
 

Bio-inspired biomimetics can outperform
natural coenzymes

February 1 2016

Researchers from the University of Amsterdam's Van 't Hoff Institute
for Molecular Sciences (HIMS) have developed a range of synthetic
biomimetic compounds to replace the relatively expensive natural
NADH and NADPH coenzymes in enzymatic conversions of industrial
relevance. They show that some of the compounds even outperform their
natural counterparts. The research has been published in the Journal of
the American Chemical Society (JACS).

The search for affordable, green biocatalytic processes is a challenge for
chemicals manufacture. Not only is the use of natural coenzymes
economically hardly viable, the moderate stability of these molecules
thwarts their implementation in large scale catalytic processes that
employ coenzyme recycling.

Now, in a joint JACS publication with researchers from TU Delft and
the University of Manchester, Dr Tanja Knaus from the HIMS
Biocatalysis group led by Dr Francesco Mutti describes the great
potential of a range of synthetic biomimetics for replacing the natural
coenzymes NAD(P)H in redox biocatalysis.

The new biomimetic coenzymes are inexpensive to manufacture and
more stable than their biological counterparts, that are required as
hydride source (reduced form NAD(P)H) or acceptor (oxidised form
NAD+) in selective enzymatic reductive and oxidative reactions.
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Outperforming natural counterparts

The HIMS Biocat researchers have investigated the performance of their
biomimetic compounds with a wide range of oxidoreductase
biocatalysts, in particular enzymes belonging to the family of the
"ene"-reductases. These enzymes catalyse the asymmetric reduction of
activated alkenes and their activity can be exploited for the synthesis of
high value chemical products such as pharmaceuticals and
agrochemicals.

The researchers elucidated the performance of the biomimetics through
steady-state and rapid-reaction kinetics as well as the analysis of the X-
ray crystal structures of the biomimetics in complex with the ene-
reductase XenA. The analysis of the kinetic parameters shows that, in
selected cases, these biomimetics outperform the natural coenzymes.
That laboratory-based designs can outperform those available in Nature
is quite notable.

Moreover, the biomimetics have been successfully applied to the
asymmetric catalytic reduction of activated alkenes. It is noteworthy that
the biomimetics could be employed in catalytic amount as they were
recycled in situ at the expense of formate.

A future for redox biocatalysts

The HIMS Biocat researchers conclude that the implementation of these
synthetic biomimetics - as well as the design of more sophisticated
analogues capable of operating with a variety of other oxidoreductases -
will facilitate the use of redox biocatalysts in chemicals production and
thereby transform the use of oxidoreductases more widely in industrial
biocatalysis.
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They expect that the "Better-than-Nature" biomimetics can find
widespread application in fine and specialty chemicals production by
harnessing the power of high stereo-, regio-, and chemoselective redox
biocatalysts and enabling reactions under mild conditions and at low
cost.

  More information: Tanja Knaus et al. Better than Nature:
Nicotinamide Biomimetics That Outperform Natural Coenzymes, 
Journal of the American Chemical Society (2016). DOI:
10.1021/jacs.5b12252
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