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Abstract: Nitrate is a key component of the global nitrogen cycle and an important source of
available nitrogen for plants. It is of great significance to study the transformation process of
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nitrate to improve the productivity of ecosystems, and dissimilatory nitrate reduction is the main
path of nitrate transformation in the natural environment. At the same time, the large input of
nitrate nitrogen has led to multiple eco-environmental problems, garnering increasing attention.
Denitrification is the main process of nitrate nitrogen removal in the environment. Dissimilatory
nitrate reduction as the first step in denitrification provides substrates for subsequent reduction
reactions. Studying nitrate reduction processes can deepen the understanding of microbial
denitrification. Dissimilatory nitrate reduction is co-catalyzed by membrane-bound nitrate
reductase (Nar) and periplasmic nitrate reductase (Nap), which showcase differences in
structure, cellular localization, reaction mechanism, gene regulation, and responses to
environmental factors. Therefore, the two enzymes may have differences in the catalysis of
nitrate reduction. This paper systematically compares Nar and Nap in the above aspects, aiming
to improve our understanding of the development dynamics of nitrate in the system.

Keywords: nitrate reductase; structure; reaction mechanism; gene regulation; environmental

factors
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IS B I, MEEA SRR BT, K
W B TR WA, EE
RGRAFIE W) Z e R A5 D T Ik
Vi 2 A W R AL 2 A B ) — A G B 3R
WEE PR E SR . AE ] — R
S AEAC AN B AE PR B A R IR T, AR AL
YR Re ol DARS IR h 5O A R 3k S Jo 4
WP B F - A2 AR T SE B TE LR R BR PO, iR sk
Al U SO A A S A BR B S — 2
AT LLA J5 S 3 st S v SR i S B IR, %A IR
H il 1R 6 A 30 S A Ak 58 (181 1),

T 1R b 5 A0 S 2 R M S L IS PR
LB B s B AR AT DLy BEZE G R PR h 8
J i} (membrane-bound nitrate reductase, Nar)Fll

J&) 5 Al R £R A4 )5 i (periplasmic nitrate reductase,
Nap)®, Nar |12 f77E T H A i B 3h I D) RE 1
A Z i LR A0 MR b 55 1] 200 e S
ACAE SRS Bl DRSS T AL RS PR 1 8 i
[A] B} BE W% 7= A= 5t -0 1 #(proton-motive force,
pmf) 3 H F If 108 % 1 = B B2 (adenosine
triphosphate, ATP)JA B (L5 M sIA N
fis b S N RE S AR B ARl 8 RS N kA, (H
SEBR_E RS AR RN B AE AT SR AR A T A,
EIRER AT HH Nap LIRS W AHER £ . Nap {7
TUIM AT, ARG ™4 pmf, HA 5
T N A A REBE I B pmf, (H L™ A2 1Y
pmf A B LLISZ#E ATP 196 1, i i
Nap {LSGTEAF A ST T 3Rk, (B AR DR AAT
W AT, i A B PR T (Pseudomonas
sp.) strain G179 5 A {EZS3RET 4 1 (Rhodobacter
sphaeroides f. sp. denitrificans)H', Nap &2 5K
SRR A P — P il R 30 L g 01

Nar 55 Nap iX 2 FPif R BFES Y . A E
B« RN AILER B R4 45y T AEAE 26 5%, OF
H 350 R PR 1 g o AN IR AR [R] . AR SC
ARG T iHRR 4 )5 i Nar 5 Nap 76 FiRJL

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



T %5 | Nar 5 Nap g5 A= mwt st e

1373

Denitrification

e ———
N,O - NO

/ '
fﬁ Anammox \

f

- ———

\_-_H_
La
<

| NO,

P N - -

“ Nitrate reduction

NO,”

1 REFIRETEE
fiffEh . DNRA: fiFiRh 57 b i I 8% o
Figure 1

~r= NO,

)

Microbial communities

’

~
)
=
-
=
N
a

Nar

o o
[ T ————

Nitrate reductase

RAGHRI R, AR SRR ER 4 It Nar 5 Nap HEAL AR £hid )5k 31

Schematic diagram of the nitrogen recycling process. During the nitrogen cycle, microorganisms

catalyze the reduction of nitrate to nitrite using nitrate reductases Nar and Nap. DNRA: Dissimilatory nitrate

reduction to ammonium.

D5 TN S I) B A SR i R 3 3 i o S A R
X — SN A BRI A, A A T — A S
FEE MR NHAE S RGP IR R & & 3
ASTIAEZSIAGERON , i AHSC I PR AR 3P ML
P& L Ty

1 #HREXFEEN G KPAE

fil 12 £h 34 JR B Nar 5 Nap &8 )8 T & 41/ —
HJE 7 AR GE s 8 5K % (dimethyl  sulfoxide
reductase family, DMSOR)!"3,  #[BE WK Al R £h
WO AR EY , A B 2 AR
HHEEGIRE 2), BT R K 538 T
A SR, Nar 5 Nap TEHEALIE 16 A7
R IR IE | 20 A DA B RN LI S5 Ty T
FAIEZE ST
1.1 R AT RERLE A

fil R £ 34 5 i Nar F1 Nap 4465351 0
NarG il NapA, —FHHAE—AH Mo JR T4

B A H WIS 1 0y — 4% 1 iR (molybdopterin
guanine dinucleotide, MGD)J¥ i 1) 4H % K+
(Mo-bisPGD cofactor)if ¥ s L e — A8k R
## ([4Fe—4S]), HiI# 7EAS IR 8140 )5t Fit v ke 3= 2
PIREACAE T, I A A A i e ) — R 43 10
HEAL AL NarG 5 NapA #R#ZHLUN 4 45
B, WO EIEH Mo TS 6 AMMECALI
i) =AU BB, 35 A 4 DA
i 2 4~ MGD #2H. #E NarG 1, Mo Jit
TR 2 B B R A Z BRI R IR
MUPEE AN 1 A4 R PC A7 B KA RN BE 1Y 2 1
ARTES Mo B MELAL; AR ER A It
i o R A G R Y FR TR M £ 25 T A 25 o 1Ak O g
U OB A, BELAS A BR 8 5 15 PE AL s i 45
HUPLTE NapA 1, 735k 2 DEECAINIR B
PP ARG S ALY AL AL W, X 2 A
TR Z (A RS TE LR o — B S, #A) L DR WS 3R
X I P G R B —E IR AP VR U, Nar 55

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



1374 (HER YIS Microbiol. China
: NO, +2H
NO, . o
' NO,
NO, +H,0
_ NO, H* NO,
Cytoplasm

Inner membrane

Periplasm

2 FHERELILJREE Nar 5 Nap GHREE

NO,
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Figure 3 Schematic diagram of the nitrate reductase Nar catalyzed process' /.
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Table 1 Genes composition of nitrate reductase Nar and Nap operon

Nitrate reductase Operon Microorganism Source

Nar narGHJI, nar ZWYv Escherichia coli [24]
narGHJI, narZWyv Salmonella typhimurium [25]
narGHJI Bacillus subtilis [26]
narGHJI Paracoccus denitrificans [10]
nar GHJI Paracoccus pantotrophus [27]
narGHJI Pseudomonas aeruginosa [28]

Nap napFDAGHBC Escherichia coli [29]
napKEFDABC Rhodobacter sphaeroides [30]
napEDABC Paracoccus pantotrophus [31]
napEDABC Wautersia eutropha [32]
napEDABC Bradyrhizobium japonicum [33]
napEFDABC Starkeya novella [30]
napEFDABC Pseudomonas aeruginosa [34]
napAGHBLD Campylobacter jejuni [35]
napAGHBFLD Wollinella succinogenes [36]
napAGHBFLSD Thiomicrospira (formerly Sulfurimonas) denitrificans DSM 125 [30]
napCMADGH Thermovibrio ammonificans [37]

&, Horhies W44 7202 napEDABC,
A nap FEHFIERHEE napFGHKL H:[H BP0,

napA 5 napD iX 2 /N3 R7E & i IR A0 )5 il
Nap WA= IZAEAERT, FIE 153 g i
fEAE W EE NapA, J5 34 bt (%) 4 B v 25 11 NapD
FEREHES SREIREE IR, T2 7E A A 3
NapA 96 8 A K b 8t 72 v k4 AR F IO,
FEN napF BT g B9 AJE 121 22 8K 8% &5 F1 (non-heme
iron sulfur protein) NapF 5 NapD ZgREFAML, [A]
FES AL L NapA BB PO, BE N napB
WA LT nap #9757 gmtd A
JO i R 3 I il — L 5 R v 1 H T A% 3 I S
NapB™, JLH napC gmhd s & i S AL i 2
NapC, 157 I 4 )50 Nap A H L2050,
nap #I\ 1 H 19 napGH 3 K 23 il 4 5 2 4Bk
(Fe-S)# 1 NapG Hil NapH, % [1%& &1k NapGH
TEARGRS NapC HAMAY T, AT 3
B Nap AOHL 23813 napM - it g i i)

NapM 2 H &35 25 11 P01 3 3 3£ ] napEKLS
Gt A A T, (HA BHES S IR AL i
R, BARIIRE R Ak LA T
2.2 THERELIAIRER IR TRV RO

PR 1A JF i Nar 1 Nap H XLy 4520 7 4
T, TR\ 35 I8 121 %% 5% K - (transcription
factor, TF)7EFL s KV E-AT M1 o % 5t K+
REWS WO R B IR A5 5 124, 7S i i
i R R 30 I il () Rk Y — A IR AR HLAS PR ER
FEAERIZRAET , EIRER A 5t A 2x K3k, itk
A R NS IR 6 2 4 A IR R 0 I 1R O\ 73R
R SRR R P,

A JE R Nar 5 Nap F2AF 2 MUEAAE &=
% SR 121 SR — iR | D R A R R I 5
(fumarate and nitrate reductase, FNR)&,H\IEJ‘L}?
B, IEE S A] DA )0 PR v AR R Y R
BT, e S R FNR 35 A 6 S CURR 9 2k
%, TEGABPAR AT, A RFRRE
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SRR, DL 40 TR RE 18 DL N R4
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REMRIE, RRGE F LA RS AR
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A A AR 0 v TR A A7 22 R i) O il PR
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NarXL NarQP J& T 41 73845 & 48, Hid NarX
1 NarQ J2& Il 45 & 1Y 2 2 BRI B A 11, AT AW 1
RS AN R ER W Y224 5 T NarL 5 NarP 4351
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NarQ f n] & AR AL , 23 00 52 w19 2
NarL Al NarP, Jf ifif i75 i 19 10 Jt g5 90 1 19
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g MR A B i S — AR 281k NarR
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S PR 10 B2 A PR 6 3 I 1 B SRR 4% . nar GHUJI
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B FM B EH FNR 5 NarP #7376, [ nap
BI\FILZ RN E A NsrR BHIHITT, PRAE KM
T, FEHR 4% 5 i 18 (Pseudomonas aeruginosa)
Hh ([ 5C), narGHJII 9\ FNR [A] & 1 ANR
DNR VAR AU 73 P45 2 58 NarXL &, HhiE
1 ANR IS REBSAE E 4t EE 1 DNR 5 NarXL #Y
BEDH dnr & narXL )21k, T NarL B A nap
BRIy Rk,

IR ER I8 I i Nar 55 Nap BY#RI\1#F AT LA
MR B, HERER . AHEREL . —F LA L
J A AR AR RS AR 4L, HE =3 13z
57 ORI IR A Nar S2 68 RR E6 18 I i
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Pseudomonas aeruginosa (C). From top to bottom, each layer is the environmental signal, the transcription
factor, and the nitrate reductase (operon). The red arrows represent inhibition, and the green arrows represent
activation and facilitation.
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