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Bacterial engineering / remodeling
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Figure 3: Strategies used to enhance nitrogen fixation in gamma-proteobacteria. The 
number of PII homologs, which play a crucial role in N metabolism, can vary among proteobac-
teria. These PII proteins undergo modifications by the GlnD enzyme. This diagram shows a 
representative PII protein and highlights some of its regulatory functions. Under N-sufficient 
conditions (red arrows), the uridylyl-removing (UR) activity of the GlnD enzyme is active. The 
non-uridylylated form of the PII protein interacts with the ammonium transporter AmtB, inhibiting 
N intake. It also stimulates the adenylylation of the glutamine synthetase (GS), reducing ammo-
nia assimilation. Recipocally, during N-limited conditions (green arrows), GlnD uridylylates the 
PII proteins (UTase). These uridylylated PII proteins are unable to interact with AmtB. They also 
stimulate the de-adenylylation of the GS. NtrB phosphorylates NtrC, activating the expression 
of σ54 genes crucial for N metabolism. Additionally, PII proteins interact with NifL to activate NifA. 
Some common strategies used in engineering diazotrophs to enhance N fixation are (1) delet-
ing nifL and over-expressing activator nifA. (2) mutating or posttranslationally inactivating the 
glutamine synthetase or decreasing its expression, and (3) deleting the AmtB ammonium 
importer.

NtrC Controls de expression 
of many genes involved in 
nitrogen metabolism

NifA is the master 
regulator of the nitrogen 
fixaxion (nif) genes

Chakraborty et al. Trends in Microbiology 2023
Mus et al. Applied and Environmental Microbiology 2022

Wen et al. ACS Synthetic Biology 2021
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Wen et al. ACS Synthetic Biology 2021
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Looking for the best 
diazotroph chassis for 
synthetic biology

Best chassis so far:
• Klebsiella sp.
• Pseudomonas sp.

Biosensors currently optimized for:
• Arabinose
• Cuminic acid
• Flavonoids: naringenin and luteolin
• p-Coumaric acid

Chakraborty et al. Trends in Microbiology 2023
Venkataraman et al. ACS Synthetic Biology 2023



Inducible nitrogen fixation
N: ammonium acetate
A: arabinose



Inducible nitrogen fixation and ammonium excretion
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Effect of community composition on nitrogen fixation

Growing sub-
communities of a 12-
member community in 
vitro

Current Dataset
• Monocultures
• All Possible Pairs
• Leave-one-out Communities



Sub-communities provide insight into how non-fixers 
may both improve and hinder nitrogenase activity

Full 12-member Community: PComm1

7-member community from Niu et al. (2017) 
+ 5 tractable diazotrophs
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Can we isolate more
diazotroph “helpers” ?

Diazotrophs
+
Non-diazotrophs
(possible helpers)

Nitrogen-free semi-solid medium

Dr. Paulo Ivan Fernandes Júnior
(EMBRAPA)



Identification of helper and competitor strains
for Klebsiella variicola A3
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Transfer of fixed nitrogen to corn mediated by 
arbuscular mycorrhizal fungi

15N dilution experiment (nitrogen-fixation evaluated by a decrease in 15N content)
ΔnifL:km : Ammonium-excreting Azotobacter vinelandii published in Mus et al. (2022)
ΔnifD: non-fixing mutant of Azotobacter vinelandii 
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50 years?

5-15 years

30 years?

Now-10 years

Microbe Plant

Are we there yet?
(Pankievicz et al., BMC Biology 2019)
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