
 

Engineered enzyme enables precise assembly
of single-handed complex molecules
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Chemists have modified a natural enzyme so that a specific chemical reaction
can be carried out with high precision and efficiency. Credit: University of
Basel, Xiang Zhang

Researchers at the University of Basel have repurposed a natural enzyme
so that it catalyzes a highly challenging chemical reaction. Their
approach opens new possibilities for synthesizing complex
molecules—such as pharmaceuticals and fine chemicals—in a more
environmentally friendly and efficient way. The findings are published
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in the journal Nature.

Catalysts are among the most important tools for achieving more
sustainable green chemistry. They accelerate chemical reactions, making
them more efficient and easier to control. As a result, energy, waste and
costs can be saved when manufacturing a wide variety of products. The
search for new catalysts has kept the field of chemistry busy since the
20th century.

As nature's catalysts, enzymes have garnered increasing attention for
their exceptional ability to enhance both the reactivity and selectivity of
chemical reactions, as well as for their environmentally benign
properties.

Promising method with a catch

Recently, metal hydride hydrogen atom transfer (MHAT) has emerged
as a promising catalytic method to efficiently build complex molecules.
A compound consisting of metal hydride—a metal atom bonded with a
hydrogen atom—transfers a hydrogen atom to a double bond within the
organic compound, producing a reactive intermediate that triggers the
subsequent bond formation.

MHAT can convert a flat, two-dimensional substrate into a complex
molecule with a three-dimensional architecture. However, achieving 
precise control over the three-dimensional arrangement of the atoms
within the molecule—particularly the mirror-image configurations of the
molecule, akin to left and right hands—remains challenging.

In pharmaceutical and fine chemicals manufacturing, however, it is
crucial that a single-handed configuration is created. This is because the
two mirror-image molecules can exhibit different biological
properties—one may be therapeutically beneficial while the mirror-
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image counterpart can be inactive or even toxic.

Enzyme produces single-handed configuration

Researchers at the University of Basel have now succeeded in combining
MHAT chemistry with enzymatic catalysis to produce three-dimensional
molecules with single-handed configuration. The groundbreaking
research is part of the National Center of Competence in Research
"Molecular Systems Engineering," which is led by Prof. Dr. Thomas R.
Ward at the University of Basel.

The research team has managed to repurpose a hemoprotein—an
enzyme that is widely present in nature—to carry out MHAT reactions
within its catalytic site. Thanks to the sophisticated enzyme scaffold, it
produces almost exclusively the desired single-handed form of the
molecule (up to a 98 to 2 ratio of left- and right-handed molecules).
Notably, such transformations are very challenging to achieve with
conventional chemical tools.

"Until now, no enzyme that could carry out such a MHAT reaction was
known," explains first author Dr. Xiang Zhang.

Specificity—both a curse and a blessing

This breakthrough paves the way for a more sustainable and efficient
production of a variety of complex chemicals. By repurposing a natural
enzyme to catalyze this versatile chemical transformation, the
researchers aim to streamline the synthesis of pharmaceuticals and other
high-added value chemicals.

However, the specificity of the enzyme is both a curse and a blessing: if
using a structurally different starting material, the enzyme scaffold

3/4

https://phys.org/tags/natural+enzyme/
https://phys.org/tags/natural+enzyme/


 

might require further engineering to achieve high specificity.
Additionally, in order to make this transformation even more useful, the
researchers are looking for a more sustainable way for metal hydride
formation.

  More information: Xiang Zhang et al, Repurposing haemoproteins for
asymmetric metal-catalysed H atom transfer, Nature (2025). DOI:
10.1038/s41586-025-09308-0
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