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Abstract: Although the large scale of industrial nitrogen fixation and chemical nitrogen
fertilizer application have increased crop yields and alleviated food crisis, the excess discharge
of nitrogen nutrients have affected the environment and human health. The treatment of
nitrogen contamination is largely dependent on the nitrogen cycle driven by microorganisms. In
the last three decades, researchers have discovered the inorganic nitrogen metabolism pathways
such as anaerobic ammonia oxidation (Anammox), complete ammonia oxidation (Comammox),
and direct ammonia oxidation (Dirammox). Shewanella, a genus of known bacteria with
abundant respiration pathways, are ubiquitous in natural habitats and have potential
applications in both microbial fuel cells and environmental bioremediation. In this review, we
described the modulation mechanisms of denitrification and dissimilatory nitrate reduction to
ammonium pathways in Shewanella from the nitrate reductase systems, regulation of the cyclic
AMP (cAMP) receptor proteins (Crp), and modulation and switching of nitrate reduction
pathways, aiming to give insights into the microbial-driven nitrogen cycling mechanism in the
hydrosphere and the development of novel biotechniques and bioreactors for the removal and
mitigation of nitrogen pollution.

Keywords: microbial denitrification; Shewanella; cyclic AMP (cAMP) receptor proteins (Crp);
denitrification; dissimilatory nitrate reduction to ammonium (DNRA)
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Complete ammonia oxidation (Comammox)

(D Nitrogen fixation

(2) Nitrification

(3) Denitrification

(@) Dissimilatory nitrate reduction to ammonium (DNRA)

Ammonia-oxidizing bacteria (AOB) (5) Anaerobic ammonia oxidation (Anammox)

(®) Direct ammonia oxidation (Dirammox)
(D) Ammonification
® Assimilation of ammonium

Nitrogen cycle pathways driven by microorganisms.
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Horp— S AL A (NO) FIR 24 (N, Hay) /2 55 2 1Y S 7
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1. Nitrification-denitrification pathway
Amo Hao Nxr
NH, NH,OH NO, —

Nar/Nap  NirK/NirS NorB/NorC NosZ
(O NO, NO

| " NirK/NirS ¥

N,O —=N,

2. Anammox pathway
NH,* Hzs
NirK/NirS
NO, NO

3. Dirammox pathway
DnfA DnfA/B/(C)
; R-NH, NH

4 )

2 MEMESHRAREREXEE

DnfA/B
N

Amo: Ammonia monooxygenase

Hao: Hydroxylamine oxidoreductase

Nxr: Nitrite oxidoreductase

Nar/Nap: Nitrate reductases

Nir: Nitrite reductase

Nor: Nitric oxide reductase

Nos: Nitrous-oxide reductase

Hzs: %ydrazme synthase

Hzo: Hydrazine oxidoreductase

Dnf: Direct dinitrogen-forming gene cluster

Figure 2 Nitrogen removal pathways and key enzymes involved in microorganisms.
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B B TE Al 2 6 TR Il 12 6 30 Dt v Al SC B
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JE 20 PN S 5 Y B A R 2 R AE Y eE T g
P EEAG 501, 580w IS N PR AR fL RE T Y
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1 (cCAMP receptor protein, Crp) 45 & &
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Nt cAMP-Crp (454 FH AL 20 1 FL AT 5 3k
PO, 5 B EC T (Shewanel L a) ) A R £ A A Ha
T2 AR AT W B 137 3 575 A fil SRR AR T R
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HE A 2-4 NGt Crp HRIRE MR, K
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Figure 3 Schematic diagram of the regulation of Crp proteins on the dissimilatory nitrate reduction to
ammonia and denitrification (adapted from literature [49]).
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