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Denitrification characteristics and mechanism of a facultative
aerobic denitrifying halophilic bacterial strain Marinobacter sp. W-8

WANG Enxu', ZENG Yifan?, LI Zhenlun'’, YANG Yuran', LI Jiabing'

1 Chongqing Key Laboratory of Interface Process and Soil Health, College of Resources and Environment, Southwest
University, Chongqing, China
2 Hanhong College, Southwest University, Chongqing, China

Abstract: [Objective] To address the low denitrification efficiency in high-salinity, and high-
nitrate nitrogen wastewater, this study aimed to isolate and identify salt-tolerant denitrifying a
strain with high efficiency. And elucidate its underlying mechanisms for enhanced nitrogen
removal. [Methods] Morphological characterization and the analysis of its 16S rRNA gene
sequence were employed for strain identification. Denitrification performance of bacterial strains
was evaluated by measuring different forms of nitrogen. Exploring the mechanism of efficient
denitrification of bacterial strains through the RT-qPCR analysis and the measurement of electron
transport chain enzyme activity under low oxygen or low oxygen and low C/N ratio conditions.
[Results] A halotolerant, facultative aerobic denitrifying bacterium, named W-8, was isolated from
saline soil. The strain was identified as Marinobacter sp. This strain can perform denitrification
under both aerobic and anaerobic conditions, particularly demonstrating a significant denitrifying
activity under low-oxygen conditions (dissolved oxygen concentration<1.2 mg/L). After 48 h of
culture under static conditions, W-8 achieved the NO; -N (97.85 mg/L) removal efficiency of
95.56% and the total nitrogen removal efficiency of 87.63%. Under low dissolved oxygen, the
expression of narG and narl was significantly upregulated, and the activities of electron transport
chain complex I and II were enhanced, which promoted the efficient reduction of NOs . The
expression of norB was significantly upregulated, promoting the reduction of NO. Under low-
oxygen conditions, W-8 further improved the activity of the complex II under a low C/N ratio,
reducing carbon source requirements. Under anaerobic conditions, W-8 mainly metabolized
NO3 -N through denitrification, with a gaseous nitrogen production ratio of 87.63%. Under aerobic
conditions, this strain achieved nitrogen removal through denitrification combined with
assimilation. [Conclusion] Marinobacter sp. W-8 demonstrates exceptional salt tolerance and high-
efficiency denitrification. It can significantly reduce sludge production without the need for
aeration or strict anaerobic conditions and has a lower demand for carbon sources. It shows great
application potential and provides a theoretical and practical basis for efficient, low-cost
denitrification.

Keywords: facultative aerobic denitrification; denitrification performance; gene expression;
electronic transport chain

B A T 202 H AT AR A A BET5K ey WRERRR . AL 22550 . AR A5 3%
FEEAZ —, BARCER ., T2mRGER ., R R, BRI R, B

http://journals.im.ac.cn/actamicrocn



1814

WANG Enxu et al. | Acta Microbiologica Sinica, 2025, 65(4)

srEERE R Blan, WKIEHKIRH R G4
IR TR K AALER 5 (3%), LB E IR Eh
1 B BL(NO;™-N ¥ Ji =1 35 400-500 mg/L)™Y; A
WFI R AR S IR SR LR R OK & 2
TR 7, HAER R Ew K 3 e &, A
(NN R (EPOY = KNI S =/ AN = ISP 7 o A a8
o TR BE R TC ML R B S W IR O At B P A i
BB FEAER S M, DI A o
AIRE, H 2 FEMAEYEKIET, Ak
KA BE N, anfal 7 RAb B e 4 24 P 7K £ i
Sk i K A B TE I AT, C A R R,
WG AT ER B A Y, BOZ AL nER
YAk Py ARG g Eh B8 0, AT DA 3 el
R oK S P R I R S pldn,
NS e I T I A A = W e (= I Al N [
(Halomonas sp.) DN3 TE4f 5 5514 F 72 h N AT 58
EEBRAEA . HER, BEER 96.61%-100%
A, SR, HAEUR R R LLAR
e 3, I A AR AL HE RO SR R D
7 5L & (total nitrogen, TN)FY 14.23%-25.02%., it
i A R E AL TE Marinobacter sp. strain B108 3%
B A A R SRR ), AERIE AT,
24 h N X 102.86 mg/L 1) NO;-N 2 & # Ky
100%, TN EBE N 98.89%. SR, 1%k
KRR AE A5 N AT Rl A e g, H
B TR 6 340 I g5 2 T2 8 R [R) Ak i I ads 728 PN A 4 I
TS AL AL SRR A2 o TR 6 S5 i b s A A 0 1 I
JE VA AT 58 (Pannonibacter phragmitetus) F1 1]
i 52 5 18 7% B9 NaCl ¥R B, 78 feal 45 14 F %t
NO,™-N il NO;™-N 9 £ B #4351l ik 2] 99% F1
95%, (BT, TAEN 5d, Zb3RL
REGEI, FE¥5 K RS AL AL B VR A AR
BCAS o5 PR, DRI 3o 08 A I Atk L LL 1
TR R AR T ER DA, X AT R A B i s i
RE KB EEME.

>4 actamicro@im.ac.cn, 7 010-64807516

ABIFFE N g Rk BE 30 vh o) B AT — kI
PEUF A AL IE SRRtk W-8, Jr B AR A AL
Rtk B B RetE, JF R R I @ Ae; A
J RT-qPCR AR ERIT AL U A AR5 MF T Y
P i R A, [RIHIFFE L AEAR AR C/N
FAF TR TR ARG R T AR A, DU
W-8 T Bk 75 52 B 75 7 A B AP Ay 7 A 4 Bt 0
2%,

1 ARSI

1.1 #
1.1.1  #&EKiE

BE AR AP LR 4 AR T SRR
1)+ 4.

1.1.2 EHxRE

& 4 15 3% 2 (enrichment medium, EM, g/L):
Hi%HE 5.0, NaCl 60.0, KNO; 2.0, MgS0, 0.2,
KH,PO, 4.0, K,HPO,6.0, ¥ pH £ 7.2,

LB }i 5 i (g/L): BERER 5.0, WA A
10.0, NaCl 60.0, ¥ pH % 7.2.

TRET Ly 4 35 8 1k 1% 7 B (bromothymol blue
medium, BTB, g/L)!"*!; KNOs 1.00, KH,PO,1.00,
FeCl,-6H,0 0.05, CaCl,»7H,0 020, MgSOj+ 7H,0
1.00, &AM 4N 8.50, NaCl 60.00, BTB (1.5%
TRE BBy TIOK OB 1 mL, 38 pH 2 7.0,

S il Ak 1% 57 FE (denitrification medium, DM)
(gL, Z W2 4h 3.420, KNO;s 0.722, KH,PO,
1.500, Na,HPO,-12H,0 1.059, MgSO,+7H,0
0.100, NaCl 60.000, # pH % 7.0,

DL B35 FREITE 121 °CF K 30 min, %
WG H; FEARIEFRETIA 2% 3k
1.2 EMTEFIESEE

B S g HHEFESCA 100 mL EM £ 5k,
30°C, 150 r/min ¥53% 3 d J5, BUEFRWK 5 mL %
P2 100 mL BiiY EM BiRdtrp, g2t 3 d,
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HE 3K, W E LG IR TR B R
(107*-107"), &4 T BTB FEA |, 30 °CHi5%
2-3d. PRBUEEE TS WE R TR, B
() BTB V- # I ifF 47 %) £k 4 fb 15 3% o i i
NO;™-N 25 [ 2 A iy 1Y T bk W-8 1R Sl A A 5% %)
%, I HARAE T 30% H il i (-80 °C .
-20 °C). fifi HHEH B 7 BB (kU a4t B Szl
VERT) FIOGA7 8 1UBE (B PR BRI AN A PR 54T
NEDHATIE WSS . FIH PCR 93 B IH 75 1Y
16S rRNA JEH 7], 51 4TE 16S rRNA
54 27F (5'-AGTTTGATCMTGGCTCAG-
3" ) F1 1492R (5'-GGTTACCTTGTTACGACTT-
3"). PCR Mt AR A YR A A PR v 5
A LS FE T BLAST RIJEPER R LT, JIf
AL % NCBI B

1.3 AMREF C/N L3 E#k W-8 & FH
Gd:05A0

SRR E, Wk W-8 1Y iE 4f
AR LSRN IR, 8
6%, pH 7.0-8.0, & J&F 30 °C. 7r ULl I,
PR IT U i SR C/N HE X B MR W-8 il b 1Y 52
M, KRR T LB B R AL 5 3R 36 h YR A K
AR BB 1% my P i 22 R0 T DM 85 97 A
o, TEA A A SN (R . 0. 50, 100,
150 r/min), 30 °CiEZEH7FE 48 h, 4 12 h &
B 3% W M ODeo. pH. ¥ f% %A (dissolved
oxygen, DO). TN. & .[» & % (centrifugal total
nitrogen, CTN), NO; -N., NO,-N,. NH,"-N .
NH,OH ¥ ¥ .

PR T 1% TR WA F T A [F C/N
FerY) DM K3 krp, 435004 0 r/min (C/N F
0. 2. 4, 6. 8, 10)8% 150 r/min (C/N bl 5.
10, 15, 20, 25T, 30 °ClHR&E LR 7%,
WI7E 0 h F1 48 h Hi FR WA ODgyo. TN, CTN,
NO;™-N, NO,-N, NH,"-N

1.4 BHEHRBREXREMEE. BFEiE
HEEEME R R E S

AT 1% BYRBIHER T DM B3R5k
B, RBIE 0 t/min A1 150 r/min 254 F, 30 °C
fH IR 3% 22 15 57 48 h, 12 h P K5 95 W
OD¢. pH. TN. CTIN. NO;-N. NO,-N.
NH4'-N. NH,OH . TRk W-8 1R Ak
PERE, IR AR, A . KA
AR I 2% SCR[15]. 78 12, 24,
36 h B MG Gt b W HE AT 40 M mE, R
GO84F24 5 & (I M B8 A YRk A PR 7))
MEEAw T I, TRV TEYE
1.5 REMFEEHTEHRRENLI
BERE K FEHh

AR TR 1% (R B 270 2 DM 5 5%
e, 239 LL 0 r/min A1 150 r/min £5 14 F 5 3%
2K (ODgoo 2174 0.60), K H B518655
RG24 T A TRE () BEO AT BRZA 7 14 EL
itk W-8 B RNA, JH 9PIA280 7 £ (Promega
S EN AT R SR AS B AR cDNA. X iR £k
I8 J5 i (nitrate reductase, NAR) ., VAR £ 4 [ i
(nitrite reductase, NIR), — & 1k & b J5 i (nitric
oxide reductase, NOR) . “&fk V. & if J& i (nitrous
oxide reductase, NOS) ] i 15 3 (K narG . narl.
nirS. norBC Fl nosZ 43 3|17 RT-qPCR §" 44 ,
il 2722 O PR AT AR AR FENST, 1L 16S rRNA
SIS I, 51970 1,
1.6 A

K ODgoo M€ TR FE ;{1 pHS-3E (|1
I sk 1 R S AT BR 23 i RV pHL i I 5
VA AN (i R R Sl A BRZA /DI DO
ANV RE A5 1) 5 i 2 08 ORI R K W 43
Bror k) & 4 U7 TN FI CIN, NO;-N,
NO, -N. NHy"-N F3 771l >R FBdP aoh 7 158 B0 00 i 25
MRS | RAMOLETL | N-(1-555)-&4
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#1 RT-qPCR3|#%55%

Table 1 RT-qPCR primer sequences list

FEP# R BiL/s2])

Gene symbol Primer sequences (5'—3)

narG F-GCCCTGATTGTACTGTTTGTCG
R-ATCACCAGTACACCGACGTG

narl F-TTATACAAGCGCGCCGAAAC
R-TAGCGAGGTAGCGGTACATTTC

nirS F-AAGCGCGTTCTGTTGAAACC
R-CGATGATTTTCTTCGGCTCCAG

norB F-GCATTCTTCGTCCTGTTGTTCC
R-GTTGTTCTCCCACAGGTGTTTG

norC1 F-TTTCTGGTGGCTGAACATCG
R-TGCAGTATGTCGCTTTGCAG

norC2 F-TGGTTTGTGGTTCACCTGTG

R-TGGCAATGATCACGTACAGC

noszZ F-TTGCCGATGCCATCAAACAC
R-AAGAACCACCAGCCATTTGC

F-TCTCGCTTACCAAACCACCTAC
R-TACCCATGAGGCTTGACGTTAC

16S rRNA

TG el s b E . NH.0OH & =
K FH L 122 4 At - A A 20 Wb 43 16 )16 B 1 il 5 32k )
SEU8 SR SPSS 25.0 ZR R HECE#EAT 4307 -

2 ZEREH®

2.1 BEHFESEE

WA SEREA TR AR B 19 BRAENS 7E i Eh 5 A
AP AR BB MR, H I RO A A 0 TR A
i W-8. W-8 7€ LB ‘P F 27, FIE. F
B R R E B ARIESNATIR, E
#02-03 pm, KJ¥ 2.0-3.0 pm. #ik W-8
16S tRNA % [H ¥ 4] ) GenBank % 5% 5 A
PQ386400. B W-8 5 i ¥ M A &
(Marinobacter sp.) AL e 151 (99.86%), PRIt
e E W-8 W M@ T Marinobacter J& , v %N
Marinobacter sp. W-8. i 1 8 5% A [q] £ B XF
W-8 R A AL sZ ), BB W-8 R BETE JC NaCl
() DM rpA K, EREERANE, HAEIREE 12% i}

>4 actamicro@im.ac.cn, 7 010-64807516

nfAAEA, H R ARE B E A 3%-9% (B s
KRR,
22 ABREF CON X E %k W-8 Kk E

a0 A
2.2.1 RESNTEN W-8 RIS

TR FH DR S0 A48 DR e 38 A0 s PR AL - i 4L 8 57
M, IR R A B R W8 S Tkt BE
IsER, S5 1 s, ERARMT, W-8
KIHPCR M R AH LA HE, 48 h N NOs™-N [y
BRR 5K 97.00%, TN Al CTN ()25 5555 0
91.44% F1 96.52%. AA:ME] NO,-N Fl NH,-N
AR B, (ARSI S et F2 12 (0.03 mg/L) . FEV
A ERAK(0.1-1.2 mg/L, #3# 0-50 r/min)if,
A W-8 A K ZZ 18, (B RAHAACR B L T4
ZAF, TN Fl CTN MY ERFI 5T 80%. [Ait
1 AR H R 2] NO,™-N (0.01 mg/L 1 3.49 mg/L)
FE FE(0.04 mg/L 1 0.05 mg/L), 1E i 48
WA (1.8-2.5 mg/L, %55 100-150 r/min)H,
JUE MR AE K RYL, ODgoo it F 0.80, {HIH:
R ACVE B A, TN B9 & BR300 51 oy
27.19% H1 43.48% (NH,-N FIE e K 2R .
WA I NG sE T W-8 AYIRIALVE T, H8 55
TIRAEAVER . SR, WA W-8 AL 1)
M IEARLE P, W-8 7E 150 r/min %5 7 N Y S Al
1 BE J1 48 F 100 r/min,  HE 0 76 0 v 5
W-8 (AR KRBT 3G, B TRaE AT B K WS
[l Ak VR R 55, 35 I 0l B 1 X6 B il A A A 1Y
il

W-8 7 DR AR sl AR A 25 T R 3Gk A T I A
MR, DX AL S0 0 IR AR AL TR, W-8 A
W BT B DA iR T RO AR, R
T B W5 v S SR AL T L R AR PR B v AR
RO RS . Bl an, TR JE W kR Marinobacter
hydrocarbonoclasticus RAD-2 1£ & & 1 & T
NO;™-N EBRBEEN 54.41%, MiEFEHE 100 r/min
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Figure 1
A1 150 r/min Bf NO;™-N 25 [ %% K 43 %1 ik 2
92.02% F1 97.70%", BLAk, W-8 FEARESLAF T
HEAT A AR JE A B A= R b o i, TRAR
J AL B M Marinobacter hydrocarbonoclasticus
NY-4 RS F 48 h, NO;-N gliblgiiigfe, H/E
KR, A9k 25 4x10° 4~/mL (ODgoo 2
0.50)%1, W-8 KA KT # 48 h 5, ODgoo 1L N
0.09, FHERIFE 48 h ZJ5 ODgoo M 0.19, LT
NY-4., [HIt, Hkk W-8 78 52FR75 K AL bR T
BRSO B R E AN, H5 R A AR,
[ ATE R TEAY S Vi TR ] 8
2.2.2 C/N Ebxt W-8 RAEL AR

C/N L2 52 A W) I A G R, AN ]

t/h

Effects of dissolved oxygen on the denitrification performance of W-8.

C/N HEXT W-8 14 A TR 0 R 2 il A it A 1) 52 il
E 2 s, EARE AR, B2 AR,
W-8 LR IEH A KA, R W-8 HAEHFRH .
MOCN 2 B, W-8 AERKHURIIE, 48h )5
ODgoo H 0.12 BRI, BEHT W-8 FIHH AR5 ) i
fifkie )1, NOy™-N ZBR#FHN 91.76%, TN Kbk
ik 82.42%, A 2.66 mg/L K] NO, -N L&, 4
C/N HsE 3] 4 1, W-8 BR LBRRIA 5,
48 h J& NO3-N JL 584 LBREEARME 1.80 mg/L),
TN B %N 88.97%, H.JG NO,-N Fl NH,"-N
AR R . BlE A LR ARS8 i, W-8 [t
R FMTHE, HJNO,-N Al NH-N /Yy
BE,
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A ==TN == NO N ==NH,-N B m=TN == NO,-N ==NH"N
== (CTN == NO,-N ¢ OD600 == (CTN == NO,/-N ¢ OD600
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2 80 J0.20 = g0} o g
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3 3
§ 20 J0.05 § 20 792
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C/N ratio C/N ratio
E2 C/NEEXTW-8 & F§ 1L AN

Figure 2 Effect of C/N ratio on the denitrification performance of W-8. A: 0 r/min; B: 150 r/min.

AR, 24 ON AT 5 B, W-8
R R 3 2 . Bl A HLBR JE B,
AL W-8 WA LR F W EHR S X ON I
10 1), W-8 1 NO;-N. TN Fl CTN 5%
3k F] 90.11% . 64.66% H1 87.23%, 4 C/N
LR T 10 J5, W-8 MM ASCR Rk — L4 7+,
H 34 CO/N ik #) 25 B, W-8 [ ODgoo 1H K I
TRE0.42), RIEAMCRBIZ TR, CN I
A 3 5 ) F A% 2 R T A O T S IR R A%
R FEME CON HAMET, M Toik 4015 L 5 g
i, S EUC I RS M A R EE A ON
AT L4 i NADH Fil ATP /KF-, 5458 i 1%
HARGNEYE . SR, KRSt E ON R, R
& NADH I ATP ¥ BE 3G hn, S 6 Ak AH 5C il Al
H, % o 4 R O i 05 PR T AN SRR,
ifi A e S A s gk P skiEm A
094 MR ik A Nar, Nir 5530 25 H , 5
M) il A 5 1, BRI RS AR VR T kA 7Y, 5IR
AN AL TE ¥k Marinobacter sp. B3 AP, 7E
C/N Ll 5 BF, B3 AMUAKAZENME, BA
RO BAR (TN 2 BR R 2 30%), &7 4T
NO,-N 1 NH,-N [ FUE ; 124 C/N ok 10
o 15 B, B3 PREiAK, BARCEES . ML
ZF, W-8 TEIA AT, HEAAEWRIE, 7

P4 actamicro@im.ac.cn, 7% 010-64807516

AR C/N LA N BE S B S i /L, 725
B 75 K Ak B 2R iR i A s R, AT T
4 N
2.3 Bk W-8 IR EL AR Bt RE

DL NO;™-N SWiE—%URRE, W-8 (1 & fE
WE 3 iR, 7E 0 t/min 58 T, W-8 4 K 2818
(48 h J§ ODgyo J9 0.19), {HX} NOs™-N 1y 4 fE
IR, NOs™-N. TN Hl CTN (12557351 K
96.55%. 87.64% F1 95.95%. NO,-N 7F 24 h i
INF B R B 422 mg/L, BEE#EE2EH
[FIFF, 24 h Jo kel ) e e, 48 h Rk ik
0.04 mg/L, 7EAFHESMFT, W-8 BEEIER A1,
12 h JE#E AR, 36 h )5 ODgoo i5 2K
{H 0.87, BH/SAHEIFMGAET. . A, NO;-N,
TN I CTN [ EBRFST51H 96.12% . 49.52% Fil
88.47%. NO, -N M 24 h JFFUAFLE, 48 h J51/hRE
R 2] o X AT R BT AR EA R R A T A R
ER VR T A TE MR, NO, =N R AR 41 1 2
BEEEEM, AR LB, 7T REM il 5 bk
WIS AR, [RIREHD, 24 h 5 R %
FefAER, 2 48 h JE RIS 0.09 mg/L, 2k
M E] 1.59 mg/L B NH,-N, b FEARIET- R
R o HEMAE DR A, W-8 238 & A
FEAE FH 22 B K AR v B NOS™-N, - Rl Ak AR A 55
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Figure 3 Denitrification performance of strain W-8. A: 0 r/min; B: 150 r/min.

MAEESASE T, W-8 3 1 S Al Ak Fal 4k 3 [A]
YERIKZ:BR NOs™-N,

FHECEMFE BT L NOs™-N g — &I 4%
PFF AR W-8 Rk . Nk 2 s, #E
WA T, 38.99% B NO5™-N 4646 R 4 il %,
49.53% AL RERA . TEIRAZRMUT, 87.63%
) NO;™-N B4 A, 1A 8.26% Hft
MR, RS & T aac . 45 R0,
FEAAS M T AR W-8 38 i S a4k A el 4k 2 )
TERRARH NOs™-N; MAERE &AM T, Wtk
W-8 FE o KA A F 2 BR K AR ) NOs™-N,
FAEAE eSS . X5 2 AT HED — . W-8 7F
SEPR i ER K AL BE R RE RS AT R S BR CHLAL, T
HAEPRE AL T Al o k5 e - i, B
B8 7 FH I 5% o

R2 EHRW-8RIEICHRFE S
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Table 2 Nitrogen balance analysis of strain W-8 with different nitrogen sources

AT AR WL St I a &S BB R KRR
Dissolved  Nitrogen Concentration (mg/L) Denitrification ~ Assimilation Centrifugal total
oxygen source B A SEEEA A removal efficiency nitrogenremoval
conditions Centrifugal Gaseous Cell nitrogen ~ efficiency (%) (%) rate (%)

total nitrogen  nitrogen
4R NO;-N 11.97+1.81 51.63£8.99  40.65+7.13 49.53 38.99 88.52
Aerobic
R4 NO;™-N 4.18+1.75 89.14+2.79 8.40+3.06  87.63 8.26 95.89
Anaerobic
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Figure 4 Denitrification functional genes. A: Nitrogen metabolism pathways of W-8; B: Expression of W-8

denitrification genes under low dissolved oxygen conditions.
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Figure 5 Effect of dissolved oxygen or C/N ratio on W-8 denitrification respiratory chain.
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