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ABSTRACT

The effect of glucose on xylose-to-xylitol biocesie®m by Candidaguilliermondii was examined by adding it to
sugarcane bagasse hydrolysate medium to obtaierdiff glucose:xylose ratios (1:25, 1:12, 1.5 and.%). Under
experimental conditions, increasing glucose:xylosto improved the assimilation of the xylose présm the
hydrolysate by yeast, resulting in biomass increasd in the formation of xylitol and glycerol/eti@ by-products.
Maximum values of xylitol yield (0.59 ghgand volumetric productivity (0.53 g'.h™) were obtained with
glucose:xylose ratio of 1:5, resulting in the higleenversion efficiency (64.3%).
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INTRODUCTION due to an interaction between the different sugars
metabolisms resulting in poor xylose assimilation,

Xylose metabolism byCandida guilliermondii and hence greatly influence xylitol yield and
starts with the reduction of xylose to xylitol productivity (Tavares et al. 2000jccording to
catalysed by NADPH-dependent xylose reductasé/alker (1998), the presence of glucose in
(XR). Xylitol is oxidized to xylulose by NAD(B-  hemicellulosic hydrolysate can inhibit Xxylose
dependent xylitol dehydrogenase (XDH) andmetabolism by repression or inactivation of
XleIOSG is then, phosphory|ated to Xy|u|ose_5_CatabO|iC enzymes and transport system of this
phosphate, which can be converted in pyruvatBentose.

through a connection between pentose phosphdtgevious studies have shown that the presence of
(PPP) and glycolytic pathways (Hahn-Hagerdal eglucose can improve xylitol production during
al. 1994; Silva et al. 1996). The general patterfermentations in synthetic medium. Rosa et al.
observed for yeast batch cultivation on sugaf1998) observed an improvement of Xxylitol
mixtures is the inhibition or retardation of xyloseformation by C. guilliermondii in synthetic
utilization by the presence of glucose in themedium containing xylose (60 g)land glucose (5
growth media. The presence of this readilyd ") and according to Felipe et &l1993), this
metabolize hexose can induce regulatory problenigiprovement depended on glucose:xylose ratio.
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Sugai and Delgenes (1995) reported that th2002). Different agro-industrial and forest
glucose partially repressed the induction of aldoseesidues, such as sugarcane bagasse, wheat straw,
reductase ofC. guilliermondii by xylose, and the rice straw, oat hulls and eucalyptus wood have
intensity of the catabolite repression wasbeen employed for biotechnological xylitol
correlated to the glucose concentration in thebtention. An acid hydrolysis process is used to
induction system. separate hemicellulosic fraction. The concentration
The stimulation of xylose metabolism by glucoseof main sugars in the hydrolysate differ depending
can be explained by the generation of intermediargn the raw material utilized (Tab. 1); besides, the
metabolites for the initial steps of xylosesugar concentration and the proportion among
metabolism and the pentose phosphate pathwdljese sugars in the hydrolysates influence this
through glucose metabolism, since coenzymegrocess. Sugarcane bagasse hydrolysate is the
such as NADH and NADPH are essential for thenost used hydrolysate for biotechnological xylitol
enzymatic reduction of xylose with xylose production (Alves et al. 1998; Sene et al. 2001;
reductase (Meinander et al. 1999; Chung et aRodrigues et al. 2003a; Silva et al. 2004).

Table 1 Main sugars found in different hemicellulosic hydrolysates

. . T
Hemicellulosic Hydrolysate Sugars (g 1) _ Reference
Xylose  Glucose Arabinose
Sugarcane bagasse 18.24 1.20 1.71 Rodrigues et al. 2003b
Wheat straw 10.65 2.79 1.78 Canilha et al. 2003
Rice straw 18.33 3.29 3.40 Mussato and Roberto 2003
Oat hull 32.33 1.61 3.03 Felipe et al. 2003
Eucalyptus wood 19.17 2.54 0.41 Canettieri et al. 2002

Xylitol, commercially produced by chemical work was done to evaluate the effects of the
processes (Melaja and Hamaldinen 1977), hadifferent glucose: xylose ratios (1:25 1:12, 1:5,
attractive characteristics for food, pharmaceutical:2.5) on xylose-xylitol bioconversion during the
or odontological industries. Two of the mostcultivation of Candida guilliermondiiFTI 20037
significant characteristics are its high sweeteningn sugarcane bagasse hemicellulosic hydrolysate.
and anti-cariogenic power (Makinen et al. 2001).

Thus, its metabolism is independent of insulin and

it contributes less than other sugars to th&IATERIAL AND METHODS

formation of fat tissues, so xylitol is recommended

to diabetic and obese people (Aguiar et al. 199Wicroorganism and inoculum preparation

Makinen 2000). Besides these properties, recefhe experiments were carried out witQ.
researches have shown that xylitol prevents otitiguilliermondii FTI 20037 maintained at 4 °C on
(Uhari et al. 2000), osteoporosis (Matilla et al.malt-extract agar slants. The medium used for
2002) and respiratory infections (Zabner et alinoculum preparation contained xylose (30.0 |
2000). According to FDA (Food and Drug rice bran extract (20.0 ¢, (NH,),SO, (2.0 g 1)
Administration, USA), xylitol is classified as and CaGl.2H,0 (0.1 g 1. Erlenmeyer flasks (125
“GRAS” (Generally Recognized as Safe), and caml), each containing 50 ml of medium, were
be utilized alone or together with other sweetenerioculated and incubated in a rotary shaker (200
(Aguiar et al. 1999). rpm) at 30 °C for 24 h. Afterwards, the cells were
There are many studies about biotechnologicaleparated by centrifugation (2000 x g; 20 min),
xylitol production from sugarcane bagasse&insed twice with distilled water, and the cell pellet
hydrolysate and several parameters of thigvas ressuspended in an adequate volume of
bioprocess have been established. Howevedistilled water. The initial cell concentration for all
studies for better understanding of the metabolithe experiments was 1.0 |

pathways involved on xylose to xylitol

bioconversion are necessary, mainly about the

influence of glucose in this metabolism. Thus, this

Brazilian Archives of Biology and Technology



Improvement of Biotechnological Xylitol Productityy Glucose During 209

Preparation of the bagasse hydrolysate growth was monitored by measuring absorbance at
Sugarcane bagasse was hydrolysed in a 350 | st&€l0 nm (Beckman-DU 640B spectrophotometer).
reactor at 121 °C for 20 min with,HO, at 1:10 Cell concentration was calculated based on the
solid/liquid ratio (100 mg of kSO, per gram of relation of absorbance and cell dry weight through
dry matter). The hydrolysate was first filtered anda calibration curve. The oxygen transfer
concentrated at 70 °C under vacuum to obtain @olumetric coefficient (iKa) was determined by
threefold increase in the xylose content. Next, ithe gassing-out methodology (Pirt 1975). Xylose,
was submitted to a treatment consisting in pHylucose, arabinose and xylitol uptake rates were
adjustment to 7.0 with CaO (commercial gradefletermined by the analysis of angular coefficients
and to 2.5 with BPO,, followed by the addition of of the straight lines, using the range of higher
1.0% w/v activated charcoal (refined powder), follinearity [0-48].

30 min, under agitation (200 rpm, 60 °C). The

precipitate formed as a result of this treatment was

removed by vacuum filtration, and then theRESULTS

hydrolysate was autoclaved at 111 °C, for 15 min.,

in order to be used as the fermentation medium. Tne effect of the glucose:xylose ratio on sugars
consumption by C. gquilliermondii during

Medium and fermentation conditions fermentations in sugarcane bagasse hydrolysate is
The  concentrated and treated bagassgresented in Fig. 1. According to the results, the
hemicellulosic hydrolysate (xylose=46 g*,| xylose assimilation was influenced by glucose
glucose=1.8 g’l, arabinose=2.5 ¢'| acetic acid= concentration. These observations were confirmed
2.4 g I, total phenols=1.78 ¢} furfural= 0.011 g py the analysis of angular coefficients of the
I and hydroxymethylfurfural=0.004 g*) was straight lines, using the range of higher linearity
supplemented with rice bran extract (20.0"y | [0-48], which correlated the decrease in xylose
(NH4)2S0, (2.0 g IY) and CaGl2H,0 (0.1 g 1).  |evels and fermentation time. Increasing the initial
Experiments were performed in a KLF 2000glucose concentration in the medium favoured the
bench-scale fermentor (Bioengineering) with 1.6 kylose assimilation, except during the first 6 h of
of medium (initial pH = 5.5), at 30 °C, 500 rpm fermentation, period corresponding to glucose
and Ka of 17 K. To evaluate the effect of consumption. Also, it was possible to note that the
glucose: xylose ratio on xylose to xylitol jncrease in glucose:xylose ratio resulted in
bioconversion byC. guilliermondii, glucose was decrease in the xylose uptake rate (Fig. 1). For
added to the hydrolysate to obtain initial glucosgjlucose:xylose ratio of 1:2.5, xylose assimilation
concentrations of 4.0 g'l(glucose: xylose=1:12), was 10.8% higher than that observed for the
9.0 g I' (glucose: xylose=1:5) and 18.0 & | control medium (glucose: xylose ratio=1:25) after
(glucose: xylose=1:2.5). A control experiment waig h fermentation.

also performed with initial glucose concentrationGlucose, arabinose and acetic acid were totally
of 2.0 g I' (glucose: xylose=1:25 ratio, usually consumed in all fermentations (Fig. 1). Contrary to

found in hydrolysate). the behaviour observed for xylose consumption,
_ glucose:xylose ratio did not have any appreciable
Analytical methods effect on arabinose assimilation and it was not

The concentrations of xylose, glucose, arabinos@ossible to correlate the increase in glucose
xylitol, acetic acid, glycerol and ethanol wereconcentration in the fermentation medium and the
determined by HPLC (Waters, Milford, MA) with arabinose consumption . guilliermondii (Fig.

a refraction index detector on a Bio-Rad AminexiD). Arabinose assimilation was slow (around
HPX-87H at 45 °C, with 0.01 N 480, as the 0.03 g 1*h") and its rate was 90% lower than

eluent at a 0.6 ml mihflow rate. A Hewlett- xylose consumption rate. In relation to acetic acid
Packard RP 18 column at 25 °C with(Fig. 1B), whose consumption rate was around
acetonitrile:water (1:8) and 1% acetic acid as the,04 g I*.h* and was accomplished by raising the
eluent, and a 0.8 ml nifrflow rate was employed medium pH (data not shown), increasing the initial
for determination of  furfural and glucose concentration in the medium diminished
hydroxymethylfurfural concentrations in a visiblethe acid assimilation rate, as confirmed by the
ultraviolet-light detector (SPD-10UV-VIS). Cell
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analysis of angular coefficients of the straighglucose:xylose ratio of 1:5 after 72 h fermentation
lines, using the range of higher linearity [0-48].  (Fig. 3). In this condition, after 48 h, xylitol yield
The increase in glucose:xylose ratio also resultedas 15.7% higher and productivity was 23.3%
in improvement in the cell growth (Fig. 2) andhigher than those observed for the control medium
xylitol formation (Fig. 3). Glucose:xylose ratio of (Tab. 2). An improvement in the xylitol formation
1:2.5 resulted in cell growth 18.3% higher tharrate was also noted, as confirmed by the analysis
that observed for the control medium. Besidespf angular coefficients of the straight lines using
higher specific growth rate () and volumetric the range of higher linearity [6-48], when the
cell production rate (Qx) with an increase in initialmedium contained glucose:xylose ratio of 1:5 and
glucose concentration in hydrolysate werel:2.5 (Fig. 3). After 72 h, the decrease in xylitol
observed, except for glucose:xylose ratio of 1l:5¢concentration  coincided  with  the  total
for which the cell growth was around 22% lowerconsumption of xylose and partial consumption of
than that observed for the glucose:xylose ratio adrabinose and acetic acid, independently on
1:25 (Fig. 2B). glucose:xylose ratio in the fermentation medium
The lowest cell growth coincided with the highest(Fig. 3).

xylitol amount (26.9 g 1) also found with
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Figure 1 -(A) Xylose consumption (black symbol) and xylose kpteate -gs (white symbol), B)
acetic acid, €) glucose and[¥) arabinose concentrations during fermentations of
sugarcane bagasse hydrolysate HWyandida guilliermondii, with different
glucose:xylose ratios: 1:25 (down triangle), 1:1p ¢riangle), 1:5 (circle) and 1:2.5
(square).
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Table 2 The effect of glucose:xylose ratio on fermentafagameters after 48 h fermentation of sugarcane
bagasse hydrolysate KBandida guilliermondii

Parameters glucose:xylose ratio

1:25 1:12 1:5.0 1:2.5

Xylose consumption(%6) 87.5 89.9 91.4 96.9

Yes(g gh 0.51 0.45 0.59 0.55
Qpxor(g ™0 0.43 0.39 0.53 0.52
Nxol (%0) 55.6 49.1 64.3 60.0
Yxs (9 g% 0.20 0,21 0.20 0.26
Qx (g I'.h™h 0.17 0.18 0.18 0.23
Qgy (g .Y 0.01 0.01 0.01 0.01
Qe (g I'.hh 0.04 0.10 0.11 0.12

Y s xylitol yield coefficient (g xylitol/g xylose consumed®pyoi: Xylitol production rate
Nxo: Percentage of xylitol yield from the theorical value

Yys: cell yield coefficient (g dry cell mass/g xylose consumed)

Qx: cell production rate  Qqy: glycerol production rate Qe ethanol production rate

224 054 107
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Figure 2 - (A) Biomass formation,B) specific growth rate,x (black symbol), cell production rate,
Qx (white symbol), €) glycerol, and D) ethanol concentrations during fermentations of
sugarcane bagasse hydrolysatedandida guilliermondii,with different glucose:xylose
ratios: 1:25 (down triangle), 1:12 (up triangle) {circle) and 1:2.5 (square).
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Similar to the xylitol formation, the glucose:xylose observed for the control medium. Besides, at the
ratio increase led to the increase of by-productseginning of the fermentations, higher glycerol
formation; however, the values of glycerol andand ethanol production rates were observed,
ethanol productivity were lower than that observedndependently on glucose concentration in
for xylitol (Tab. 2). The highest concentrations ofhydrolysate. These sub-products were also
glycerol (0.80 g1) and ethanol (5.88 g') were assimilated by yeast, mainly after 72 h, when
found when hydrolysate contained glucose: xylosearbon sources (xylose, glucose, arabinose and
ratio of 1:2.5 (Fig. 3), corresponding to increasescetic acid) were totally consumed.

of 1.7 and 3.4 fold when compared to the values

. .
G20 - A;

154

)
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105 ¥—y=-3.579 + 0.4970x (R’=0.9971)
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—m—y=-5.415 + 0.6239x (R’=0.9912)
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Figure 3 - Xylitol formation during fermentations of sugarcabagasse hydrolysate l§yandida
guilliermondii, with different glucose:xylose ratios: 1:25 (dowrangle), 1:12 (up
triangle), 1:5 (circle) and 1:2.5 (square).

DISCUSSION repression, inhibition of the synthesis of certain
enzymes or catabolite inactivation, inhibition of
Evaluating the effect of the glucose:xylose ratio othe activity of some enzymes (Webb and Lee
xylose-to-xylitol bioconversion by C. 1990). The effect of glucose on xylose-to-xylitol
guilliermondii in sugarcane bagasse hydrolysate ibioconversion ~was  associated with  the
was observed that increasing this ratio resulted iglucose:xylose ratio, occurring high inhibition in
increase of xylose consumption rate, except duringylitol formation by C. guilliermondii with the
the first 6 h of fermentation. The increase inincrease of this ratio in synthetic medium (Felipe
glucose:xylose ratio resulted in a lag phase ietal.1993).
xylose consumption at the beginning ofln this work, simultaneous utilization of sugars
fermentation, mainly employing the highestand acetic acid b¢. guilliermondiiwas observed
glucose concentration. This result indicated andependent of glucose concentration in sugarcane
possible catabolite repression caused by glucos®gasse hydrolysate (Fig. 2), and a higher
on the enzymes responsible for xyloseconsumption rate for glucose, xylose, acetic acid
assimilation, such as xylose reductase. and arabinose. This behaviour could be explained
The regulatory effects of D-glucose may beby the fact that the enzymes required for glucose
exerted on D-xylose transport or on parts of the Dmetabolism are constitutive enzymes or enzymes
xylose inducible pathway. In the yeasts D-glucoséull time required by the cells and maintained in
regulation may be in the form of either cataboliteconstant levels(Dawes and Sutherland 1992).
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Simultaneous use of xylose and glucose wathese compounds with increasing the initial
observed by Tavares et al. (2000) duringglucose concentration in fermentation medium was
cultivation of D. hanseniiin synthetic medium; expected, since they were the result of the hexose
however, a catabolic repression of xylosanetabolism, and had an important role in the
assimilation by glucose occurred when increasingegeneration of NAD, which was necessary to
amounts of glucose (glucose:xylose =1:10) werenaintain the redox balance and to prevent the
added to the mediumn contrast, many works stalling of glycolysis (Walker 1998).

relate sequential sugar utilization, with preferentiallhus, glycerol and ethanol formation by yeast
glucose assimilation in fermentation of sugamight have been favourable to xylose-xylitol
mixture (Preziosi-Belloy et al. 1997; Oh and Kimbioconversion because the NAD regeneration
1998; Walther et al. 2001). would have avoided the accumulation of NADH.
Beneficial effects of glucose on xylose-to-xylitol This storing of NADH, cofactor required by
bioconversion were also observed by Preziosixylitol dehydrogenase enzyme, could have
Belloy et al. (1997) during cultivation @andida increased the xylitol to xylulose conversion, to the
parapsilosis in  synthetic medium  with detriment of its accumulation and subsequent
glucose:xylose ratio of 1:2.5. In this case, axcretion to the medium.

reduction of fermentation time and an increase dEthanol formation, very fast at the beginning of all
19% in xylitol yield (0.50 g @) in relation to the the runs, was also observed in fermentations of
medium without glucose were observed. Thisugarcane bagasse  hydrolysate  byC.
improvement was also observed during theuilliermondii (Sene et aR001). This was due to
cultivation of D. hanseniiin synthetic medium the poor contribution of xylose and arabinose
(Tavares et al. 2000). These authors observed amductive metabolism to its formation. The
increase of 30% in xylitol yiel@Yps= 0.56 g ), increase in ethanol formation by the increase in
employing a glucose:xylose ratio of 1:10 inglucose concentration . tropicalisin synthetic
relation to the medium without glucose. Duringmedium containing xylose and glucose was also
cultivation of C. tropicalis in synthetic medium observed by Kastner et al. (2001) and Walther et
with glucose:xylose ratios ranging from 1:6 toal. (2001). Ethanol production was very rapid at
1:0.75, low ratios (1:6 and 1:3) did not have anyhe beginning of the cultivation and remained
appreciable effects on xylitol yield under micro-almost constant throughout the run. The decrease
aerobic conditions (Walther et al. 2001). in ethanol and glycerol concentrations observed
A decrease in xylitol concentration after 72 hduring all fermentations of sugarcane bagasse
fermentation was observed, indicating that polyohydrolysate suggested their utilization as carbon
could be assimilated b@. guilliermondij besides, and energy source b§. guilliermondii mainly

the decrease in values of xylitol yield andwhen sugars present in hemicellulosic hydrolysate
productivity (Tab. 2) could be directly associatedwere depleted in the medium, since the cell growth
with xylitol consumption by yeast. This reductionwas not prejudiced. Otherwise, the glycerol and
in xylitol concentratiorwas alsoobserved during ethanol consumption was accompanied by an
the cultivation ofC. guilliermondii in synthetic increase in cell growth(Fig. 3). According to
medium (Felipe et al. 1995) and in sugarcan&lores et al(2000), glycerol and ethanol could be
bagasse hydrolysate (Felipe et al. 1996; Sene et aked as carbon and energy source by many yeasts.
1998), and also during the cultivation @&. The xylose metabolism byC. guilliermondii
tropicalis in synthetic medium (Walther et al. cultivated in hemicellulosic sugarcane bagasse
2001). Recently, experiments performed in ouhydrolysate was improved by increasing
laboratories revealed that xylitol was utilized as @lucose:xylose ratio in the medium, resulting in an
carbon source b¢. guilliermondiifor cell growth  improvement of xylitol formation by yeast.

(Silva and Felipe 2006).

Formation of glycerol and ethanol by-products
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