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Abstract: From a previous research done by Abou Zeid et al. , a local yeast isolate Candida tropicalis[2]

gave the highest yield production of xylitol in fermentation medium in which xylose was used as the sole
carbon source compared with Candida guilliermondii NRRLY-488. The produced amounts of xylose

reductase (XR) enzyme and xylitol sugar as well as the biomass of both tested yeast isolates inoculated
in fermentation media containing hot water hydrolysate of rice straw without additional carbon source,

2were very low. Meanwhile, treated rice straw with Na OH or H SO4 increased the xylose and total sugars
several times in the hydrolysate but toxic compounds were obtained, namely acetic acid, furfural, 5-

hydroxy methyl furfural (HMF) and phenolic compounds. Thus, activated charcoal was used to eliminate
the toxic compounds produced in the treated rice straw hydrolysate (acid + heat) inoculated with C.

tropicalis and C. guilliermondii. Xylitol yield produced as a result to charcoal treatment reached 36.63
and 41.50g/l out of 60g/l xylose compared with 15.0and 28.0g/l out of 65g/l xylose without charcoal

treatment for both isolates, respectively. Meanwhile inoculating the previous hydrolysate medium with the
adapted cells of the two tested isolates produced the highest xylitol yield (45.2 and 47.35g/l) for both

strains, respectively. The purification procedure resulted in 2.774 and 14.917 folds of xylose reductase
(XR) from ammonium sulphate and Sephadex-G200 purification steps with a recovery of 69.806 and

27.139% and specific activity of 1.990 and 19.514 U/mg protein, respectively. The molecular masses of
purified xylose reductase (XR) and xylitol dehydrogenase (XD) were found to be 36.48 and 89.5 k

Daltons, respectively. The amino acids analysis of xylose reductase (XR) showed that glutamic and
aspartic acids are present in high percentages while tyrosine and methionine are in low values and cysteine

is not detected. 
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INTRODUCTION

Every year large amounts of wastes biomass are

accumulated in nature, causing serious environmental
pollution problems. Burning one ton of these wastes

2 2would produce 1.7 tones of CO , N O, methyl chloride
and other poisoning gases. The wastes output have

been increased to a point where natural reclamation
pathways are rendered in adequate. So it is necessary

to find new technologies for economical use of these
renewable products in order to decrease the costs of

pollution control. In recent years, attention has been
focused  on  the biotechnological process for

production of several useful feed stocks and food
products from agro-forest residues and agriculture

residues such as rice straw, eucalyptus, and sugar cane
bagasse. Rice straw is an agricultural residue containing

xylose, which represents up to 90% of the total sugar
present in the hemicellulosic fraction of this residue

and can be converted to different products. One of

these products, xylitol, is widely used in food and
pharmaceutical industries. Xylitol production by

fermentation may be an attractive alternative to the
traditional process employing chemical synthesis. 

Xylitol is sugar’s mirror image. While sugar
wreaks havoc on the body, xylitol heals and repairs. It

also builds immunity, protects against chronic
degenerative diseases and has anti-aging benefits.

Xylitol being a five-carbon sugar has an antimicrobial
effect preventing the growth of bacteria . [18]

Another significant property of xylitol is the
prevention of dental cavity, thus making it the best

nutritive sugar substitute with respect to caries
prevention. Xylitol is easily metabolized (independently

of insulin) in human body and produces the same
amount of energy (4 cal/gm) signifying its application

in all diabetic foods . Xylitol also has skin smoothing[34]

properties . [9]
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By the 1960s, xylitol was being used in Germany,

Switzerland, the Soviet Union, and Japan as a preferred
sweetener in diabetic diets and as an energy source for

infusion therapy in patients with impaired glucose
tolerance and insulin resistance. 

Despite this wide range of applications, the use of
xylitol as sweetener is limited. Comparatively high

production cost (about 10 times that of sucrose) seems
responsible for its limited market share as sweetener.

Xylitol can be obtained by various technologies,
including the extraction from some fruits and

vegetables, but this procedure is not economical owing
to its small concentrations. 

Chemical reduction of xylose process is relatively
expensive  because of the extensive purification and

the separation steps required . Biotechnological[31]

conversion of xylose solutions is a selective and

promising process fo r  xylito l p roductio n .[ 4 7 ]

Bioconversion can be carried out with microorganisms

or purified enzymes from these microorganisms. The
most studied xylitol producers are yeasts . [41]

The hemicelluloses fraction of agricultural and hard
wood ligno-cellulosic materials contains xylose as the

major sugar component. These cheap and abundant
natural resources, upon hydrolysis with acid, yield

xylose-rich hydrolysates that can be recovered in good
yields . [31]

The aim of the present research is to obtain xylose
from a cheap material by bioconversion of its xylose to

xylitol realizing two main objects: first to reduce the
price of this economically important product used in

pharmaceutical, chemical, and food industries owing to
its dietetic and anti-carcinogenic characteristics.

Traditionally, xylitol has been produced almost
exclusively by chemical process, which involves an

expensive step of purification of xylose and quite
severe operational conditions. In recent years, attention

has been focused on the biotechnological process,
because it does not require initial xylose purification

and is conducted under moderate temperature and
atmospheric pressure . Secondly, to eliminate air[35]

pollution as a result of burning rice straw waste. A
local isolate of C. tropicalis yeast previously isolated

from strawberries  and gave the highest yield of[2 ,3]

xylitol from D-xylose in synthetic medium, was used

in this study compared with C. guilliermondii NRRLY-
488 strain in the bioconversion of rice straw xylose to

xylitol using various physical and chemical treatments.
The purification of xylose reductase (XR), its molecular

weight, amino acids content and factors affecting its
activity were also studied. 

MATERIALS AND METHODS 

Microorganisms: Two yeast strains were used in the

present work. The first was previously isolated from

strawberries fruits and identified as C. tropicalis The

second is the standard strain C. guilliermondii NRRLY-
488 obtained from Cairo MERCEN, Faculty of

Agriculture, Ain Shams University.

Collection of Rice Straw Waste: Samples of rice
straw waste used in this study were ground to very

small particles powder (almost 50 to 100 mesh) to be
ready for further chemical and microbiological analysis.

Rice Bran: Rice bran was obtained from Rice

Company Kafr Eldaouar, Egypt.

Preparation of Rice Straw Hydrolysates:
Hot Water Hydrolysis of Rice Straw: One liter of

water was added to 100 g untreated ground rice straw
and hydrolyzed by heating in an autoclave under free-

flowing steam (without pressure) for l h. The
hydrolyzed material was filtrated using fine muslin and

the liquid phase resulting from the hydrolysis was
filtrated under vacuum to remove any unhydrolyzed

residues.

Heat Treated Rice Straw (Hydrothermolysis): Rice
straw samples were treated in an autoclave (high

temperatures and pressures) at 130 °C for 30 min using
water to solid ratio of 10 g/g . The pH was adjusted[1]

2 4 with 0.1N H S0 or 0.1N Na OH.

Alkali Treated Rice Straw: 30% by volume of 1N
NaOH solution were added to wet rice straw in ratio

7ml/g, thereafter the material was hydrolyzed in an
autoclave at 130 C for 30 min and vacuum filtratedo

after muslin filtration. The pH was adjusted at 5.4

2 4using 0.1N H S0 .[20]

Acid Treated Rice Straw: Water/rice straw ratio

10ml/g samples were treated in an autoclave with 1N

2 4 H S0 (w/v) for 30 min at 130 C. This reactiono

conditions were selected to maintain a furfural
concentration below l g/L . The suspension was[38]

centrifuged at 2000 rpm for 10 min to remove the
unhydrolyzed residues. The hydrolysates was then

concentrated under vacuum, at 70°C, to increase the
initial xylose content many folds. Analysis was made

before and after concentrating the hydrolysates. The pH
was adjusted at 5.4 using 0.1 N NaOH.

Treatment of the Hydrolysates by Activated

Charcoal: To minimize the concentration of the main
fermentation inhibitors in the hydrolysates, activated

charcoal (refined powder) 3.0% (w/v) were added
under agitation (200 rpm) at 30°C for 60 min and

repeated three times after filtration. Phenolic
compounds, furfural, hydroxyl methyl furfural (HMF)

and acetic acid were determined before and after
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charcoal adsorption. Glucose, xylose and total

carbohydrate were measured before and after the
concentration of the hemicellulosic hydrolysates.

The hydrolysates obtained as a function of the
different treatments were autoclaved under free-flowing

steam for 15 min, to be used as culture media by
adding the media component nutrients to the

hydrolysates . [23]

Pre-culture Media: The inoculum was prepared by
cultivating yeast cells in 250 ml Erlenmeyer flasks

containing 50 ml of medium composed of (per liter of
media) 20 g rice bran extract, 3g ammonium sulfate,

2 20.lg CaC1 .2H 0, and rice straw hemicellulosic
hydrolysates containing 30 g xylose, pH of the media

was adjusted at 5.5. The flasks were incubated for 48
h at 30°C under 200 rpm.

Adapted Yeast Strains: Adapted yeast cultures were

maintained in agar slants made from hydrolysates
instead of commercial xylose solutions. Yeasts were

adapted to hydrolysates by carrying out six successive
batch cultures . [11]

Fermentation of Rice Straw Hydrolysate: The

fermentation media were prepared from the original and
concentrated hydrolysates. The hydrolysates was

adjusted to the desired initial xylose level, treated and
supplemented with 3g-yeast extract, 3g-malt extract,

and 5g peptone per liter. The original and the two fold
and four fold concentrated hydrolysates were fermented

for 96 h in 250 ml Erlenmeyer flasks each containing
100 ml of medium (pH 5.5), on a rotary shaker at 200

rpm at 30°C under semi aerobic conditions. At the end
of the fermentation process, the fermentation media

flasks were harvested and dry weight of yeast cells,
residual xylose content, xylitol concentrations and XR

activity were determined every 24 hours.

Analytical Methods: 
Chemicals Analysis of the Fermentation Media:

Xylitol: concentration was evaluated by a colorimetric
assay .[37]

Xylose: concentration was determined by ferric- orcinol

assay .[46]

Total Carbohydrate Content: The total carbohydrate
measured by the phenol-sulfuric method  using[43]

glucose as standard. 

Acetic Acid: Acetic acid was determined by AOA
methodology .[4]

Phenolic Compounds: Total phenolic compounds were

determined as described by AOAC .[4]

Furfural: Furfural measured according to Budini,[7]

method. 

Hyhroxymethyl Furfural (HMF): Hydroxymethyl
furfural was measured according to Blanco  by high[5]

performance liquid chromatography method for liquid
samples.

Enzymes:

Preparation of Cell-free Extracts: After cultivation of
C. tropicalis on the fermentation medium in the

optimum culture conditions, the cells were harvested by
centrifugation at 10000 rpm for 15 min and washed

with sterile water once and 0.5 M potassium phosphate
buffer (pH 7.2) twice. Cell pellets were stored in a

freezer. For enzymatic analysis, cells were thawed and
disrupted by a sonic disruption technique using a Sonic

and Materials disrupter. The cell homogenate was then
centrifuged at 10000 rpm at 4°C for. 25 min, and the

recovered supernatant (crude cell extract) was stored at
-70°C. Any turbidity present after re-thawing was

removed by ultra centrifugation at 11000 rpm and 4°C
for 60 min.

Precipitation and Gel Filtration: Concentration of

4 2 4enzymes was achieved by 70% saturated (NH ) S0
solution and subsequent dissolution of the centrifuged

pellet (11000 rpm, 4°C, 120 min) in a small volume of
20 mM Tris/HCl, pH 7.2. Desalted preparations of

enzymes were obtained by gel filtration on Sephadex
G200 coarse, previously equilibrated with 0.2 M

phosphate buffer (pH 7.2) for XR enzyme  and, 0.2[36]

M Tris/HCl buffer (pH 8.6), for XD enzyme .[13]

Enzymes assay : For XR, to 0.1 ml of the enzyme[49]

solution, 0.2 ml of 0.1 M phosphate buffer pH 7.0, 0.2
ml of 0.1 M b-mercaptoethanol, 0.1 ml of 3.4 mM

N AD PH  (Nico tinamide  Adenine D inuc leo tide
Phosphate) and 1.2 ml de-ionized water was added and

allowed to stand for one minute to eliminate the
endogenous oxidation of NADPH. The reaction was

started by addition of 0.2 ml of 0.5 M substrate (D-
xylose). For Xylitol dehydrogenase (XD), the reaction

medium  employed  was: 0.1 ml of 5mM xylitol, 0.1
ml  of  0.5 mM Tris buffer (pH 8.6), 0.1 ml of 2.5

mM NAD  and 0.1 ml of 0.1 M b mercaptoethanol.+

The reactions were initiated by the addition of xylitol.

The variation of absorbance was spectrometrically
monitored at 340 nm against the reaction time at 25°C.

The slope was calculated in the linear range of the
reaction. Sterile water was used instead of enzyme, as

controls and for the assay. 
The reductase and dehydrogenase assay were done

on the crude extract to check the activity and to
identify the fractions having reductase activity in the

purification process.



J. Appl. Sci. Res., 4(8): 975-986, 2008

978

Calculation of Enzyme Activity: A unit of enzyme

(U) was expressed as the amount of the enzyme

catalyzing, respectively, the formation of 1mmol

NADP/min or 1mmol NADH/min according to

Yokoyama et al. .[49]

Specific Activity         Activity (U)

(U/mg protein) = ---------------------------------

Protein concentration (mg)

E EThe specific XR productivity (S.P ). S.P  was

expressed as unit of enzyme /gram of cell per hour

(U/ [g of cell. h]) according to Mayerhoff et al. .[24]

Protein Concentration: Protein in the cell-free extract

was determined by the Lowry et al.  method, using[21 ]

bovine serum albumin as the standard. 

Determination of Molecular Weight of XR and XD

Enzymes : Sodium dodecyl sulfate-polyacrylamide gel[19]

electrophoresis (SDS-PAGE) ana1ysis was performed

for the fermentation broth. Protein molecular weight

markers used were  myosin (208.96 kDa), B-

galactosidase (119.84 kDa), bovine serum albumin

(99.10 kDa), ovalbumin (52.79 kDa), carbonic

anhydrase (37.51 kDa), soybean trypsin inhibitor (28.85

kDa), and lysozyme (19.37 kDa) .

Total Amino Acid Analysis: For total amino acids

analysis, (1.0 mg/ml) XR enzyme was dried under

nitrogen and subjected to hydrolysis with 6.0 M HC1.

The hydrolysis was performed at 110°C for 24 h and

48 h. The dried hydrolysates was dissolved in

phosphate buffer and then subjected to analysis by

reverse phase HPLC .[14]

Factors Affecting the Purified XR Activity:

Influence of pH Value: The pH of the reaction

mixture of the enzyme assay was adjusted at different

values ranging from pH 4.0-10.0. 

Co-enzyme Specificity: 3.4 mM of NADPH and

NADH were used separately in two experiments as Co-

enzyme to measure the specificity of the enzyme to the

used coenzyme. 50 UL aliquots of enzyme were used

in the assay mixtures before adding 50 mM of xylose

for starting the reaction.

RESULTS AND DISCUSSION

The rice straw used in the present research contains

high percentage of hemicellulose (29.4%), which

includes 10.3% total sugars, 6.9% of these sugars are

xylose i.e. xylose presented 68% of the total sugars of

rice straw as mentioned in our previous research .[3]

The  first  experiment  of  the present research

was carried out on the hot water hydrolysed rice straw.

The ground dry straw was hydrolysed by hot water

only (100 C) before being inoculated with the selectedo

yeast strain isolates in media without additional carbon

source  and incubated under the optimum conditions

for each isolates as previously mentioned by Abou zeid

et al. . Data in Table (1) show that the growth of both[2]

selected isolates using hot water rice straw hydrolysate

for their proliferation was obviously low and very

small amount of xylitol started to be detected after

three days in case of Can. guilliermondii and after 4

days in case of C. tropicalis. After four days of

incubation, the initial straw xylose (7g/l) was

completely consumed and the produced xylitol by the

two strains recorded 0.80g/l and 0.45 g/l in case of C.

guilliermondii and C. tropicalis, respectively.

Meanwhile the specific productivity of XR was very

low recording only 0.014 and 0.010 u/g.h for both

isolates after 4 days, respectively. Carla et al.[8]

suggested that, one of the major problems associated

with the utilization of media prepared from

lignocellulosic materials is their poor fermentatability,

specially at high concentrations. This fact explains the

low xylitol production rates at high concentrations of

xylose from hemicellulosic hydrolysates.

The previous results indicated the necessity to treat

rice straw before being inoculated by the yeast isolates

for increasing the produced xylitol. Many pretreatment

methods (chemical or physical) are used for

degradation of lignin and solubilizing the lignin

cellulose complex which leads to improvement of using

hydrolysis method for conversion of lignocelluloses to

sugars . [8]

Rice straw when submitted to one or more than

one of the methods mentioned before, generate a

hemicellulosic hydrolysates containing large amount of

sugars such as glucose, arabinose and xylose. Xylose

represents up to 90% of the total sugar present in the

hemicellulosic fraction of rice straw residue which can

be used as fermentation media to obtain xylitol .[39]

However, besides sugars the hydrolysis process can

also generate a large number of by-products such as

acetic acid, furfural, and hydroxyl methyl furfural

(HMF) toxic to the microbial metabolism. To overcome

this problem, it is necessary to select the satisfactory

reaction conditions to keep the by-products at low

levels since their type and levels depend on the

severity of the hydrolysis reaction.

The data represent in Table (2) show that

autoclaving (121°Cfor 30 minutes) rice straw

hydrolysates  slightly  increased  the  xylose  and

total  sugars, but without any toxic compounds. Abd

El-Boussaid  et  al.   found that the thermal treatment[1]

of  wood  residues  under  low  severity   conditions
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Table 1: Xylitol produced from hot water hydrolysed* rice straw by selected isolates

s s x E  A  (U/ml)Yeast isolates T (h) R  (g/l) C  (g/l) X (g/l) V.P  (g/l.h) S.P (U/g.h) E

C. guilliermondii 72 2.00 5.00 0.87 0.007 0.013 0.032

-----------------------------------------------------------------------------------------------------------------------------------------------------

96 0.00 7.00 0.80 0.008 0.014 0.049

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

C. tropicalis 72 3.00 4.00 0.00 0.004 0.000 0.019

-----------------------------------------------------------------------------------------------------------------------------------------------------

96 0.00 7.00 0.45 0.004 0.010 0.043

Initial xylose = 7g/l * Hydrolyzed by steam at100 Co

s sR  = Residual xylose. C  = consumed xylose

X = produced xylitol 

ES.P  = Specific productivity of XR(U/g of cell .h).

XV.P  = xylitol volumetric productivity (g/l. h). 

A  E = enzyme activity

Table 2: Effect of different physical and chemical treatments on rice straw components (g/kg).

Treatment Xylose Glucose Arabinose Total sugars Acetic acid Furfural H.M .F Phenolic compound

Hot water treatment* 6.90 2.16 1.24 10.30  -  -  -  -

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Autoclaving** 7.23 2.27 1.30 10.80  -  -  -  -

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Alkali+ Heat 14.30 4.50 2.00 20.80 5.60 0.52 0.08 1.00

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Acid +Heat 23.45 5.97 2.85 32.27 5.90 0.10 0.05 1.00

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Acid + Heat 33.50 7.60 4.91 46.01 6.52 0.38 0.14 2.35

2 fold conc.

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Acid+ Heat 65.08 16.02 6.70 87.80 7.40 0.73 0.30 2.92

4fold conc.

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4 fold conc. 60.00 14.21 6.24 80.45 1.24 < 0.05 < 0.10 0.58

+ Activated charcoal

*Heated under free flowing steam for 1 hour 

**Autoclaved at 130ºC for 30 minutes

2 (175°C, 7.5 min, 4.5 %S0 gas) gave around 80% of

the original hemicelluloses component in the water

soluble stream and minimize the production of

potentially inhibitory products.

Treated rice straw with alkali and heat increased

the amount of total sugars from 10.3g/kg to 20.8g/kg

and the xylose from 6.9g/kg to 14.3g/kg. The amounts

of toxic compounds generated by alkali treatment were

relatively low (Table 2). They were 5.60 acetic acid,

0.52 furfural, 0.08 HMF and 1.0g/kg phenolic

compounds. Dominguez et al.  used ammonium[12]

treated rice straw hydrolysates as best substrate for

xylitol production by Candida sp.11-2. The HPLC

analysis indicated absence of acetic acid and reduction

of the original lignin content from 0.08 to 0.01 g/g dry

matter after ammonium treatment. 

The data in Table (2) also revealed that treating

rice straw with sulfuric acid instead of alkali increased

the total sugars to 32.27g/kg dry matter. Concentrating

the hydrolysate resulting from the acid treatment 2

folds increased the total sugars to 46.01g/kg.

Meanwhile, the total sugars increased to 87.80g/kg dry

matter by using 4 folds concentration and was

associated with an increase in the xylose content to

65.08g/kg. The other sugars also increased but not in

the same manner, since they increased to 16.02 and

6.70g/kg for glucose and arabinose respectively.

Meanwhile the total inhibitors increased to 7.40 acetic

acid, 0.7 furfural, 0.30 HMF, and 2.92g/kg phenolic

compounds.  

Mortia and Silva  reported that the reduction in[26]

xylitol productivity occurred due to the presence of

inhibitors such as acetic acid (liberated from naturally

occurring  acetylated  hemicelluloses) and compounds

of wood derived from the extractive fraction of wood

and lignin degradation products. The maximum

allowable concentration for each inhibitor is dependent

on the microorganism utilization and its degree of

adaptation,  the  fermentation process employed, and

the simultaneous presence of several other inhibitors.

Acetic acid, a compound released from the acetyl

groups  of  lignocelluloses, has been considered a

strong inhibitor of xylose metabolism by yeasts,

because  beside its  interference  with the xylose

uptake  through the cytoplasmatic membrane, it also

can  inhibit the activity or biosynthesis of XR, which

is fundamental to the metabolism of this carbohydrate.

They  added  that  the inhibitory effect of acetic acid

is  a  function  of  its un-dissociated form, which is

pH dependent. 
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In addition to the sugars and acetic acid, several

by-products are  formed  or  released in the hydrolysis

process. The most important by-products are furans,

carboxylic acids and phenolic compounds . Furfural[32]

and 5-hydroxy methyl furfural (HMF) are the most

important  furans. They are formed by decomposition

of  pentoses  and  hexoses, respectively . On the[42]

other  hand, furfural is generally reported to be a

strong  inhibitor  in  “batch”  cultivation. It is clear

that  furfural decreases the xylitol production rate in

the early phase of batch fermentation . They added[33]

that  furfural  concentration  above  1g/l  was  found

2to  decrease significantly the CO  evolution, the cell

multiplication  and  the  total  viable cell number in

the  early  phase  of  fermentation.  On the other

hand, Brovenko and Gusel’nikova  mentioned that[6]

although  HMF is usually considered an inhibitor to

the  growth of yeasts, but it is not as strong as

furfural. They  found  no inhibition effect of 1 g/l

HMF on yeast. However, at higher HMF concentration

(2g/l),  they detected a slight decrease in protein

content and about 23% decrease in biomass yield.

Luiz  mentioned that there were also a number of[22]

phenolic compounds known to  exist in the

hydrolysates. They found that the phenolic compounds

have limited concentrations in the hydrolysates because

of the low water solubility of many of the phenolic

compounds.

 By mixing activated charcoal with the 4 fold

concentrated neutralized hydrolysates for three times

(each one for l h.), 95% of the liquid phase was

recovered by filtration. The concentrations of all toxic

compounds, as well as the total sugars content were

decreased by charcoal adsorption (Table 2). Xylose,

glucose, and arabinose concentrations slightly decreased

from 65.08, 16.02, 6.70 to 60.0, 14.21, and 6.24 g/kg,

respectively. Acetic acid concentration reached 1.23,

while furfural and HMF became <0.05 and <0.lg/Kg

respectively. The phenolic compounds decreased by

80% from its original value. 

Converti et al.  found that the boiled fermentation[10]

broth resulting from the hydrolysis for 3 hrs removed

acetic acid. Samples were taken every 20 minutes.

Boiling time of 160 min. was sufficient to decrease the

acetic acid concentration from 31.2 to 1.0g/l, which is

below the inhibition threshold determined for P.

tannophilus .In addition, the furfural concentration

decreased from 1.2 to < 0.5g/l. 

In the present work C. tropicalis and C.

guilliermondii cells were adapted to grow on raw

untreated rice straw hydrolysates medium thereafter, the

cells were used to prepare dense inocula. The inocula

were then used to seed the progressively concentrated

media, and consecutive fermentations were carried out

in order to achieve a complete adaptation (for six

times). Although the limited use of detoxification

substances is desirable to minimize the operational

costs, adaptation of yeasts to hydrolysates was not

enough to overcome the inhibitory effects of the toxic

substances occurred due to the acid treatment of rice

straw, and hence the detoxification by charcoal

adsorption was applied. 

The data represented in Table (3) show the effect

of different treatments of rice straw which produced

high amounts of xylose on xylitol production, biomass

yield and xylose reductase enzyme activity by C.

guilliermondii and C .tropicalis. It is clear from the

data that the treated rice straw with acid and

concentrating the hydrolysate four folds without using

charcoal produced only 28.7 and 15.0 g/l xylitol out of

58.7 and 50 g/l consumed xylose (i.e. 0.47 and

0.30g/g) beside 6.3and 15 g/l residual xylose existed in

the media after 4 days of incubation for C.

guilliermondii and C. tropicalis, respectively.

Meanwhile, the treated hydrolysates with activated

charcoal increased the xylitol production to 41.5 and

36.63g/l out of 60g/l xylose without any xylose

remaining in the medium after the same time of

incubation (i.e. 0.78 and 0.61g/g) for the same strains,

respectively. Inoculating the hydrolysates media with

the adapted yeast cells of C. guilliermondii and C.

tropicalis gave 47.35and 45.20 g/l xylitol out of 60.0g/l

xylose (i.e. 0.79 and 0.75g/g) beside 13.5 and 13.0 g/l

biomass after 96 h of incubation for both strains,

respectively. It is worth to mention that the xylose was

completely consumed from the media after 72h of

incubation and converted to 46.0 g/l xylitol in medium

inoculated with the adapted cells of C . guilliermondii.

Meanwhile, complete consumption of xylose in case of

adapted cells of C. tropicalis was recorded after 96 h

incubation accompanied with production of 45.2g/l

xylitol. These results indicated the efficacy of adapted

cells for the bioconversion of xylose to xylitol. Silva

and Roberto  reported that adapted cells of C.[40]

guilliermondii can efficiently produce xylitol from

hydrolysates with high xylose concentrations. The yield

of xylitol increased three folds, and xylose consumption

increased from 52% to 83%, after 120 h of

fermentation, using adapted cells of C. guilliermondii

on rice straw hemicellulosic hydrolysates containing 90

g/l xylose. Mussatto and Roberto  also carried out[28]

batch fermentation with rice straw hemicellulosic

hydrolysates containing about 85 g xylose/l in a stirred-

tank bioreactor at 30 °C for the bioconversion of

xylose into xylitol by the adapted C. guilliermondii

yeast. The maximum xylitol yield (Y x/s= 0.84 g /g) 

was achieved, without needing to retreat the

hydrolysates.
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Purification and Characterization of XR and XD

Enzymes: To increase the specific activity of XR

enzyme two steps of purification has been done as

shown  in table (4), first by precipitation by

ammonium sulfate 70% saturated solution, and the

second  by app1ication of Sephadex G-200 column.

The purification procedure resulted in a 2.77 and 27.18

folds purification of XR with a recovery of 69.81 and

14.92 % and specific activity of 1.990 and 19.51 U/mg

of protein from ammonium sulfate fractionation and

Sephadex G-200 purification steps, respectively. 

The obtained data showed that the purified XD

enzyme had a specific activity of 5.575 U/mg with

22.30 purification fold. XR/XD specific activities of the

purified enzymes were 3.50 and the total activity of

XR was 6.408 times of XD total activity.

It is well known that the XR enzyme belongs to

the family aldehyde reductases. Classification of this

family (alditol: NAD (P ) 1.1.1.21; ALR) originally+

based on similar chemical and physical properties as

well as substrate specificity. Yeasts XR has a substrate

spectrum that ranges from aldoses and alduronic acids

to aromatic and aliphatic aldehydes and even

steroids .[45]

Neuhauser et al.  purified XR from C. tenuis.[29]

The purification folds increased from 1 in the crude

extract to 13.8 folds in the final purification step with

Mono-Q.

In the present work the molecular weights of XR

and XD and crude mixture of the two enzymes from

C. tropicalis cells extract were determined by SDS/

PAGE (Figs 1, 2 &3) and they were 36, 48 and 89.5

kDa, respectively. Fig (3) also shows the separated

bands of purified C. tropicalis XR enzyme occurring as

three mirror bands revealing the presence of isoforms

(sub-units) having molecular weights around 36kDa.

Granström et al.  purified XR from C.[15]

guilliermondii cell free extract by three consecutive

steps using anion exchange, gel filtration and

hydrophobic interaction chromatography. XR was the

main protein in the cell free extract and its purity

increased 17-times with the activity recovery of about

41 %. The estimated molecular weight of the pure

enzyme by SDS-PAGE was 36 kDa. The purified XR

used only NADPH as a cofactor. However, some minor

bands were detected, which indicates the presence of

isoforms of the enzyme. The enzyme showed high

affinity to L-arabinose, D-xylose and D-ribose, but a

very low affinity to D-lyxose, L-xylose and L-ribose.

C. guilliermondii grew on all the tested pentoses.

Growth with L-arabinose, L-ribulose, D-ribose and D-

xylose was fast and with L-ribose, D-lyxose and L-

lyxose somewhat slower.

Mayr et al.  XR has been purified from cell[25]

extracts  of the fungus Cryptococcus flavus grown on

Fig. 1: SDS/PAGE of C. tropicalis crude cell extract.

Lane 1, marker proteins from top to bottom[

bovine serum albumin (99. 10 kDa),

ovalbumin (52.79 kDa), carbonic anhydrase

(37. 51 kDa), soybean trypsin inhibitor (28.85

kDa), and lysozyme (19.37 kDa)]; lane 2, lane

3 and lane 4 mixture of crude XR and XD

enzyme samples (4µl).  

Fig. 2: SDS/PAGE of C. tropicalis XR and XD

partially purified enzymes. Lane 1, marker

proteins from top to bottom, ovalbumin (52.79

kDa), carbonic anhydrase (37. 51 kDa) and

soybean trypsin inhibitor (28.85 kDa); lane 2,

XR enzyme; lane 3, XD enzyme sample. 
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Table 3: Effect of best rice straw treatments on xylitol production by Candida guilliermondii. And Candida tropicalis.

s s X/Cs x E AStrain  Treatment T (h) R  (g/I) C  (g/l) X (g/l) Y (g/g) V.P  (g/I. h) S.P  (U/g.h) E  (U/ml)

Candida Acid + Heat 0 65.00 0.00 0.00 0.00 0.00 0.00 0.00

guilliermondii. 4 fold conc. -------------------------------------------------------------------------------------------------------------------------------------

72 8.10 56.90 25.25 0.44 0.35 0.28 0.61

-------------------------------------------------------------------------------------------------------------------------------------

96 6.30 58.70 28.00 0.47 0.29 0.21 0.18

-------------------------------------------------------------------------------------------------------------------------------------------------------------

Acid + Heat 0 60.00 0.00 0.00 0.00 0.00 0.00 0.00

4 fold conc. -------------------------------------------------------------------------------------------------------------------------------------

+ Charcoal 72 4.01 60.99 38.00 0.80 0.62 0.33 0.29

-------------------------------------------------------------------------------------------------------------------------------------

96 0.00 60.00 41.50 0.78 0.49 0.24 0.30

-------------------------------------------------------------------------------------------------------------------------------------

Adapted yeast 0 60.00 0.00 0.00 0.00 0.00 0.00 0.00

cells -------------------------------------------------------------------------------------------------------------------------------------

72 0.00 60.00 46.00 0.76 0.63 0.34 0.25

-------------------------------------------------------------------------------------------------------------------------------------

96 0.00 60.00 47.35 0.79 0.49 0.24 0.29

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Candida Acid + Heat 0 65.00 0.00 0.00 0.00 0.00 0.00 0.00

tropicalis. 4 fold conc. -------------------------------------------------------------------------------------------------------------------------------------

72 20.00 45.00 10.91 0.24 0.15 0.16 0.07

-------------------------------------------------------------------------------------------------------------------------------------

96 15.00 50.00 15.00 0.30 0.15 0.16 0.10

-------------------------------------------------------------------------------------------------------------------------------------------------------------

Acid + Heat 0 60.00 0.00 0.00 0.00 0.00 0.00 0.00

4 fold conc. -------------------------------------------------------------------------------------------------------------------------------------

+Charcoal 72 8.89 51.11 33.75 0.66 0.49 0.28 0.21

-------------------------------------------------------------------------------------------------------------------------------------

96 0.00 60.00 36.63 0.61 0.38 0.20 0.24

-------------------------------------------------------------------------------------------------------------------------------------------------------------

Adapted yeast 0 60.00 0.00 0.00 0.00 0.00 0.00 0.00

Cells -------------------------------------------------------------------------------------------------------------------------------------

72 6.00 54.00 38.00 0.70 0.52 0.30 0.24

-------------------------------------------------------------------------------------------------------------------------------------

96 0.00 60.00 45.20 0.75 0.47 0.23 0.28 

Legend as in Table(1).

Table 4: Purification steps of XR and XD in the local yeast isolate C. tropicalis

Purification steps Total protein (mg) Total activity (U) Specific Activity(U/mg) Purification (fold) Enzyme yield (%)

Cell extract XR XD XR XD XR XD XR XD XR XD

---------------------------------------------------------------------------------------------------------------------------------------------------------

130.15 130.15 93.39 32.53 0.717 0.250 1.0 1.0 100 100

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Amm.sulfate 32.75 32.75 65.19 20.77 1.99 0.634 2.77 2.53 69.81 63.38

fractionation

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sephadex 0.714 0.39 13.93 2.17 19.51 5.575 27.18 22.30 14.92 6.68

G-200

XR = xylose reductase XD = xylitol dehydrogenase

D-xylose as carbon source. This enzyme was isolated

for  the  first  time  from the phylum Basidiomycota.

It is a functional dimmer composed of identical

subunits  of  35.3  kDa  mass  and  requires NADP

(H)  for  activity.  The catalytic efficiency for

reduction  of D-xylose is 150 times that for oxidation

of xylitol.

Yang and Jefferies  purified XD from xylose-[48]

grown cells of C. shehatae. The purified enzyme had

a molecular weight of 82 kDa and was composed of

two subunits.

Takamizawa et al.  purified the XD of C.[44]

tropicalis IFO 0618 and characterized it. The purified

enzyme had a molecular weight of 48 kDa. The

optimal pH of the xylitol dehydrogenase was pH 8.0

and the enzyme was completely inactive in sorbitol,

xylose, glucose, glycerol and ethanol.

Fractions of Total Amino Acids Content of Xylose

Reductase Enzyme: The data of the present work

(table 5) revealed that XR enzyme of C. tropicalis

composed of 15 amino acids. Glutamine (17.12 %),

aspartic (14.9 %), alanine (8.5 %) and leucine (8.2 %)

exist in relatively high percentage, while histidine (2.2

%), tyrosine (1.8 %) and methionine (0.28 %) were the

lowest  in  their  percentages.  Morjana  et al.  and[27]
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Table 5: Am ino acid composition of XR enzyme of local yeast

isolate C. tropicalis.

Peak No. Amino acid Conc. (mol %)

1 Aspartic 14.944

2 Threonine 6.527

3 Serine 6.706

4 Glutamic 17.120

5 Proline 00.00

6 Glycine 7.792

7 Alanine 8.539

8 Valine 6.819

9 M ethionine 0.281

10 Isoleucine 3.784

11 Leucine 8.271

12 Tyrosine 1.858

13 Phenylalanine 4.139

14 Histidine 2.248

15 Lysine 5.669

16 Arginine 5.303

Total amino acid% 100

Table 6: Co-enzyme specificity of local yeast isolate C . tropicalis

XR.

Coenzyme Enzyme specific activity      Relative activity %

(3.4 mM )     (U/mg protein)   (relative catalytic efficiency)

NAD (P) H 19.50 100

NADH 1.42 7.282

Fig. 3: SDS/PAGE of C. tropicalis XR purified

enzyme. Lane 1, marker proteins from top to

bottom, ovalbumin (52.79 kDa), carbonic

anhydrase (37.51 kDa), soybean trypsin

inhibitor (28. 85 kDa), and lysozyme (19.37

kDa).; lane 2, lane 3 and lane 4 XR samples

(4µl).  

Bohren et al. reported that the amino acids content of

the XR from C. tropicalis was determined and it

contained lysine with concentration similar to that of C.

tenuis XR(5.6 %) resembling the mammalian XR

which has functionally important lysine residues at the

active site of ALR. These lysine residues participate in

coenzyme binding and catalysis.

Factors Affecting XR Activity in Assay Mixture:  

Effect of pH Values: The obtained data (Fig.4)

revealed that the maximal XR activity (19.5 U/ml) was

achieved at pH 6.0 claiming it as optimum value. XR

activity decreased sharply at pH 8.5 (3.0 U/ml) and

inactivated completely at pH 9.0. Maximal reductase

activity at pH 6.0 and alkaline pH optimum for xylitol

oxidation are common features of similar XRs isolated

from diverse microorganisms . [16]

Effect of Co-enzyme Specificity: The D-xylose

reduction activity of C. tropicalis XR, for D-xylose

sugar as substrate, in the presence of either NADPH or

NADH as coenzyme (conc. 3.4 mM) was measured.

The data represented in Table (6) showed that C.

tropicalis XR reduced D-xylose sugar as a substrate in

the presence of NADPH by activity of 19.5 U/mg

protein and the enzyme activity was decreased sharply

to 1.42 U/mg protein in presence of NADH as

coenzyme and the final catalytic efficiency was reduced

by 92.7% in comparison with its activity in the

presence  of NADPH as coenzyme. Ho et al.[17]

reported that C. shehatae contained only a single XR

(E.C. 1.1.1.21), but the enzyme has a dual coenzyme

specificity for both NADPH and NADH. The enzyme

is also remarkably stable at room temperature and 4°C.

The yeast C. tenuis produced one aldose reductase that

is active with both NADPH and NADH as coenzymes.

This enzyme consisted of a single 43 kDa

polypeptide . Unlike mammalian aldose reductase, the[29]

enzyme from C. tenuis is not subjected to oxidation

induced activation. Evidence of an essential lysine

residue located in or near the coenzyme beginning site

has been obtained from chemical modification of aldose

reductase . Granström et al.  studied the activity and[29] [15]

the co-factor specificity of XR and XD in extracts of

yeasts from the genera Candida, Kluyveromyces,

Pachysolen, Pichia, and Torulopsis grown under micro

aerobic conditions. It was found that XD in all of the

yeast species studied is specific for NAD+; XR in the

xylitol producing species C. didensiae, C. intermediae,

C. parapsilosis, C. silvanorum, C. tropicalis, K.

fragilis, K. marxianus, P. guilliermondii, and T.

molishiama is specific for NADPH; and XR in the

ethanol-producing species P. stipitis, C. shehatae, and

Pa. tannophilus is specific for both NADPH and

NADH.  Nidetzky  et  al.  reported that the xylose-[30]
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Fig. 4: Effect of pH on XR activity.

fermenting yeast C. intermedia produces two iso-forms

of XR, one is NADPH-dependent (monospecific xylose

reductase; msXR) and another is preferring NADH

approximately 4-folds over NADPH (dual specific

xylose reductase; dsXR).
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