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X 1 5 A REEREOBEMEMRRO T AURE (7, f8) 1%, AR LY 9.2°C
ER U, BB X DHEEMAINC Lo TE BT 12. 1C LR L7z,
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I VEIEH RO RIRILE GS-PCS 1D D 7 /b 30— AU 22%85 /0 L 7=,

2275 3Lk
1. Matsuzaki C. et al. Proc. Jpn. Acad. Ser. B 101(3):177-195 (2025)
2. Matsuzaki C. et al. J. Biosci. Bioeng. 113(5): 604-607 (2012)
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Understanding Rare Sugar Biosynthesis and the Role of Key Enzymes

Pushpa Kiran Gullapalli (R&D Center, Matsutani Chemical Industry Co., Ltd)

Abstract:

Rare sugars, which are monosaccharides found in limited quantities in nature, are
gaining attention as valuable bioactive compounds due to their diverse applications in
functional foods and pharmaceuticals. Their unique physiological properties, such as low
caloric value and potential health benefits, have spurred interest in developing scalable
production methods. Rare sugars can be synthesized via chemical, enzymatic and
microbial methods. Among these, enzymatic biosynthesis is particularly notable for its
high specificity, efficiency, and environmental sustainability. Key enzyme catalyzed
reactions in rare sugar production include isomerization, epimerization, and
oxidoreduction. These reactions enable the selective conversion of common sugars into
rare sugar analogs.

Isomerization: D-allose can be synthesized from D-allulose through an isomerization
reaction catalyzed by L-rhamnose isomerase. This reaction involves rearrangement of the
carbonyl group within the sugar molecule without altering the molecular formula (Fig. 1).
Epimerization: D-allulose is commonly produced from D-fructose via epimerization'.
This reaction is catalyzed by D-allulose 3-epimerase, which alters the configuration at a
single stereocenter (C-3 position) of the sugar molecule (Fig. 2).

Oxidoreduction: Although less frequently used, D-allulose can also be synthesized from
allitol through oxidoreduction reaction. In this process, the enzyme ribitol dehydrogenase
catalyzes the oxidation of sugar alcohol, facilitating the transfer of electrons to convert it

into the corresponding ketose (Fig. 3).

D-allulose 3-epimerase is a key enzyme in the synthesis of D-allulose, a rare sugar
gaining attention for its health and nutritional benefits. Advances in protein
engineering have significantly improved the thermostability of this enzyme by leveraging
insights from its amino acid sequence and structural modeling. These engineered variants
exhibit robust catalytic activity under industrial conditions, making them ideal for large-
scale D-allulose production®*. Comprehensive structural and functional analyses of D-
allulose 3-epimerase have deepened our understanding of its substrate specificity,
catalytic mechanism, and stability. These insights are crucial for further optimizing

enzyme performance and expanding its use in diverse biotechnological applications.
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In summary, integrating protein engineering with enzymatic optimization marks a
significant advancement in rare sugar production. This strategy enhances the catalytic
efficiency and stability of key enzyme D-allulose 3-epimerase, enabling manufacturing

processes that are more efficient, scalable, and environmentally sustainable.

oy =
L L-rhamnose H-¢-OH
¢ on isomera H C-OH
q C‘ OH somerase . C\ _OH
hion () Do,
[

CHZOH CHZOH

D-allulose D-allose

Fig.1 Schematic representation of D-allulose isomerization to D-allose

CH,OH

QHZOH
(F =0 C=0
o Cn e
H-C OH p H C OH
H- C‘D*OH H- C-OH
CH,OH CH,OH
D-fructose D-allulose

Fig.2 Schematic representation of D-fructose epimerization to D-allulose

_CHOH CH,0H
H (PO Ribitol C=0
H=¢-OH dehydrogenase H C-OH

\
H 9 OH H COH
H-(~OH H C OH
+ \
CH,0H NAD Li1 o
Allitol D-allulose

Fig.3 Schematic representation of allitol oxidation to D-allulose
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