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Powering enzymes with light to make
ammonia

August 9 2024

Substrates” ’
: Reductive

- Catalysis

Product

Product

Substrate
Reaction

Control and ‘ * physical coupling * kinetics and thermodynamics

understand * electronic flow * catalytic mechanism of N» reduction

Nanocrystals (left) capture light (hv) and then transfer electrons (e-) to
nitrogenase enzymes (upper right) to convert dinitrogen (N,) to ammonia (NHj).
A sacrificial reaction (bottom right) completes the process. Credit: Alfred Hicks,
National Renewable Energy Laboratory.
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The Earth's atmosphere contains large amounts of nitrogen in the form
of dinitrogen gas (N,). Converting N, to ammonia (NHj) is critical for
making the fertilizer needed for agriculture.

Currently, ammonia production requires 2% of the global energy and
generates significant greenhouse gases. In nature, the nitrogenase
enzyme can catalyze ammonia production by using the energy stored in
adenosine triphosphate (ATP) to drive the reaction.

ATP is a natural molecule found in all forms of life. It is possible to
replace ATP with sunlight energy for a low energy process that does not
produce greenhouse gases.

However, researchers are still developing these sunlight-based processes.

In research published in Journal of the American Chemical Society,
scientists created a unique biohybrid that couples nanocrystals to
nitrogenase. The nanocrystals use sunlight to transfer charge to the
enzymes and complete the reaction. The research identified the
properties of nanocrystals for binding to nitrogenase, helping the
scientists gain new insights into this complex NH; production reaction.

This biohybrid approach uses sunlight to drive the energy-demanding
conversion reactions that can mitigate the co-production of greenhouse
gases. The standard approach to making ammonia is the Haber-Bosch
process. This process produces about 150 million metric tons (MmT) of
ammonia per year but requires large amounts of energy and also
produces about 280 MmT of carbon dioxide (CO,).

The new process uses sunlight to catalyze NH; production without
generating CQO,. It is also an attractive way to produce NH; fertilizers
close to where they will be used, minimizing CO, emissions from
shipping to farms. Making this process a reality requires understanding
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how to couple sunlight to drive the reaction.

To produce ammonia using sunlight, research scientists developed a
biohybrid system composed of nanocrystals and the enzyme Mo-
nitrogenase. This enzyme has a unique metal cluster, termed the FeMo-
cofactor, that requires eight electrons and eight protons to reduce N, to
ammonia.

The researchers used this nanocrystal/enzyme system to determine how
to direct photogenerated electrons to the FeMo-cofactor and to study the
related mechanism. For the system to rely on light, the nanoparticle and
enzyme must be chemically compatible and form a stable reaction
complex. This research explored how to make nanoparticles that bind to

the enzyme.

This approach provides insight into how to synthetically tune
nanocrystals to bind enzymes and to transfer charge selectively. Taking
advantage of this progress, researchers can study the process in detail. In
the frozen state, the FeMo-cofactor reaction intermediates can be
trapped and analyzed in detail by electron paramagnetic resonance
spectroscopy techniques.

This technical foundation enables researchers to identify reaction
intermediates, the activation energies of the reaction steps, and evolution
of a kinetic model of the N, reduction reaction.

More information: Gregory E. Vansuch et al, Cryo-annealing of
Photoreduced CdS Quantum Dot-Nitrogenase MoFe Protein Complexes
Reveals the Kinetic Stability of the E4(2N2H) Intermediate, Journal of
the American Chemical Society (2023). DOI: 10.1021/jacs.3c06832

Lauren M. Pellows et al, High Affinity Electrostatic Interactions Support
the Formation of CdS Quantum Dot:Nitrogenase MoFe Protein
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Complexes, Nano Letters (2023). DOI: 10.1021/acs.nanolett.3¢03205

Lauren M. Pellows et al, Low-temperature trapping of N2 reduction
reaction intermediates in nitrogenase MoFe protein—CdS quantum dot
complexes, The Journal of Chemical Physics (2023). DOI:
10.1063/5.0170405
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