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Progress in the nitrogen fixation strategy of Trichodesmium
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Abstract: Tricodesmium, a genus of nitrogen-fixing cyanobacteria, is the most abundant
nitrogen-fixing microorganisms in the ocean. They contribute about 42% of marine biological
nitrogen fixation and provide a new source of nitrogen to marine ecosystems, driving marine
primary productivity and biogeochemical cycles. As a major contributor of new nitrogen in the
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ocean, Tricodesmium is a group of filamentous nitrogen-fixing cyanobacteria that do not
produce heterocysts. Because nitrogenase, the key enzyme of biological nitrogen fixation, is
sensitive to oxygen, nitrogen-fixing cyanobacteria usually produce heterocysts or fix nitrogen at
night to avoid the inhibitory effects of oxygen on nitrogen-fixing enzymes. The recent studies
have discovered that Tricodesmium has a unique nitrogen fixation system, which enables the
same filament to complete photosynthesis and nitrogen fixation simultaneously during the
daytime and has a complex regulatory mechanism. We review the recent progress in the
nitrogen fixation strategy of Tricodesmium and introduce the sophisticated regulatory
mechanism between biological nitrogen fixation and photosynthesis. This review helps to
deenpen our understanding of the nitrogen fixation mechanism of microorganisms, especially
marine cyanobacteria.

Keywords: Tricodesmium; primary productivity; nitrogen cycle; biological nitrogen fixation;
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Figure 2 Schematic diagram of the interaction between nitrogen fixation, photosynthesis, and respiration in
Tricodesmium. The green part of the diagram shows the photosynthetic apparatus, the red-brown part shows
the respiratory apparatus and carbon fixation, and the apparatus common to respiration and photosynthesis is
shown in red-brown and green together. The blue box shows nitrogen fixation, which does not occur in the
same compartment as photosynthesis. The orange box shows the Mehler reaction. The dashed arrows in the
electron transport chain involving photosynthesis and respiration indicate electron transport and the solid
arrows indicate proton (H') transfer. APX: Ascorbate peroxidase; Cytbef: Cytochrome byf complex; Cytc
oxidase: Cytochrome C oxidase; Fd: Ferredoxin; NDH-1: NAD(P)H dehydrogenase; PC: Plastocyanin; PQ:
Plastoquinone; PSI: Photosystem I, PSII: Photosystem II; Succin: Succinate dehydrogenase; SOD:
Superoxide dismutases.
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Figure 3 Different nitrogen-fixing morphology, separation of nitrogen-fixing effects and photosynthesis of

two model organisms (Filamentous Anabaena and unicellular nitrogen-fixing cyanobacteria-Crocosphaera).
Blue indicates localization of intracellular nitrogenase, and green indicates vegetative cells that are actively

photosynthesizing.
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fluorescence after labeled with an anti-NifH antibody as observed under light microscope!**.
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Figure 6 Separation of nitrogen fixation and photosynthesis of Tricodesmium in time (Tricodesmium
community level). This schematic diagram represents the overall trend of measured nitrogen fixation and
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Figure 7 The regulatory factors on the nitrogen fixation of Tricodesmium. Green arrow: Promotes nitrogen
fixation; Red line: Inhibits nitrogen fixation. GS: Glutamine synthetase.
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