ALY A TR WAl
DL KA E B IR, 4 HN-AD A LA
TE R B R A 6] 20 S L Bt R . F BeER
LT B ) Klebsiella sp. y6 76 A4 K X5 mr L
SR A0 A SR e, EIR A AR R %+ COD
B F R = AT LAk #) 95.71%., Exiguobacterium
mexicanum SND-01 REM%7E S by i 5 B AR 16 R
7K R R ] B R A A AL, XF NHL N
COD By EBRFIRF] 27.9%F1 21.9%21, B Al L)
3 2k 380 2 KA 8 s B W) A T T R AR
e E IR, WE UBERREE (PO, -P) T AT
TEF KW o Yang 25P°V5) B ) Pseudomonas
sp. Y1 7] DIFE NH, -N ZBr ik 5] 92.04%[1) [F]
IR BRI LTCIE IR SR, AL PR AT A 99.98%,
hy [R) 25 W R S 1nl S Fn S5 FR i AL FE 4 B A SR T

Ab BRI 2% 15 Y T S R K R S B L B AL TR
LA

5 ZiE5RE

W EERESRE DT FLNAE =Y
JIT, XTHbEk RS RGN A B BB,
RV HN-AD &, H P& R Ak | BoR
) I8 0 338 1 ARk R ) ARG I 1 (o ARV R R
15 YR HLA RAT ) R RV T, SR E
FIIERIR HN-AD B8 098 i kb T2 4 B Bt
A A5 I F DG E 3 N5l

(1) HN-AD WA EZ 5T ESRGEA
TEAMEEMAEYZ —, (HEXEEIREE S
DR SEATI AL TSR B B . DRI, SATRABFSE
HN-AD [ 76 4 BR LRV 3 A5 285 2R 40 (AN 4
W RPE . TR AT 56) 19 20 A1 FRAE
DL R Z e, 0 i — IR SEARRI BREE
HN-AD B (1) L A LA S mepilil, DAL R B
HN-AD B #7521 A5 PR 5% AH OGP 1) 52 5 43+
Bt

(2) HAETE & ZFhifE kI HN-AD 14 ,
R e AT B Rk A2 AL ol AN BH BT . R e AT
e it — 2 45 2 U 2 T B s i T BR B
HN-AD B #4551 1l A0 8 A MLl A A 5
JE IR SCHE T RR I N | ARG A RO B il I
RS, DM I A3 KPR 8 A R A AL,
EAHRA R HN-AD H{EEVER MG IR h
MIVERA EEE X,

(3) R I X A e P ) U K SR A R K IR B
[PJRE, ATH T IRV PR EE HN-AD B 114 1 2 2%
HHER A, JUH S 5 HAN G TR 7 %
(e Al BRI S ) Y 255 S8, 9 HN-AD
TR 7E 6 1 PR YL A B T B 0 PR R 4 R
SCHE
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