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Expanding Bioprocesses through Abiotic Enzymatic Transformations

Shunsuke Kato, Engineering Biology Research Center, Kobe University

Introduction

With the rapid advancement of biotechnology, biocatalysis using enzymes and microorganisms has emerged as a next-
generation reaction platform that complements and replaces conventional chemical synthesis. However, naturally
occurring enzymes are inherently limited in their ability to catalyze the full range of transformations required in modern
organic synthesis. In fact, compared to the vast repertoire of reactions developed by organic chemists, the diversity of
enzymatic reactions found in nature remains surprisingly restricted. Consequently, the scope of chemical
transformations accessible through biocatalysis is largely confined to naturally evolved metabolic reactions. To address
this limitation, | aimed to expand the utility of biocatalysis toward non-natural transformations by developing enzymes
capable of catalyzing abiotic chemical transformations.

Discovery of Microbial Enzymes for Stereodivergent Carbene Transfer Reactions

In this study, | first focused on abiotic carbene transfer reactions and explored microbial enzymes capable of catalyzing
the cyclopropanation of styrene (1) with ethyl diazoacetate (2)."” In addition to a set of previously studied enzymes,
comprehensive screening of diverse heme-dependent enzymes derived from various microorganisms was performed.
Screening of 96 heme proteins revealed that microbial globins exhibit significantly higher catalytic activity and
stereoselectivity compared to other heme-dependent enzymes. For example, a globin derived from Starkeya novella
(SnVVHb) showed exceptionally high catalytic activity (ke = 4.9 X 10* min™, Ku = 3.4 mM) and afforded the trans product
(5.5)-3 with excellent stereoselectivity (trans : cis = 99:1, 99:1 eur.). To further rationalize these findings, we performed
principal component analysis (PCA)-based

C Et

clustering of globin sequences, enabling PR + B =r ‘/—\\cozgt Ph/A(;oa PhAcozE: PR’ CosEt
visualization and classification of sequence features 1 2 (S (S (BSH
in a two-dimensional space. Notably, the resulting SnVHb C-F1D cromatogrash PcaTrHb 61D chromatogrsph
clusters correlated well with stereoselectivity in uplia E53 ©sre gy (RRFS RS
the cyclopropanation reaction. Guided by this %f;’;.z,, Ph/&coza h A‘co,a
clustering, systematic enzyme screening led to the >00:1 dr. >99:1 er. T ol © 937 dur. 4:96 er. ity ©
identification of additional globins (PcaTrHb,
SavTrHb, MgGCS) capable of selectively producing FRER — — e _— -
the previously inaccessible stereoisomers (R,R)-3, A “ ﬁ -'A»
(&.R)-4 and (R.S)-4. These results demonstrate that O { e

3:97d.r. >9%:1er. miantlor {mie) 12:88 d.r. 991 er. Isbention (i)

all four stereoisomers of cyclopropanation

products can be selectively synthesized through Figure 1. Stereodivergent cyclopropanation catalyzed by
stereodivergent biocatalysis (Figure 1). microbial globins

Discovery of Microbial Enzymes for Abiotic Radical Reactions

This database-driven enzyme discovery approach was

further extended to develop biocatalysts for other types of 0 Q g 9

abiotic transformations beyond carbene transfer reactions. )LCOZH Br\HLO ——— OEt

Inspired by radical mechanisms of N-heterocyclic carbene 5 e variants 2

(NHC) organocatalysis, microbial enzymes that utilize 87% yield

thiamine diphosphate and flavin cofactors were

investigated.® As a result, acetolactate synthase from @ 0

Thermobispora bispora (TbALS) was found to catalyze \])L

radical acylation reactions of a-bromo esters 6 and COZH TOALS variants

N-acyloxyphthalimides 8 using a-keto acids 5 as acyl Blue LED 9
56% yield

donors (Figure 2). Notably, TbALS exhibited high efficiency

even for reactions involving unstable radical intermediates, Figure 2. NHC-mediated radical acylation catalyzed by
such as primary and secondary carbon-centered radicals, TbALS
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highlighting its unique catalytic capability from an organic chemistry perspective.

In addition, | developed abiotic radical transformations based on the reaction module of aldoxime dehydratase (Oxd).*
Direct cleavage of the N-OH bond of oximes to generate iminyl radicals is challenging in synthetic chemistry due to
competing O-H bond cleavage and the poor leaving ability of hydroxyl groups. By leveraging the intrinsic catalytic
mechanism of Oxd, | envisioned repurposing this system for abiotic radical reactions of iminyl radical chemistry.
Screening of diverse microbial Oxd enzymes identified an enzyme from Nocardioides simplex (NsOxd) that efficiently
catalyzes the radical ring-opening of cyclobutanone oximes
10, affording r-cyanosulfinic acids 11 in high yield (>95%) HO.

N Osg-OH
(Figure 3). Time-course analysis revealed that this reaction o
. S . ph * Na,S,0y ——————— NG Ph
proceeds to completion within 10 minutes atroom NsOxd
temperature, significantly outperforming conventional 10 1
>95% vield

chemical catalysts that require elevated temperatures and
prolonged reaction times. Figure 3. Radical ring-opening reaction of cyclobutanone
oximes catalyzed by NsOxd

Future Perspectives

In future work, we aim to integrate these abiotic enzymatic transformations into intracellular metabolic networks and
expand them toward bioproduction. By combining non-natural reactions such as carbene transfer and radical
transformations with native metabolic pathways, it will become possible to construct non-natural biosynthetic pathways
that enable the microbial production of structurally diverse molecules inaccessible through natural metabolism.
Furthermore, integration with metabolic engineering strategies, including optimization of cofactor supply and
intracellular environments, will facilitate the development of practical and scalable production systems. This approach is
expected to establish a new paradigm in which chemistry-inspired enzymatic transformations are embedded within
living systems, thereby expanding the scope of biosynthesis and enabling next-generation bioproduction.®
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