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The International Society of Rare Sugars (ISRS) defines rare sugars as monosaccharides and their de-
rivatives that rarely occur in nature. Rare sugars have recently received much attention because of
their many uses including low-calorie sweeteners, bulking agents, and antioxidants, and their various
applications including as immunosuppressants in allogeneic rat liver transplantation, as potential in-
hibitors of various glycosidases and microbial growth, in ischemia-reperfusion injury repair in the rat
liver, and in segmented neutrophil production without detrimental clinical effects. Because they rarely
exist in nature, the production of rare sugars has been regarded as one of the most important research
areas and, generally, they are produced by chemical synthesis. However, the production of rare sugars
by bioconversion using enzymes from microorganisms has been receiving increased attention as an
environmentally friendly alternative production method. In particular, D-allulose, D-allose, and D-ta-
gatose are of interest as low-calorie sweeteners in various industries. To date, D-tagatose 3-epimerase,
D-psicose 3-epimerase, and D-allulose 3-epimerase have been reported as D-allulose bioconversion en-
zymes, and L-thamnose isomerase, Galactose 6-phosphate isomerase, and Ribose 5-phosphate isomer-
ase have been identified as D-allose production enzymes. Elsewhere, D-tagatose has been produced
by L-arabinose isomerase from various microorganisms. In this study, we report the production of
D-allulose, D-allose, and D-tagatose by microorganism enzymes.
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Table 1. Functions and applications of rare sugars

Classification Monosaccharides Function and Application
D-Lyxose Stater of anti-tumor
D-Arabinose Stater of anti-tumor, Precursor of mytansinoid and azinomycin
Pentose D-Ribose Inhibitor of Hepatitis B virus (HBV) and Epstein Barr virus (EBV)

D-Xylulose Inhibitor of glycosidase, Antidiabetic

L-Lyxose Starter of anti-tumor

Xylitol Anticacity, Low calorie sweetener

D-Tagatose Bulking agent, Functional sweetener

D-Allulose Inhibition of fat synthesis, Low calorie

D-Allose Immunosuppressor, Inhibition of Cancer cell

D-Sorbose Starter of L-threo-2,5-hexodiulose

D-Gulose Food additives, Drug hoof shaped material

D-Fructose Insecticide, Glycosidase inhibitor, Antidiabetic

Hexose o

D-Tagatose Starter of 1-deoxygalactonojirimycin

L-Glucose Starter of glycoconjugate vaccine

L-Idose Heparan sulfate synthesis

L-Talose L-talofuranosyladenine

L-Sorbose Starter of L-threo-2,5-hexodiulose

Talitol Glycosidase inhibitor, Antidiabetic
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Fig. 1. Bio-conversion of D-allulsoe from D-fructose by enzymes
from microorganisms. DTEase and DAEase mean D-ta-
gatose 3-epimerase and D-Allulose 3-epimerase, respec-
tively .
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Fig. 2. Rare sugars produced by epimerization reaction of DTEase
and DAEase. Various rare sugars can be produced by
epimerization at a C-3 position on D,L-form aldo-hexo-
ses, keto-hexoses, aldo-pentoses, and keto-pentoses by
DTEase and DAEase from environmental microorgan-
isms.
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Fig. 3. Bio-conversion of D-allose from D-allulose by enzymes
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isomerase, and L-rhamnose isomerase, respectively.
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Fig. 5. Bio-conversion of D-tagatose from D-galactose by enzymes
from microorganisms. Arabiase means L-arabinose isom-
erase.
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Fig. 6. Rare sugars produced by Isomerization reaction of Ara-
biase. Various rare sugars can be produced by isomer-
ization of aldo-hexoses and aldo-pentoses having hy-
droxyl groups oriented in the right-handed and left-
handed configuration at C-2 and C-3 position, respec-
tively by Arabiase from environmental microorganisms.
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