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An anoxygenic phototrophic bacterium Cereibacter azotoformans
with simultaneous denitrifying and polyphosphate-accumulating
capabilities and its molecular regulation mechanism

WANG Shilong, LIU Shuliang, ZHOU Bo, XING Xianchun, QI Zhengliang*, LIU Xinli

Shandong Provincial Key Laboratory of Biosensing and Microbial Intelligent Metabolic Regulation, Qilu University of
Technology (Shandong Academy of Sciences), Jinan, Shandong, China

Abstract: Cereibacter azotoformans has been widely applied in the water quality regulation and
disease prevention of aquaculture owing to its efficient nitrogen and phosphorus removal capacity
as well as its probiotic effects on aquatic animals. However, whether this bacterium possesses both
capabilities of denitrification and polyphosphate accumulation (DPA) remains unclear. [Objective]
To identify the DPA phenotype of C. azotoformans and to elucidate its underlying molecular
regulation mechanism. [Methods] Using the C. azotoformans strain ATCC 17025 as a model, we
first examined its metabolic characteristics under DPA-inducing conditions to determine the
presence of a DPA phenotype. Subsequently, gene deletion, DNA affinity purification sequencing
(DAP-seq), and physiological and biochemical analyses were employed to systematically
investigate the regulatory role of the NtrX/Y two-component system in DPA of the model strain.
[Results] The C. azotoformans strain exhibited a typical DPA phenotype: releasing phosphate
during the anaerobic stage and excessively absorbing phosphate in synergy with denitrification
during the anoxic stage. At the end of the experiment, the nitrate degradation rate reached 95%, and
the phosphate removal rate exceeded 90%. The deletion of n#rY resulted in the loss of the DPA
phenotype. Particularly, the environmental phosphate concentration continuously increased rather
than decreased, and the peak synthesis of intracellular polyhydroxyalkanoates (PHAs) was
significantly impaired compared with that of the wild type (0.11 mg/mL). DAP-seq analysis
revealed that NtrX directly targeted key denitrification genes (nirK and norB/C) as well as the
PHAs synthesis gene phaC, thereby coordinately regulating denitrification and polyphosphate
metabolism. [Conclusion] This study demonstrates that the anoxygenic phototrophic bacterium
C. azotoformans possesses excellent DPA capabilities, and it reveals a central regulatory role of the
NtrX/Y two-component system in this process. These findings offer a new theoretical basis for the
development of microbial resources for simultaneous nitrogen and phosphorus removal.

Keywords: Cereibacter azotoformans; denitrification and polyphosphate accumulation; two-component
system; molecular regulation mechanism
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BN, RS YRR B RS R Bk, FE YOO AR T AR S T I RS K A
SR BERAN ;s s A st B KR IR B TS K AL B A A% O B AR TR TR

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



Tty % | BEeEdR, 2026, 66(10)

5095

A BESYAT, ARGHRPET BRSSP
R R BR A, 15 7K b i SR Ak B il i R
R A AR BT AL B ST) R A TSR
% A= ¥ (denitrifying polyphosphate-accumulating
organisms, DPAOs)I) &3, {75 7K Ab Bt v s
i A 55 B 8 14 ) 25 52 B AR 7T BEM. K DPAOSs
I TG KA B EAT B E L AT S — ik
P>, DN K R AR 1 o A LR T8 174 75 2R B
[, Zad BRI A -BE RA T sl Jow A
SMIESR, TR AR AT AR R, T
DPAOs (142 7K [i) 2 [t 28 Bl B A AT Bl — Fif
B RCH TR IR TS K IR PR

H i, DPAOs & % 7 85 H fix B i 14 &
(Pseudomonas) . % X & J& (Thauera) 1 W 7K <,
B & (Aderomonas) V5, T AE A PR AL S
4fl 14 (anoxygenic phototrophic bacteria, APB)H i
KA DPAOs 1YHIA . [H AN AT I8 (Cereibacter
azotoformans) J& T B AL AN H , 5 KEGG
508 P Xt [ U € FF 1 ATCC 17025 3L R4y
IR TERE, AR ZH N BLAT 58 8 H s HE A
AN 7 800 A M T 58 2 B DRI, A0 465 4 A 016
SO puf B pub BT DTG RL
G puc BN LU RS 5 AR MR A
beh FEPE , T SE U AT B8 A 7 A0S
A (APB)™ . B, WS B 7R ST [ AU
0 FF T 2 A5 B A W) 25 B i A 3R W (denitrifying
polyphosphate-accumulating, DPA)RE 77 . A 5%
BT A it — 0¥ 2 DPAOs 1) il A= ) % 5
e, DN A K 7 FR B 5 7K B A A B AR T —
TR TS TE D RE I

WLEH 43 2 4t (two-component system, TCS))™
ZAFTE T AT, 2 V5 20 40 0 R PR 58 728 1k
It )3 BhAH A SR (A0 52 A A A ) ) G B 3
FEor IO LR TCS H RN Y 2H 2R 4
(histidine kinase, HK) 1 i i ## 7 25 [ (response
regulator, RR)F . HK (175 Pk S HAR AL 7 1] e
JE RR BYBERR ALK, 2 1 4 00 5 PR e 3¢ 0
M NuX/Y WU 53 5 5t fi o 25088 [ AU R

" (Azorhizobium caulinodans) gk ke, bE A
WAL Z R A bz o A O B 2R
AT el man, fF 5 IR E (Herbaspirillum
seropedicae) ™, NuX/Y RHZ 5hlR LA )AL
WU FESEIRLT AR (Rhodobacter capsulatus)
e, ZRGEAAORERAS, EHDLEER
JIF 585 14 6 B T 4 1) AR TR 2 i3
WFFECAESE NrX/Y F2 48 n] 48 [ S0 (4T 1 Y
Pttt #e, (HIZAU 7 ZELRER A 2 H: DPA
BT e W

AW 5E F 2 H B2 B B NeaeX/Y S5 250
145 [ U €2 FF B ATCC 17025 B Bk DPA {5
Aoy AL . B e, Bk A AU T R
A7 DPA A, HUKHH NuX/Y 580 b A
W5 (L FF 1A DPA RE ) 2 BAT 4/ s e
il b, SRR ERAEROAR | AR A1 B LA
J2 DNA ZE R4l 4Ll Fy (DNA affinity purification
sequencing, DAP-seq) 55 43 A fift A H 8 2= AL .
AFTEAT BRI AT IR 8 APB TR PR AE/K 7= IR E
JE 7K Ak B PP 2 I SR ) 20 2 B 1 IO FH B3 72 HE
HEAih

1 MRE5rZE

1.1 Ek. IEFEREREN

[ U (T T8 ATCC 17025 T bk K HAR R 28
AERRAZERN T NHI 53828, T30 °C. 200 r/min
AR R 12 h AR PR A g Bl A
A TR PR B TR A B LR 1. Rl Fofil 2 ik anr
A % e A Bk B — 2R [ U B AT B ATCC
17025 B &, 75 NH1 [E{RE 73 Rl 24 2 4h
B, AR E S BT 30 °CIE IR B 3540 T s 9%
I LLL (o PR 75 (24 d). Bl PRECEAAS T 7%
FERDT NH1 iR gR 5, T 30°C. 200 t/min
ZM TR TR, HEW I ODsoo>1.0 GHH N
1-2d), YENFPFREW. HMar, B EwT
6 000xg .0 10 min, 7 % J5 H 5 & 2 8K
0.85% P JCER A= FER /K Ak . 76 [ 20 C AT FRT 28
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Table 1  Strains and plasmids used in this study

Strains and plasmids Description

Resource

Wild-type (WT)

AntrY ntrY markerless deletion mutant

WT/op WT harboring pPBBRIMCS-2

AntrY/ntrY AntrY harboring pBBRIMCS-2::ntrY

pBBRIMCS-2 Ori pBBRI, lacZa, Km', used for gene overexpression

Cereibacter azotoformans ATCC 17025

Lab preservation
Lab preservation
Lab preservation
Lab preservation

Lab preservation

R P TR EIMARRE R, HAWEEN
25 ug/mL,

1.2 EREeTREESKSKIHNRE
B A

K FH PR 1 Bt (DR AR/ 40 K5 73 SR I IS ] 280
AP ATCC 17025 1) DPA R, SCu6s:
BIA s, DRERT B : Ny 7855 8 40 5 b 2%
Y i 4 (dissolved oxygen, DO), BifiJ5 %5 & 2
HLDUEE N, A, IR EE R 5L s i S (R
e 22)<0.2 mg/L. SR BL: AATFIe LA iF
23S I TR P HE SR AT R R U A
AYERFFE 0.2-0.7 mg/L.

RN T A 5 KRG R 367 e Lk mros ),
Hrfr, JoK MR . NHsCI/KNO; F1 KoHPO, 43
BUBLELE K H R . RS YY) . AntrYy 878
PRAE A 2k Bl S e — R 9 25 1 N AR K AT
R 1% 5% AntrY BPKF NHCL R ok 45 &0 B e
(ntrY SIS A 20 i T 7R A L/ NHLCL, 75 DK
e EEAR),

IRAE B Be 3 . BUARFR A5 10% Ff 7 1R 2
FhF 800 mL A T- A iii5 /K 5 5 3 v (L W 4% T
YEMFR 1000 mL), 30 °CH555 48 h., H4E rBetie
PE: MREFRWH A KNOs, i H 20k i 15 3|
30 mg/L, k& 30 °CHE3: 60 ho FEFeidfi,
12 h BUFE 10 mL, 8 000 r/min &5.0> 5 min, ¥
RIS B ATk —20 °CIRAF & . [RIRs, A4 st
K ERE 12 h BHR/12 h SBEGHEIR, SR 4k
LED (T4, SEREGREEHI7E 5 000-6 000 Ix.
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1.3 EMERESH

M KEGG #(¥z % (https://www.genome. jp/kegg/)
Hh R B LS @ FF B ATCC 17025 1) NurB,
NtrC, NtrY FIl NuX 25K 75 . FIH] SMART
PRS- 5 ¥ 3ol B5 4 J2E (https://smart.embl.de/) X} | iA
A Y 32 B S R - e £ - BRI (helix-turn-
helix, HTH) % 5 #17% %2 . R FH Predict Protein
UG JE (https://predictprotein.org/) T NtrY A9 #5
55 4 A4, [ B A A SWISS-MODEL % ¥ %
(https://swissmodel. expasy. org/interactive) X & H
J = A5 AT B . NerX 9 8l R Ak 67 5 M
NtrY (42 PRYE I E 1 Pfam $4(InterPro)iff 1T
S
1.4 RNA EBUR LR EEE SR
PCR (RT-qPCR)

T8 B B, T2k E i ) sl ATCC
17025 B A, il 6 000 t/min B> 10 min 25Fk
LWIE, T80 °CRRfF& M. SR TRIzol TAHRHR
PR B RNA, F-fif H First cDNA Synthesis Kit
(b5 B B AR Y BORA RS R)) SO s B il
cDNA ., 5GE R %5555 PCR (reverse transcription
quantitative PCR, RT-qPCR) JZ W /& % : cDNA &
#2 1.0 uL, 2xSuperReal PreMix Plus 5.0 uL, 1E .
S5 #)(10 umol/L)4% 0.4 uL, ddH,0 #b7eik &
£ 10.0 pL. RE A5 IS 50 5E & PCR
{¥ (ThermoFisher Scientific 2% &))#EF 7R . § 484
ZAF: 95°C 15 min; 95°C 10s, 60°C30s, #t
40 MEFR, DL 16S rRNA K Ry NS, Xt
AN TR i Ta] ) 5 PR 3 38 K P R AT A A b 3L
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0
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Denitrifying polyphosphate-accumulating process of Cereibacter azotoformans. A: Physical diagram

of the culture experimental apparatus; B: Changes in the concentrations of various indicators during anaerobic

and anoxic cultivation processes (DO was <0.2 mg/L during anaerobic stage and was maintained among

0.2-0.7 mg/L during anoxic stage); C: Fluorescence microscope image of intracellular poly-P.

HARB Y5 W3 2, it 274y e Bt it
FFAERTRE 5307 o
1.5 DNA FEMZELNF

DNA ZE 1ALl J7(DNA affinity purification
sequencing, DAP-seq)&—FH T sk H 5
DNA HHEAE SRR . 5 905 e LT
JEI 7 (chromatin immunoprecipitation sequencing,
ChIP-seq) A L, 1% 7 15 T il % e sk N 145 5+
BRI, DAP-seq AR R T : 1k,
PEHE I O FF B ATCC 17025 (5L 41 DNA,

%2 FTFRT-qPCRAISIH
Table 2 Primers used for RT-qPCR

Primer names
16S-F AGAGTTTGATCCTGGCTCAG

Primer sequences (5'—3’)

16S-R TACGGCTACCTTGTTACGACTT
ntrY-F CTTTGACGATGTGACCGATCT
ntrY-R GTCAGCGGGTTCTTGATCTC
ntrX-F GCTCGAGAAGGTCACGAAAT
ntrX-R CCCGAGTTGGAATGGATGAA

JFREE NurX Rk gk ok, XF&B4r 3 K 41
DNA JE7 F BEACAC R, 38 3o B b 1 H 9k 7
P& 100-500 bp F B, FHEEEFMTFSCEE; Kol
B NuX 25 5 DNA SCEERAMNET, FIH
WEER R e B R S NuaX E 45405 DNA H
Bt ®a, BUEEIRE DNA R BY(DAP-seq X
FEYPEAT I . T MLECHE X &= ATCC
17025 2% AN, R MACS2 #1714
LR L1 455 18 (peak calling)il 5], FF4]H MEME
Suite T H A0 17 4% 0> 45 4 L JF (motif) 4 15 )
SIATL,
1.6 MpENZRBIRE KR B REEIER
BRI 2E

IR S I 1 FEAY 48, 72, 96 h HUEF A= &Y
(WT)FI AntrY AR B R4S 1.5 mL, FELT
4°C, 10 000 r/min &[> 15 min, & Fig. ¥
BARTILVE T 1.0 mL 20 mmol/L HEPES 2% ift
WEH 7.00 P iR iEELE G, HIRT 4°C.
10 000 r/min Z5.0> 15 min"®, F2 Fig. MEH
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HAADIIEEE T 1.0 mL HEPES ZZ b rh . B
0.3 mL HEWRMA 1.5 mL B0, A 0.1 mL
100 pmol/L DAPLIFH!", A MIERAIG, T
RO & T BEE 10 ming FESE T 4 °C .
10 000 r/min #.0» 3 min, 7% FIEPY. BEANT
UE ] HEPES ZZ ol b 1 Wk, JFEET 1.0 mL
HEPES ZZ thi 7. B 10 uL =2 0 I T 48 3%
AL, IAFHG, 752868 MU T H
100x 7MY BE A 10x HBEdE1 T 088 . Dk 488 nm
R K, 7E 500-560 nm i By R AR G A 0T
155, T #HF DAPL-Z BRI 2 S WDt
s R

Je W 21 n] P op s 2R AN, SEERAR i
2 BIFAR NI BR G (polyhydroxyalkanoates, PHAS)
PRGN , e 0 5 A0 22 G B 5 PHAS
TR IEAC O R, DL 3R A i 5 e
e LW, ZMRE N 80 pg/mL, H T
RYefa,, 7E 0, 24, 48, 72, 96 h BUE B H K ,
12 000 r/min .0 5 min WAEREEKILRE, JFEd
W lie PR DA Ak B, W A B 1) 0 400 i 28
WHEA ODg0o=0.8 Fifif 1] 1.0 mL B A
50 uL e F g, M E 30 min LLSEAL
Yefn; Yt ZE9 5, T 12 000 r/min 20> 5 min,
FE B, EARTITE LAk ORI VRS 1K,
AR EET 1.0 mL ik, 26, B
200 puL FEEF I ERINA 96 FLAH, FEAMFE 5
WEANDTF 2 ANEESL, RAZOCHHMUE TR
W, WK N 535 nm, KSR R 595 nm.
W5 PHASs FRifE 2%t He 3 RE 5 Y PHAS

g,
1.7 E£¥=. BRARRBIBUISIRNE &
AR

g0 ff % BE SR UV2300 10 43 )% O B it
(Techcomp A F)FE 600 nm I 4 T M & (ODgoo) -
i g+ (dry cell weight, DCW) 5 W 56 & (1) 56
Z N : 1 ODgyo X1 0.40 g DCW/L, Fl 2 £h A
(NO5™-N) R H 48 41 43 06 0l B 3 7 (43 ) #E
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220 nm H1 275 nm Zb I WO RE); AR £h A
(NO, -N)2K I N-(1-%53%)- & e 43 ' B i)
FE o LIRFEARAI A BARERAE 2D IR S BESCHR[15].
BEFR (PO, -P) R F B - AR R L (a2 . 4G
MRT, FrA RS LL 10 000 r/min 2.0 10 min,
BT B8 20 B 248 ) SAS Ver 8.01 #1:(SAS 24
A, GPRDIEAREZRIE AR

2 X534

21 ERtEeTEESAANELSRHE
LB G R E

WK 1B s, SEEnd R AR R (NOs-N).,
WA R ER(NO, -N) RIS IR R (PO -P) Ay Mk E AR 1k
76 LA DPA fUIRAIE . HAACk UG, TRAE Y
B8 AU AT R — 2 B B RR AR, T
Wi PO P VR IE TR RS, FEBLE B
PO -P P FREAYBL S, X JE 2 RukRR ik
(poly-P)it AL B T8, 4 PO, -P LBR%H
1t 90%. R 4E B BE T 4R B I AR AR £k, HEl
NO;™-N ¥ B s T [, B S50 25 3096 h) I
£<1.0 mg/L, [FIBf, SE8 R f NO,™-N W &
FAE TR S TR, AR E<0.2 mg/L, i
Mg £k 2B R IR 5 95%, X PP AR IATETE K IR
Bl A A B P A SRy i DL, 3 R 2 T A FE ) A
B SRS AR B B RE T RS T S, bAh, i
12 W AMCEE LSS 2 4 B 40 L N DAPI-poly-P 1%
PG AU 2K 10), UESE T B M Be i i
%47 poly-P.,

DPAOs KBV A . BRI BRAEK - 5256 T
AKARER R Ry PR P, B IR R, K
2 DPAOs J& TR @ (Pseudomonas). ‘ZRKIG
& (Thauera) F1Wg 7K S i 5 (Aeromonas)'",
IR T3X 3 4@ 5> DPAOs B RE AT AE XS
TR S5 5 W AR TR ) O XU o AR 5 IE
S, U T TR AT LR DPA RRAE ., [RIET
X e P TR B APB 1E/K P I 5 HAT £ Fh
F i ife, AT4ERe KB msle F . Bk, [
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RIE R IE ATCC 17025 VE A HEVEK 7= F 5 R K
AbFE T DPA Ab PR WS AR AR, R I 5
(N FHE 1 54 4k
2.2 NurY RTHFIE R s &M E R EE
Bui

20 A 30 o 22 AR A s ML 5 I R B AR A
Horr, XU 43 2R GE(TCS) A2 40 F PR g 1 4 55 3]
W EEALE . BFRRI, WS RS NaX/Y
AR Z R A B 0 RO A R . BN, 2
SENUX/Y R G0 B A0 CFF I ATCC 17025
E A ROMAAR T, %5 T 7E DPAOs H S fil§
IR BEACHI S IR, AR T —1 &

A

BRI NuX/Y FRG0E A4 B A0 AT
(X R ] A a2

R X — M) A, ASBIF 5T X6 A= A WT Fil
ntrY FER BRI Aner Y)EA T T DPA RESIIL. A%
WFFE I T iHAREE(NO;™-N) . AN R ER(NO,™-N)
R ER (PO P M BE AL (& 2). 25 L R
AntrY 5 WT Z RIfFAE 8 %225 . T PO P
R . ATCC 17025 WT I bk 78 Bt & By B R
WP IR IR R B R, (HXF TR T AntrY
FAREYSCIR AL, FEBE B BE POS P REEIER T
W%, st ETH(E 2A), RHRG norY 540
A poly-P A UIfig B & Z . LT NOs-N if

Anaerobic Anoxic Anaerobic Anoxic Anaerobic Anoxic
30 - NO;-N adding., 30 ; 4.0 ;
T NO,™-N adding ! 35k oo
~25F _25F ~i_* <2 NO;-N adding
3 2 Nhg_w  dsor = ”
@90 f & 20| N B -
£ £ \{ §125 '
‘6;15- 2 15F z 207 i *,/ \}
gr 10 CZ§ 10 —v-AntrY g :(5) )
T 5l T 5L WT N TS :
ol e 0-o—9o—9—» e 0.0 I
0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96
t/h t/h t/h
D Anaerobic Anoxic E Anaerobic Anoxic
07 NO-N adding |~ Antr¥intr¥ 257 NO;-Nadding, o pyymery
_asp T L e wiep ~ 20} - Whlep
2 ~ 2
o Y on
£ E 15¢
Zz 15 &
5 i 2 10f
e 10+ \\ 8
S sl ; S 51
= L L L I L L N L
001224364860728496 0 12 24 36 48 60 72 84 96

t/h

B2 nerYERERZTXE RS ETEDPAR SIS G

Figure 2

t/h

The effect of n#rY mutation on the denitrifying polyphosphate-accumulating metabolism of

Cereibacter azotoformans. A: PO4> -P concentration profiles for the WT and AntrY; B: NO;-N concentration
profiles for the WT and An#rY; C: NO, -N concentration profiles for the WT and AntrY; D: NO; -N concentration
profiles for the WT/op and AntrY/ntrY; E: PO, -P concentration profiles for the WT/op and AntrY/ntrY.
* indicates significant difference, *: P<0.05; **: P<0.01.
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s AntrY FEAERR BRI R 514 )51 RE 7 1l 25 52 240
(&l 2B), T NO,-N ,%’i Antry‘liﬁﬂ%fﬁ%ﬁ
IV\E’LE’J NO,™-N PRI I & TR AE B AR (] 20),
X — g5 Z 0o g R — 2 ek,
AntrY 7£ 0 h BB R G596, H A B IR0
] 1) JE AR Rt IRk (5, I — 2R S
TCEFUR poly-P. #: Tk, ARSI S A% T
K7 R 575 TR AR (W T op)E R %o BE ‘Z)ﬂlJiit ntrY K
kMR (AntrYinerY) 2 5K DPA fig 1. 453K
B, DIAMEIIKE T DPA %iﬂ([ﬁl 2D, 2E),
E—CAUESE T nery JEDAEIC 0 B0 T [ AU

1107 bp 1368 bp

100 bp

AT RBERE . IR, %45 B8R NaX/Y
FA G038 1o T4 ) #ﬁﬂﬁﬁtﬁmﬁ&zmﬁk
e, PR R, NuX/Y W45 R G B A
I AT R Y DPA A R4 G AR E
2.3 EREEATERECRBKEEE
=L
2.3.1 NtrX/Y BB SRR

1 [ A AT ATCC 17025 JERA T, %
i NtrX/Y RSN T 05— WA 53 R 48 NurB/C
1) (AL 3) . Herr, w31 B ) NeaeX & T
Fis R, —Fh o I St N 7, H25

2262 bp 1431 bp

l ]

I
1515879

1
1522 140

ATPase L7

J
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0
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Figure 3 Bioinformatics analysis of the functions of NtrB/C and NtrX/Y in Cereibacter azotoformans.
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*3 ETDAP-seqEEHISDPAEXAINtrXEEE[H
Table 3 DAP-seq based target genes of NtrX associated with DPA

Gene name Login ID Function

nirk Rsph17025 1595 Nitrite reductase mediates the key denitrification reaction by catalyzing the reduction of
NO, to NO

glnA Rsph17025 1344 L-glutamine synthetase: involved in ammonia assimilation, and helps maintain the overall
carbon and nitrogen metabolic balance during the DPA process

norB/C Rsph17025 0970 Nitric oxide reductase subunit C: catalyzes NO reduction and maintains the operation of
denitrification electron transport chain

phaC Rsph17025 0254 PHAs synthase: synthesizes PHAs and supplies electrons (NADH) and energy reserves
for nitrogen and phosphorus removal

sdhA Rsph17025 0088 Succinate dehydrogenase subunit A: participates in TCA cycle and provides crucial
reducing power for nitrogen and phosphorus removal

glgB Rsph17025 1783 1,4-a-glucan branching enzyme: participates in glycogen synthesis

nuoD Rsph17025 2004 NADH-quinone oxidoreductase subunit D: involves in electron transport chain and pumps
protons, acting as a core hub driving ATP synthesis

gltB, gltD Rsph17025 2781, Glutamate synthase II: Cooperates with glnA to mediate efficient ammonia assimilation

Rsph17025 2778 pathway
nifD, nifK1, Rsph17025 1247, Participates in the assembly of nitrogenase complex

nifH Rsph17025_1248,
Rsph17025 1246
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Regulatory mechanism of denitrifying polyphosphate-accumulating metabolism in Cereibacter

azotoformans. A: Results of electrophoretic mobility shift assay (EMSA); B: Model of the regulatory mechanism

for denitrifying polyphosphate-accumulating metabolism in Cereibacter azotoformans. Genes marked in red are

the target genes of NtrX.
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