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Research advances in nitrogen fixation synthetic biology
LI Chao, ZHANG Huan, YANG Jun, WANG Ertao

(National Key Laboratory of Plant Molecular Genetics, CAS Center for Excellence in Molecular Plant Sciences, Institute of Plant
Physiology and Ecology, Chinese Academy of Sciences, Shanghai 200032, China)

Abstract: Nitrogen is an essential element for plant growth and development. Legume plants form symbiotic
relationships with rhizobia, which facilitates the biological fixation of atmospheric nitrogen (N,) into ammonia (NH;)
that is directly usable by the plants through the action of rhizobial nitrogenase. This process reduces the need for
chemical nitrogen fertilizers. However, under the pressure of continuously increasing food demand driven by a growing
global population, the major non-leguminous food crops for humans, such as maize, rice and wheat, lack the ability to
form nodules and establish symbiosis with rhizobia. This results in a heavy dependence on chemical nitrogen fertilizer
to maintain high and stable yields. However, the overuse of chemical nitrogen fertilizers has caused serious

environmental problems, including soil compaction and acidification, greenhouse gas emissions, and water
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eutrophication, all of which threaten agricultural sustainability and global food security. To achieve green and
sustainable agricultural development and reduce the use of chemical fertilizers, nitrogen-fixing synthetic biology
utilizes tools of synthetic biology to modify, optimize, and even de novo design biological nitrogen fixation
systems. These engineered systems are applied across agricultural production, environmental protection, and
industrial biotechnology, addressing global challenges such as excessive dependence on chemical nitrogen
fertilizers, high energy consumption, and environmental pollution. The innovative strategies for bioengineering
biological nitrogen fixation in non-leguminous crops can be categorized into the following four aspects. These
strategies include engineering rhizobial nitrogen-fixing bacteria to increase nitrogen supply to the host, engineering
crops to enhance the ability of plants to recruit nitrogen-fixing microbes in the rhizosphere to improve nitrogen use
efficiency, forming nodule-like structures for symbiotic nitrogen fixation, and transferring functional nitrogenase
components into plant cells to create self-fertilizing crops. Significant advances have been achieved in all these
approaches in recent years, demonstrating their potential to boost yields while reducing fertilizers. This review
provides a comprehensive overview of recent breakthroughs in nitrogen-fixing synthetic biology. We also discuss
the current challenges and future prospects, offering theoretical insights and technical guidance to support further
research and the practical application of biological nitrogen fixation in sustainable agriculture and environmental

protection.
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(I .Engineer nitrogen-fixing bacteria to enhance nitrogenase activity and optimize ammonium excretion efficiency; Il .Strengthen crops’ ability to

recruit beneficial diazotrophs in the rhizosphere and regulate their nitrogen-fixing activity; Il .Decipher nodulation mechanisms to achieve symbiotic

nitrogen fixation in non-leguminous plants; IV.Express nitrogenase in plant organelles to enable autonomous nitrogen fixation in crops.)
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BRI A R (D S TN BB MR, AT MR
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X 75 B B [ BB 5 1), 06 R R B L T A%
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190 5 G ¥ 1 T3] 20 2 R N, OB L. RS I 2
FepTL il 400 o) ] 0 v R B R R AR 2 1) i i
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PSS T, TR A &Y (np-O#r),
Wr R4 & A, 51K G S AR R T it
Ah, EASAEGE IR N IE A O IE YR (ROS),
BEAET (0D, dEMAE (HO0,). FRHEAHE
(OH) %, el E ARy &EE (W
FeSID I 5 1 Db 2 IR 1 2 2 S Ak il — Bl i A 2
LR BRI IAL, AR E AT S5 SRR
fr e A B E RS . B, S ET At
FU SR WG R AR T A I A B R Ak P 2H 2 [ AU
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PRI D 3K 26 240 it 5% RE 5 S (1K A2 9% (1) ATP AR S8 853
B KRR 96 A2 [ & Il T RE AR R Y. 2016 A
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MitSHR-MSCR 55 VT 2 #J8 JK & AH 9 1 5 5 A0 48 g
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LA {5 45 38 B CSSP Wi 1% AE & RHEY) e % 4 O 5L (7
xik, RENEREMEREE . Bz, [
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A, TR T AR A S SRHEY N A BRI
R S AR G RHEY A LA R TR AL TR 2
2 U2 [l & 9% UCYN-A/46 3% Braarudosphaera
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