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Abstract: Xylitol is an important prebiotics, and it is widely used in the fields of medicine and food. In view of the drawbacks
of chemical method, much focus has been attracted into the study of xylitol biosynthesis. In this study, microorganism, method
and key enzymes in the biosynthesis of xylitol were introduced. In addition, the production of xylitol from glucose by genetically
engineered strains was summarized respectively.
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1. Introduction
Xylitol, a kind of five carbon sugar, can be used as a
substitute of sweeter, and it is a natural prebiotics with high
nutritional value and low-energy. As the metabolism
intermediate of carbohydrate, xylitol do not consume insulin
after consumption. Considering the special anti-caries
function, xylitol can be applied as diabetes, nutritional
supplements, therapeutic agents and children caries food. In
addition, since xylitol also has many excellent properties
similar to glycerol and other polyols, it was widely used in the
fields of pharmaceutics, chemistry, leather, coatings and food
industries [1, 2].
At present, xylitol was mainly produced by chemical
method of acidification and hydrogenation and
semi-biological method of microbial fermentation of
hemicellulose hydrolysate. In the semi-biological method,
several natural xylose-fermenting yeasts can convert D-xylose
to xylitol through reduction by a Nicotinamide Adenine

Dinucleotide (Phosphate) (reduced) (NAD (P) H)-dependent
xylose reductase (XR) [3]. Both of the methods rely on the
hydrolysis
and
purification
of
D-xylose
from
hemicellulose-xylan hydrolysates. There are many serious
drawbacks in this process, such as high consumption of
acid-base, heavy environmental pollution and complicated
technology. These drawbacks have limited the large scale
production of xylitol greatly [4-6]. Therefore, the
whole-biological method for producing xylitol has attracted
worldwide attention. In this study, the microbes, method and
key enzymes in the biosynthesis of xylitol are introduced and
the production of xylitol from glucose by genetically
engineered strains was also summarized.

2. Microorganisms with the Ability of
Producing Xylitol
Many microbes including yeast, mold and actinomycetes,
can use xylose and glucose as co-substrate to produce xylitol
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(Figure 1). And a few bacteria can also generate xylitol from
this co-substrate, such as Enterobacter liquaefaciens and
Myobactenum smegmatis. When using mold and
actinomycetes, only a small amount of xylitol can be
produced. Yeast has excellent properties in the production of
xylitol using xylose/glucose co-substrate. Several natural
xylose-fermenting yeasts, such as Candida sp., Pichia
stipites, Aspergillus carbonarius, Debaryomyces nepalensis,
Schefferomyce stipitis and Pachysolen tannophilus, can use
this co-substrate to generate xylitol [3, 7, 8]. Usually,
Candida genus has strong ability of producing xylitol, such
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as Candida tropicalis and Candida guilliermondii being able
to convert 90% xylose to xylitol in 24 h. However, these
natural yeasts require a well-controlled supply of oxygen and
are sensitive to ethanol levels, which limit their use [3].
Other species including P. stipitis and Saccharamyces
cerevisiae, which are widely used as host strains, also have
strong ability of production xylitol. So far, no bacteria in
nature can bio-converse sole glucose to xylitol directly.
Osmophilic yeasts were usually used first for producing
D-arabitol from glucose, and then D-arabitol was
metabolized to xylitol by Gluconobacter sp. [1, 9].

Figure 1. The possible biosynthetic pathway for conversion of glucose to D-arabitol in yeast.

3. Whole-Biological Method
As early as the last century, Onishi and Suzuki had already
disclosed the preparation of xylitol through multi-step process
using multi-bacteria [10]. The process included three steps as
shown in Figure 2: First, D-arabitol was produced efficiently
from glucose by fermentation with osmophilic yeasts; Second,
the D-arabitol was oxidized to D-xylulose with Acetobacter
suboxydans; and Third, the D-xylulose was reduced to xylitol
using yeast of Candida guilliermondii [11]. However, only about
9.0 g/L xylitol with a yield of 11% was produced from 77.5 g/L
glucose after 211 h of fermentation using the above process [12].
Because of the long time process and low yield, this method has
not been applied in practice. In 2002, Suzuki, et al. isolated a
strain of Gluconobacter oxydan, which can convert D-arabitol to
xylitol by one step [13]. Therefore, the multi-step biosynthesis
process of xylitol could be simplified into two steps. In the first
step, the bio-conversion of D-arabitol from glucose was also

executed by osmophilic yeasts. And in the second step, G.
oxydans was used merely for converting D-arabitol to xylose,
which involved the oxidation of D-arabitol to D-xylulose by
D-arabitol dehydrogenase (ArDH), and the followed reduction of
D-xylulose to xylitol by xylitol dehydrogenase (XDH) [9]
(Figure 3).

Figure 2. Schematic plot of xylitol production by multi-bacteria.
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from A. suboxydans and Gluconobacter sp. were cloned,
expressed and characterized [9, 16]. In view of the cofactors
NADH/NAD+ imbalance during the conversion of D-arabitol to
xylitol, this kind of NAD-dependent ArDH may be preferable to
the biosynthesis of xylitol.

Figure 3. The biotransformation of D-arabitol to xylitol in G. oxydans.

However, the yield of xylitol by whole-biological method
was relatively lower to be industrialized compared with
chemical method. With the development of gene engineering
technology in microbial biotransformation, it will be
facilitated that xylitol is produced from glucose by genetically
engineered strain efficiently.

4. Key Enzymes in the Pathway of Xylitol
Biosynthesis
4.1. Xylitol Dehydrogenase
Xylitol dehydrogenase (XDH, EC1.1.1.9) belongs to a
family of short-chain dehydrogenase with a molecular weight
of about 28 kDa. It is one of the key enzymes in the xylose
metabolism of yeast and D-xylulose metabolism of
Gluconobacter sp. In this process, xylose is first converted to
xylitol by XR and then xylitol is catalyzed to D-xylulose by
XDH. XDH is a homodimer in 3 D structure, and its active site
is highly conserved. XDH is a two-way enzyme, and requires
cofactors NADH or NAD+ in the forward and reverse reactions.
Since the redox reaction is carried out in an unbalanced manner
between XR and XDH due to the different coenzyme, xylitol is
accumulated in this process. The biosynthesis of xylitol can be
enhanced by providing sufficient Nicotinamide Adenine
Dinucleotide (reduced) (NADH). Compared with the addition
of expensive NADH, the method of coenzyme regeneration
according to the mechanism of NADH/ Nicotinamide Adenine
Dinucleotide (NAD+) is more economical. It was reported that
xylitol production was improved by increasing the coenzyme
regeneration efficiency of the pentose phosphate pathway via
overexpression of Glucose-6-phosphate dehydrogenase
(G6PDH) and 6-phosphogluconate dehydrogenase (6PGDH) in
G. oxydans [14].
4.2. D-Arabitol Dehydrogenase
D-arabitol dehydrogenase (ArDH, EC1.1.1.11) is an important
dehydrogenase in the process of pentose metabolism. It can be
divided into two types according to its product in the
dehydrogenation: one is ribulose, and the other is D-xylulose.
ArDH is a one-way enzyme, and usually it is located in the cell
membrane or cytoplasm. Most of ArDHs use Nicotinamide
Adenine Dinucleotide Phosphate (NADP+) as a cofactor, and
only a few of them are both NADP- or NAD-dependent. Until
now, at least two NADP-dependent ArDH genes had been cloned
from G. oxydans ATCC 621 [13] and G. oxydans CGMCC 1.110
[15]. It is noteworthy that two novel NAD-dependent ArDHs

5. Production of Xylitol by Genetically
Engineered Stains
Xylitol can be produced from glucose using yeast plus
Gluconobacter sp. Since glucose can be derived from the starch
of resource-rich cassava, corn and other crops, the production of
xylitol using glucose as substrate has attracted the attention of
many researchers and motivated the sustainable development of
xylitol industry [17, 18]. During this process, D-arabitol is
generated through conversion of glucose by osmophilic yeast
first. Then, D-arabitol is converted finally to xylitol by ArDH
and XDH. It has showed that glucose can be converted to
D-arabitol by strains of osmotolerant yeast efficiently [13], and
that the maximum D-arabitol production of 93.48±2.79 g/L and
volumetric productivity of 1.380 g/L h could be achieved from
200 g glucose by Zygosaccharomyces rouxii JM-C46 and
Kodamaea ohmeri [19, 20]. Besides, the conversion of
D-arabitol to xylitol by ArDH and XDH is the rate-limiting step
[14, 21, 22], therefore, much focus has been attracted into the
study in this area. So far, the yield of D-arabitol to xylitol had
been achieved more than 83% by genetic engineering strains of
BL21-xhd and Gluconobacter oxydans [1], and 87% by genetic
engineering strains of BL21-xhd and BL21-xdh through the
co-biotransformation of whole cells. The xylitol production was
increased by more than two times as compared with that of
Gluconobacter sp. alone, and was improved 10.1% than that of
Gluconobacter sp. mixed with BL21-xdh [9].
Furthermore, construction of coenzyme regeneration system,
such as G6PDH/6PGDH, glucose dehydrogenase/alcohol
dehydrogenase, can reduce the amount of exogenous NADH,
and is economically feasible for xylitol production in industrial
bioconversion. In a previously report, G6PDH/6PGDH was
used for the system of coenzyme regeneration in G. oxydans.
Approximately 29.3 g/L xylitol was obtained, with a yield of
73.2%, from 40 g/L D-arabitol in the batch biotransformation,
and the xylitol productivity (0.62 g/L/h) was 3.26-fold of the
wild type strain (0.19 g/L/h) in repetitive batch
biotransformation [14, 21, 22]. Hence, NADH supply can be
enhanced by regeneration system in the conversion and is
beneficial to the practical synthesis of xylitol.

6. Conclusion
Xylitol production based on D-arabitol which can be
biosynthesized by osmophilic yeast from the cheap substrate
of glucose is an economical, effective and less pollution
method. There are several studies on genetically engineered
strains to produce xylitol, and various progresses had been
achieved recently. Although the coenzyme regeneration can
reduce the cost of xylitol production, this approach has still a
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certain distance from industrial production because of the low
efficiency of regeneration. Construction of high-efficiency
genetically engineered strains which can convert glucose to
xylitol in one-step may be a potential method for high
production of xylitol. Therefore, in order to compete with the
chemical method, more strategies including novel coenzyme
regeneration system, enzymes and strains modification should
be investigated to achieve industrial large-scale production.
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