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Introduction

Alcohol dehydrogenase (ADH) is beneficial for the synthesis of chiral alcohols for various
intermediates. In this study, a novel Geotrichum candidum acetophenone reductase (GcAPRD) is
utilized for enantioselective reduction. The substrate specificity and enantioselectivity are further
controlled through rational design. Structural analysis and docking simulations were performed
to elucidate the mechanism of GcAPRD.

Results and Discussion

1. Enantioselective reduction by GcAPRD wild type

Most ADHs, including GcAPRD wild type, can reduce “easy-to-resolve” ketones with significant
size differences between substituents to the carbonyl carbon. On the other hand, the reduction of
“difficult-to-resolve” ketones with similar substituents to the carbonyl carbon is challenging.
GcAPRD wild type reduced “difficult-to-resolve” ketones with excellent enantioselectivities. For
example, it reduced 3-hexanone (ethyl propyl ketone) with >99% ee (S), the highest reported
among enantioselective reduction by non-enzymatic or enzymatic catalysis, to my knowledge.

2. Engineering of GcAPRD by rational design

Despite the advantages of GcAPRD wild type, it could not reduce “bulky-bulky” ketones with
both bulky substituents to the carbonyl carbon, and could not produce (R)-alcohol, although both
(S)-and (R)-alcohols are needed as intermediates. GcAPRD Trp288 mutants with an enlarged
small binding pocket were created, expanding of the substrate specificity towards bulky-bulky
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3. Mechanism elucidation of GcAPRD by structural analysis and docking

The crystal structure of GcAPRD wild type was solved prior to docking simulations to understand
the highly enantioselective reduction of 3-hexanone. Docking simulations indicated that only the
pro-S binding pose of 3-hexanone was productive to produce the corresponding (S)-alcohol, and
a C-H-- -z interaction formed by residue Trp288 was important to stabilize this pro-S binding pose
(Fig. 2a). Next, docking simulations were performed to understand the enantioselectivity
inversion of GcAPRD Trp288 mutants. The pro-R binding pose of 4-octanone in the Trp288Val
model structure was productive to produce the corresponding (R)-alcohol. A van der Waals
interaction formed by the C, of Gly94 and the butyl substituent stabilized the pro-R binding pose
(Fig. 2b). Gly94 was located in a loop previously covered by Trp288 in the wild type.

-

Fig. 2 Binding poses of a 3-hexanone in the GcAPRD wild type crystal structure and

b 4-octanone in the GcAPRD Trp288Val model structure.
Conclusions
GcAPRD wild type reduced “easy-to-resolve” and “difficult-to-resolve” ketones with excellent
(8)-enantioselectivities. GcAPRD Trp288 mutants reduced bulky-bulky ketones with high (R)-
enantioselectivities. Structural analysis and docking simulations indicated important interactions
to explain the observed excellent enantioselectivity and enantioselectivity inversion. This precise

enantioselectivity control mechanism is valuable to tailor other enzymes in the future.
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