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Research progress in ammonium production from microbial
dissimilatory reduction of nitrate and nitrite
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Key Laboratory of Plant Resource Conservation and Germplasm Innovation in Mountainous Region (Ministry of
Education), College of Life Sciences/Institute of Agro-bioengineering, Guizhou University, Guiyang 550025,
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Abstract: The dissimilatory reduction of nitrate and nitrite to produce ammonium is an
accessory pathway of nitrogen transformation, which provides a basis for the reuse of nitrogen
in the ecosystem and has become a research hotspot in recent years. According to the available
reports, the occurrence mechanism and intensity of ammonium production by dissimilatory
reduction of different nitrogen sources are different, which determines the efficiency of
microbial ammonium production. Therefore, it is necessary to clarify the metabolic mechanism
of dissimilatory reduction of different nitrogen sources. This paper introduces the species of
microorganisms involved in the dissimilatory reduction of nitrate and nitrite and elaborates on
the ammonium production pathways and mechanisms. Further, we analyzed the effects of
single and mixed nitrogen sources on microbial ammonium production, summarized the
advantages of ammonium production by actinomycetes compared with other microorganisms,
and prospected the future research directions. This review aims to provide a theoretical basis

for the application of microbial dissimilatory nitrate and nitrite reduction to ammonium.
Keywords: dissimilatory nitrate reduction to ammonium; microorganisms; way of occurrence;
nitrogen source
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Microbial species for ammonium production by dissimilatory nitrate and nitrite reduction

Table 1

Chemical energy type  Strain Breathing  7/°C Separation point References
type
Heterotrophic Vibrio sp. Y1-5 Aerobic 25-35 Surface sediments of Jiaozhou Bay, [46]
China
Anaeromyxobacter ~ Facultative >25 Guangzhou Sewage Treatment [5]
anaerobic Plant
Brocadia Facultative >20 Chongqing Sewage Treatment [5]
anaerobic Plant
Nitrospira Facultative ~15 Beijing Sewage Treatment Plant  [5]
anaerobic
Gethrix Facultative ~5 Harbin Sewage Treatment Plant [5]
anaerobic
Lacunisphaera Facultative ~15 Changchun Sewage Treatment [5]
anaerobic Plant
Pseudomonas Facultative 10-37 Sludge obtained from a piggery [47]
putida strain NP5 anaerobic wastewater treatment system
(Xi’an, China)
Streptomyces Aerobic 15-40 A biogas digester in Huaxi District [48]
mediolani EM-B2 on the southern side of Guiyang
City
Thermosulfurimonas Anaerobic  50—79 A shallow-sea hydrothermal vent  [49]
marina SU8T2" in the Pacific Ocean near Kunashir
Island
Chemolithoautotrophic Thermosulfuriphilus  Anaerobic  47-75 A deep-sea hydrothermal vent [50]
ammonigenes gen chimney located on the Eastern
ST65T Lau Spreading Centre
In the south-western Pacific Ocean
Autotroph Thermosulfurimonas Anaerobic  Thermophilic Deep-sea hydrothermal vents [51]
dismutans optimal growth
Temperature
74 °C
Autotroph Dissulfuribacter Anaerobic  Thermophilic Deep-sea hydrothermal vents [51]
thermophilus optimal growth
temperature 61 °C
Mixotrophic Nautilia profundicola Strictly 30-55 Deep-sea hydrothermal vents [52-53]
Am-H Anaerobic
Chemolithoautotrophic Caminibacter Anaerobic  50-70 An East Pacific Rise hydrothermal [54]
hydrogeniphilus vent sample
gen. AM1116"

2 DNRA HHLE K #1E
2.1 DNRA HJ& %I IE

DNRA 3 B4 A R G A B 2 ) 2 BB 4 2
—, X NO, Fil NO; & FhAb B R 48 ik Jit -
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The microbial pathway of ammonium production by dissimilatory nitrate and nitrite reduction.

Figure 1
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S IV P ek 3 s AR 15 A D, 2 Jim S5 R B,
LR —RUEAH EL, W ASR A SR (NIRBD) (U ZE TR
GRS bR A R FAER , 45613
¥k Streptomyces mediolani EM-B2, T£ NH; 5
NO; iR G R, BFERRREA NO, MKt
U, FreicdomagRe/ER, (A4 NO, 5
NO;", NO, 5 NH/ WIRARIEH, B A mk
JEM NO, f77E, T LK 1) TCHLA AT S AEis 5
i NHy", RIHENAETE T bk EM-B2 130 fil 2
I D il R — R R T S, (RS A T IS
SRRIE, AL, AR, AR AR EE Y
Brgdhn | SR JERESE R A 3k AR —FE),
n Jin ZEONE BFEAR MR 4 (<100 mg/L)FIFEAE
T, HAR KK FAZRm, H249)0 NH, W
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4 300 mg/L 5 800 mg/L if, HAR A4
SRR BTG, HEWR P EM-B2 A9 ER
W i ] BB SZ BI04 NO, MR BERYSZ I, AT
Ja SRR AR I B L, WA T Ak
EM-B2 7E NO, 5 NO;~, NO, 5 NH, HIR &4

P, 43R 26.03 mg/L 1 31.61 mg/L NH,"

PG, HX NGB, 25, Wk
EM-B2 {1725 DNRA #24t TR Rise, 5
— MY DNRA SAE A, HARFRATTAL,
# Pk EM-B2 J21EIR G AV F T HY HN-AD
NH, R EBZ M E kS, HOUR 0 # vk fe
FKHFE R EM-B2 HH /e i) AFL b ik 2 52
REME , X&) SRR B R S, I, FREA
Bk EM-B2 Sk M BRER 1AM R R 18 I = £ bl
TR

BRI Be 1] A A% ik 2 v i B RUTS S K 1Y)
5T AR PR R AR K R s AR L
SEM N 2RI, AN . TCHL R B Ak 2= T A
2 (chemical oxygen demand, COD)%5, fR/DA#ff
S [FBF RARF i 2 T H () HN-AD 1 DNRA i Ffr
T AR DL S R AR Sy SR RN, o HL R A D
RO 2 BRI S A A e S, PR,
ARAEXS TR B 3 F LRI 25 T B . HaR,
HN-AD #FRIEH G £, X Tk A
TE AR I 8 7 T R ESE . DNRA R P2 (5%
AEHLTI AR SC D RE B R i AN T 4, TRIIL, A an e
PE— e W £ NH, fE Rayi i, I
BF 533k LE TR AR I BT A A DG PR 3k DL e
PIEZ PR, BATE, Wk EM-B2 7R
G AP NH, B RE 73 2 T HA A TRk
FE AL B TCHL AR K AT 249 & 58 U5 LA DA
L (1) AR — SR A AR TP AT LA R o
E BRI E M LA NH, . NO, . NO; .
NH,OH), HA AR hia -y R
LR (2) REIRPTmE ML NO, | =V T 1 fit
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AHEATHM:, 76 7.6 mg/L HEERALMT
D5A 5, FERRE Streptomyces sp. XD-11-6-2%31
Desulfuromusa F Denitrovibrio™ Ve REHEHT &1 ik
JERE R4 B4 pH b 9.0 ), X NH, 9 £ BR
FRAEIR 99.61%, KK Pseudomonas putida
Y-SR g (3) T AZ AR R EE (1540 °C),
XFMBESRAF A HCEPE /N (4) 7E NHL™ 5 NO, -,
NO, 5 NO; HiR-A R M H , HAAHHRA™ NH,
REJ1 . AR SRStk EM-B2 2 51
DNRA (85T, WX E#k EM-B2 B4 T 21
J A R ZH I 7, I3 7K PRI K P
AT LTS5 DNRA S RESE P K% AR R
. IHh, DNRA iEAE2 KR AR B
[FfFFE 250, M EME EM-B2 J& AR 28R A
b B PAT R IR A IR R P ] BE A AE—
BERBL B LT DNRA (AR | Al aloRT i
B RAS , XN T R L AR RUTS YK 1Y
A= A 5 ST A AN 4 H R ik 2 e AU T
RS A E R

4 FRERRBEHENE®R

BV ST K T NH, 2 i) 6 00 e 55 ]
o B CHEEM . NOy 8 NO, SAbif il NH,'
J&, NH BZALIRILAZm: (1) g s
AT R, B ERE"" ) BFEER
NH, X EHHREI RS, 285 (3)
AN NHL 52 A6 NO; DT 3 58 S il Ak AE
FABOL (@) @AY EOK A pH ff NH, ¥R N
NH;, ZJ5 Fl 55 S48 ik b a5 mg ™ (5)
NH, K 5 ki 2] K5 (6) hwiged:r=#
FOHH AR, RS (7) WAL
RGP NHy Sl 2 FhE AR 7 i, 4n 2%
AL KRR AT, SRS BT
e TN A - NI LY R o =it e S
B7E H# BRI, NH &3 MRG & mil,
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i FH A BRAL 0k T B AR R AR R . FLROA &
B BRVETHS BRI K AN RTAT, Py
A2 BAUGE TR EE(>1 000 mg/L) AR
AKALFREH T AE<50 me/L MR AR K,
A DLSE G B | b2 s A WA 2 i ke
NH,", =28 OmmEsE™ . Bt 2
TR R E R L V5 5/ . RETRTT SR AN A A
Xt A E 4 DI st A ) 2 di i P R 4R e e AR B
BEHEAR T, SRR L it (MFC) . Tk
Py ¥ Ak 2 H it (MEC) R A 9 i 8 HEL 3t (MIDC)
S5 i i B T O R X ey AT Ak
T BB, I HATT Y NH, BRI #
el s, HIIEAE] 100%09 NH, =1, BHI7e
3 K. 15T RGPS DNRA 2
o NH, M, 248 m NH, IS A 20512,
T2 R AL B 2R S He NH, MR B 75 5 7 NH,
Wz 554k, W Streptomyces mediolani EM-B2.,
AN, AERRTTTE KA R A] R 2 A K
EAEFIE TS IR (WAS)PH, 11 LAY [ s &R 3= 2
BT K, Wi, #%EA DNRA JJRER A
Wi 1 30 s e o 1 R T LA 4
RS ATRSSEE M, 2T L Rigik, KokA O
TR —Fh A5 U8 P Ak ENC R i K TR
U F AN FERERE , Bl 45 7 Y A RUIE AR
77 T A R AR AR [ A

5 Zw5E%

IFL 5% T A TR 6 IV Al PR £ S A3 I 7=
AT R R FERUAE IR A KR A5, U C/N
WEE . pH SEJ7 TR, XIS WIHET A 5
Wi P2 | AR P AL S50 B L] L AL
TR A MR T 1) S A i D i 55 75 T T 5 i
FEB I =, IR B M R £h B A BRER S Ak A I 7
BLA B T %000 8 mD SR A SRR, X AR

T DNRA AYFZE . DNRA HHLIEAI LA
AR, BT AN R RS 6T S A I ™ e 1) 5%
M, SR e T8 mhcab 38, & 3 B TR AL
VEZ M AR, P, JE2n] LR LA
J5 RHETTHRSY «

(1) SE—FIHT 40T i) DNRA ML, ™=
e 55 Dy R SE DRURI G AR AR OGP | T2 48 AIE 528
238 0 AR I P i A% o UNPR I MR I Tl 2
[N7E DNRA SUAEYT I AERBVER, ORI
7 b 22 (B R AH DG 55

(2) IREESrHT DNRA AR B2 (0 A 5 KL A
Sy [a] i R 2% 2 5 SND 421K . 4l DNRA
5 SND W BEMF G, A THMAREL
AL S DNRA 5 SND [958 Ll .

(3) ¥k £ # R 2 #h B IR AT AR
JE £ T . ANEE AR EM-B2 7£ NO, 5 NH,'
5 NO, 5 NO; IRA AW 1y & " e, FTI T
DIFEAATXT DNRA BEHELAANER ]y E A, FL
SR D ML FR A R AT o

(4) WIS FAEYFAR T, Tk s
B Z) DNRA GUEY), $&m k- gne
Q) I R i AR 6T DNRA A ) B AH O 38
Jir I R R A T e B 8 e A, ol 30 I 7™ i 1 A DG 3
N ST

(5) PLAkIRI B 9 73k o AT 3 5 4 R (] Y
GG I R SR R | KRR H
FENRE I AR PN CIL V€5 NN RS P EIL @ &S 74
RACUA B e AR Tl Ak i H o
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