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Abstract Xylitol enzymatic production can be an alternative to chemical and microbial
processes, because of advantages like higher conversion efficiency. However, for an
adequate conversion, it is necessary to investigate the effect of many parameters, such as
buffer initial concentration, pH, temperature, agitation, etc. In this context, the objective of
this work was to evaluate xylitol enzymatic production under different Tris buffer initial
concentrations in order to determine the best condition for this parameter to begin the
reaction. The best results were obtained when Tris buffer initial concentration was 0.22 M,
reaching 0.31 g L™" h™" xylitol volumetric productivity with 99% xylose—xylitol conversion
efficiency. Although the increase in buffer concentration allowed better pH maintenance, it
hindered the catalysis. The results demonstrate that this bioreaction is greatly influenced by
involved ions concentrations.

Keywords Enzymatic process - Glucose dehydrogenase - Polyalcohols - Tris buffer -
Xylitol - Xylose reductase

Introduction

Xylitol is a polyalcohol which has real applications in the odontological and food industries
and interesting properties for pharmaceutical and cosmetic products. It is an alternative
sweetener with anti- and noncariogenic characteristics [1, 2]; indeed, it is the sweetest
among the polyalcohols [3] with similar sweetener strength as sucrose [4]. Additionally,
xylitol does not require insulin for its metabolism [5-7]; hence, it can be consumed by
diabetic. The largest application of xylitol is currently in oral products such as toothpaste,
gum, mouthwash, and nasal spray among others. This compound is elaborated through a
chemical reaction, which requires operational conditions of high temperature and pressure
as well as extensive stages of upstream and downstream processing [8—10]. These facts
motivated researchers to investigate new alternatives for xylitol production, aiming a
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reduction of the production costs. A promising option is the microbiological conversion of
xylose to xylitol, a process in which mild operational conditions are used and the stages of
upstream and downstream are simplified [11, 12]. Despite the intensive research in the last
decades, there are some limitations that have not yet been surpassed in the fermentative
process such as low xylose uptake, consequently low volumetric productivity, and xylose
misuse. The advance of biotechnology made possible a second alternative to produce
xylitol, the enzymatic or in vitro path. So the main disadvantages of the traditional
processes are surpassed. In this process, xylose is converted into xylitol by the enzyme
xylose reductase (E.C. 1.1.1.21) from Candida guilliermondii FTI 20037 using the
coenzyme nicotinamide adenine dinucleotide phosphate (NADP) in its reduced form
(NADPH). In addition, this reaction is assisted by a coupled enzymatic conversion in order
to regenerate NADPH using the glucose dehydrogenase (E.C. 1.1.1.119) system. A simple
scheme of the process is presented in Fig. 1. It must be mentioned that no literature was
found in the last 10 years about this xylitol enzymatic process. This fact emphasized the
necessity to investigate this alternative. It is known that ions, and consequently buffers,
have great influence on enzymes behavior, in which the effect can be positive or negative
depending on the ion, its concentration, and of course, the enzyme. In this context, the
present work had as objective to evaluate the xylitol enzymatic production under different
Tris buffer initial concentrations aiming to determinate an appropriate concentration to start
the reaction. Tris buffer was the only buffer studied because previous experiments with
different buffers showed that xylose reductase is negatively influenced by inorganic cations,
like Ca™ and Na". This was also observed by Nidetzky et al. 1996 [13] for xylose reductase
from Candida tenuis. For this purpose, batch assays for xylitol obtainment were carried out
in an enzymatic reactor containing xylose reductase, xylose, NADPH, and an in situ
NADPH enzymatic regeneration system composed of glucose dehydrogenase and glucose.

Materials and Methods
Pre-purified Xylose Reductase Extract Preparation

A pre-purification is required in order to separate Xxylose reductase from xylitol
dehydrogenase to avoid xylitol loss by its transformation in xylulose by this last enzyme.
The pre-purified xylose reductase extract used in the reactions was prepared in three
steps: C. guilliermondii FTI 20037 cultivation, cell disruption, and reverse micelle
technique. The first step, cell cultivation, was performed in a batch system in a bioreactor
BIOFLO III of 1.25 L (New Brunswick Scientific Co. Inc., Edison, New Jersey, USA).
The fermentation media total volume was 1.0 L, containing 50 g L' xylose, 3 g L'

XYLOSE
REDUCTASE

XYLOSE —_ XYLITOL
NAD(P)H+H*  NAD(P)*

GLUCONATE .. = GLUCOSE

GLUCOSE
DEHYDROGENASE

Fig. 1 Xylitol enzymatic production with a coupling coenzyme enzymatic regeneration system
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ammonium sulfate, 10% v v ! rice bran extract, 0.1 g L ! calcium chloride, and 0.1% v v'!
antifoaming (silicone base). The pH, dissolved oxygen, and temperature were kept at 5.50,
50%, and 30°C, respectively. Initial concentration of C. guilliermondii FTI 20037 was
1.0 Zaryweight L', The cells were previously revived in Erlenmeyer flasks using a rotary
movement shaker at 200 rpm and 30°C. Revive media consisted of the same compounds as
described above but using a xylose concentration of 30 g L™'. The crude xylose reductase
extract was obtained by the microbial cells disruption under vortex agitation using glass
pearls (0.5-mm diameter). The used conditions for the disruption were previously determined
by Gurpilhares et al. [14]. Finally, the pre-purified xylose reductase extract was produced by
reverse micelle technique using Cetyl trimethylammonium bromide (CTAB)-reversed-micelles
in isooctane, hexanol, and butanol by a two-step procedure [15]. Firstly, 3.0 ml of the crude
extract was mixed with an equal volume of micellar microemulsion (CTAB in isooctane/
hexanol/butanol/water). This mixture was agitated on a vortex for 1 min to obtain the
equilibrium phase and separated into two phases by centrifugation at 6,570xg for 10 min
(Jouan Centrifuge model 1812, Saint-Herblain, France). Afterwards, 2.0 mL of CTAB-
micellar phase was mixed with 2.0 mL of fresh aqueous phase (acetate buffer 1.0 M at pH 5.5
with 1.0 M NaCl), in order to transfer xylose reductase from the micelles to this fresh
aqueous which was finally collected by centrifugation (6,570xg; 10 min).

Enzymes Assays

Xylose reductase activity was determined by spectrophotometric analysis using NADPH as
the detecting parameter at 25°C and 340 nm in a medium composed of 350 pL Tris buffer
(70 mM, pH 7.2), 50 uL NADPH (1.2 mM), 50 uL xylose (2.0 M), and 150 pL of the
enzymatic extract. The glucose dehydrogenase activity was also determined by spectro-
photometric analysis using the same conditions. The medium was composed of 350 uL Tris
buffer (70 mM, pH 7.2), 50 uL NADP (1.2 mM), 50 uL glucose (1.5 M), and 150 pL of
the enzymatic extract. The absorbance variation at 340 nm of the assay against a blank
without enzyme was monitored for 1 min. The activity was calculated from the slope of the
absorbance versus the time curve by using the apparent molar extinction coefficient of
6.22 mmol ' cm™' for NAD(P)H. One xylose reductase or glucose dehydrogenase unit (U)
was defined as the amount of enzyme catalyzing the formation of 1 umol of NADP or
NADPH per minute at the assay conditions. The volumetric activity was expressed as unit
per milliliter (extract volume).

Enzymatic Reactions

The enzymatic reactions were carried out in an adapted module BIOFLO III (New
Brunswick Scientific Co. Inc., Edison, New Jersey, USA). In all assays, the temperature
and pH were kept at 25°C and 7.0, respectively. The xylose, glucose, and NADPH were
11 g L', 15 g L', and 0.2 mM, respectively. The xylose reductase and glucose
dehydrogenase volumetric activities were 0.2 U mL™'. The xylitol enzymatic production
was evaluated under 0.07, 0.22, 0.50, and 1.00 M Tris buffer initial concentrations.
Assays were done in triplicate.

Quantification of Xylose and Xylitol

Xylose and xylitol concentrations were determined by high performance liquid chroma-
tography using Waters equipment (Waters, Milford, MA, USA) with a refractive index
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detector (model 2414) and a HPX-87H column (Bio-Rad, Hercules, CA, USA). The
operational conditions were temperature of 45°C, 0.005 M sulfuric acid as eluent, flow of
0.6 mL min ', and injection volume of 20 L.

Results and Discussion

Since the beginning of enzymology, studies have observed that free ions influenced
enzymes activity. Most recently, the application of enzymes in bioproduction showed how
important it is to know the most appropriate buffer and its concentration for a successful
catalysis [13]. Therefore, batch bioreactions under different Tris buffer initial concentration
were carried out to study its influence on xylitol enzymatic process. Four different
concentrations of Tris buffer were tested (0.07, 0.22, 0.50, and 1.0 M). Experiments were
performed in triplicate and only the arithmetic means of the results are presented. The
concentration of xylose and xylitol during the assays are shown in Figs. 2 and 3 and
presents the pH value as a function of the reaction time. Figure 2 shows that xylitol is
formed in all experiments, however, at different rates. In fact, a decay can be observed at
xylitol formation rate after 12 h for all the experiments, probably due to the decrease of
available NADPH. The volumetric productivity varied between 0.08 and 0.31 g L' h™'
after 12 h. In all experiments, the efficiency values during the entire reaction course were
near the stoichiometric, demonstrating that there were no side reactions between the main
catalysis and the coenzyme regeneration system. The pH value decreased in all experiments
as shown in Fig. 3 because of gluconic acid production from the coenzyme regeneration
system. Further, Fig. 3 shows that an increase in the buffer concentration resulted in a better
maintenance of the pH value (around 7.0), which would be the adequate for the process,
since (1) it is the optimum pH for xylose reductase and (2) due to pH maintenance in that
optimum. However, the results indicated that for this condition, almost no xylitol was
formed as seen in Fig. 2. This fact can be explained by the excess of ions which can interact
with the enzyme(s) polar parts, changing its form, hindering the conversion, or even
inactivating the enzyme(s). A high ionic force can also reduce the available water and
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Fig. 2 Xylose (black) and xylitol (dash) concentrations as a function of the reaction time for the different
used Tris buffer initial concentration, (filled square) 0.07, (filled circle) 0.22, (filled triangle) 0.50, and (filled
diamond) 1.0 M. Error bars for each experimental data are also shown
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Fig. 3 pH as a function of the reaction time for the different used Tris buffer initial concentration, (filled
square) 0.07, (filled circle) 0.22, (filled triangle) 0.50, and (filled diamond) 1.0 M. Error bars for each
experimental data are also shown

consequently affect enzyme(s) solubility, therefore, compromising the biocatalysis. The best
buffer concentration found was 0.22 M. At this condition, 3.7 g L™" xylitol were produced
after 12 h of reaction, which corresponded to a 0.31 g L™' h™" xylitol volumetric
productivity. This result was six times higher than the experiment using 1.0 M Tris buffer.
This was the best experimental condition, probably due to an appropriate ion concentration,
which made possible the control of pH in an adequate region (5.0-7.2) for longer and did
not interfere in the enzyme(s) activity. According to the literature, the chemical and
microbial processes have an average efficiency of 55% [8, 13] and 70-80% [16],
respectively. In the enzymatic way, it was obtained in 99-102%. By comparing the
volumetric productivity, the best result showed in this work is still lower than that of
microbial process, which can reach values of 1.50 g L' h™' [17, 18] using batch
fermentations in synthetic media. However, it must be considered that the results presented
in this work are merely preliminary and can still be greatly improved.

Conclusions

The results presented in this work showed the importance of the buffer concentration in an
enzymatic reaction. It was obvious that xylitol enzymatic conversion is highly dependent on
the Tris buffer concentration. The best volumetric productivity result was observed when
the initial Tris buffer concentration was 0.22 M. An increase in the concentration from this
point hindered the biocatalysis. Finally, a comparison between the results observed in this
work and in the literature demonstrated the potential of the xylitol enzymatic conversion as
a new alternative for the conventional production.
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