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Xylanases have largely been obtained from filamentous fungi and bacteria; few studies have investigated
the production of this enzyme by yeasts. The aim of this study was to isolate yeasts from different
sources, such as vegetables, cereal grains, fruits, and agro-industrial waste and to obtain yeasts
capable of producing celulase-free xylanase. Samples were enriched using yeast malt broth, and yeasts
were isolated on Wallerstein nutrient agar. In all, 119 yeast strains were isolated and evaluated in terms
of their ability to degrade xylan, which was found in the medium by using agar degradation halos, the
basis of this polysaccharide, and Congo red dye. Selected microorganisms were grown in complex
medium and the enzymatic activities of endo-xylanase, B-xylosidase, carboxymetilcellulase, and filter
paper cellulose were determined over 96 h of cultivation; the pH and biomass concentration were also
evaluated. The yeast strain 18Y, which was isolated from chicory and later identified as Cryptococcus
laurentii, showed the highest endo-xylanase activity (2.7 U.mL™). This strain had the ability to produce
xylanase with low levels of cellulase production (both CMCase [0.11 U.mL™] and FPase [0.10 U.mL™)).
This result gives this strain great biotechnological potential since this enzyme can be used for industrial
pulp and paper bleaching.
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INTRODUCTION hydrolysis of the main chain: the former attacks the main

internal chain of xylosidic linkages and the latter yields

Xylan, the major component of the hemicellulose complex,
is a heterogeneous polysaccharide found in the plant cell
wall, formed by xylopyranosyl residues linked by (3-1,4-
glycosidic bonds (Flores, 1997). An enzymatic complex is
responsible for the total hydrolysis of xylan, but its main
enzymes are endo-1,4-B-xylanase and B- xylosidase
(Polizeli, 2005). These enzymes are responsible for the

xylosyl residues by endwise attack of xylooligosaccharides
(Subramaniyan and Prema, 2002).

Endo-1,4-B-xylanase and B-xylosidase are divided into
two categories: one is associated with polysaccharidases
(for example, cellulases) and the other is cellulase-free
(Biely, 1985). The former is used for the production of
hydrolysates in food and beverage processing (Sreenath,
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1996), in animal feed, to reduce viscosity and improve
the digestibility of nutrients (Ahmad et al., 2013; Viana,
2011; Mathlouthi, 2003) and production of xylitol used as
a natural sweetener (Parajo et al., 1998; Usama et al.,
2013). Cellulase-free xylanase is used for paper and
vegetable fiber bleaching (Damiano, 2003; Bocchini et
al., 2003; Techapun et. al., 2003; Shangi, 2009).

Cellulase-free xylanase is used mainly in the pulp and
paper industries for pretreating pulp prior to bleaching to
minimize the use of chlorine, the conventional bleaching
agent. This application has great potential as an environ-
mentally safe method (Subramaniyan, Prema, 2000).

These enzymes are produced by molds, bacteria,
yeasts, marine algae, among other organisms, but their
main commercial sources are filamentous fungi (Polizeli
etal., 2005). Xylanases from filamentous fungi are generally
associated with the production of cellulases (Steiner,
1987), which may not be desirable, depending on the
application of the enzyme.

Xilanolitic systems have largely been obtained from
filamentous fungi (Adesina, 2013; Rao, 2002, Cacais,
2001) and bacteria (Rajagopalan et al. 2013; Chavez et
al., 2006); there are few studies on the production of this
enzyme by yeasts (Lara et al, 2014; Lopes, 2011,
Pedtrescu, 2000). To the best of our knowledge, there
have been no studies on the production of hydrolytic
cellulases (CMCase and FPase) and p-xylosidase
associated with the production of xylanases by yeasts;
the only related studies have been conducted on
filamentous fungi (Malabadi, 2007; Petrescu, 2000;
Gottschalk, 2013).

It is important to isolate yeast strains that produce the
xylanase enzyme to develop new process for synthesizing
products of biotechnological interest. Therefore, the aim
was to isolate and select yeasts from food and residues
capable of producing cellulase-free xylanase enzymes.

MATERIALS AND METHODS
Sample collection

Samples were obtained from different cities in southern Rio Grande
do Sul: Pelotas (31°63"S/52°33"W), Rio Grande (31°21°S/52°38W),
S&o Lourengo (31°25°S/52°13'W), Quinta (32°08°S/52°26'W), and
Povo Novo (31°93°S/52°30'W). The samples collected were
vegetables (chayote, chicory, radicci, tomato), grains (soybeans,
corn, rice), fruits (banana, jelly palm, grape), and agro-industrial
wastes (rice husk, corn cobs, soybean hulls). Samples (10 g) were
collected, stored in sterile plastic bags and transported under
refrigeration to the laboratory within 24 h. For the isolation of
yeasts, parts of the fruits and vegetables (stems, leaves, roots)
were evaluated separately.

Yeast isolation

For enrichment, about 2.5 g of each sample was inoculated into

25 mL yeast malt broth composed of 3 g.L™ yeast extract; 3 g.L™
malt extract; 5 g.L™" peptone; and 10 g.L™ glucose (pH 6.0); the
samples were then incubated at 25°C for 72 h at 150 rpm (Maugeri,
2007).

Cultures were streaked onto Petri dishes with Wallerstein nutrient
agar composed of 4 g.L™ yeast extract; 5 g.L™" bactocasitone; 50
g.L? dextrose; 550 mg.L™ KH,PO,; 125 mg.L™ KCI; 250 mg.L™*
MgSO,4-7H:0; 2.5 mg.L" FeCls; 2.5 mg.L* MnSO4 22 mg.L?
Bromocresol green, and 20 g.L™ agar at pH 5.5. Cultures were
grown at 25°C for 72 h. Colonies were transferred and maintained
in GYMP agar (20 g.L™ glucose, 5 g.L™ yeast extract, 10 g.L™* malt
extract, 2 g.L™" KH,PO,, and 20 g.L™" agar at pH 5.5) at 4°C in a
slant tube (Maugeri, 2007). HCI was used to adjust the pH.

Screening yeast for xylanase activity

For the selection of yeasts capable of producing xylan-degrading
enzymes, all isolated yeasts were tested using two different
methods. In Method 1 (Whitaker, 2002), only a medium containing
xylan (2 g.L'") and agar (17 g.L™) was used. In Method 2 (Lopes,
2011), the following medium was used: 10 g.L™ Beechwood xylan
(Sigma); 0.6 g.L* yeast extract; 7.0 g.L™ KH,PO4; 2.0 g.L™ K;HPO,;
0.1 g.L™" MgS04.7H;0; 1.0 g.L™* (NH4),SO4, and 15 g.L™ agar; HCI
was used to adjust the pH to 5.0. From the yeasts in GYMP agar,
the inoculum was transferred to xylan agar plates, by picking one
by one using a toothpick and incubated at 30°C for 72 h. The
clearance zones produced around the yeast colonies in the medium
were visible when Congo red was used. They were discolored by
sodium chloride at different concentrations.

The diameters of the zones of clearance and colonies were
measured in millimeters and the enzymatic index (El) was
calculated by Equation 1:

__diameter hydrolysis zone
diameter colony '

El

Strains with an El above 1.0 were considered to be potential
producers of xylanase in Method 1 (Whitaker, 2002), whereas
strains with an El above 2.5 were considered to be potential
producers in Method 2 (Lopes, 2011).

Production of xylanase in liquid medium

Only the yeast strains considered to be potential producers of
xylanase (which met the criteria described above) were pre-grown
in liquid medium. The inoculum was grown in 150 mL medium, as
follows: 10.0 g.L™* Beechwood xylan; 3.0 g.L™ yeast extract; 7.0 g.L°
1 KH,PO4; 2.0 gL' K:HPOs; 0.1 g.L™MgSO..7H,0; 1.0 g.L*
(NH4)SO,4 and 5.0 g.L™ peptone; the samples were grown at pH 6.0
(adjusted using HCI), 30°C, and 150 rpm for 24 h (Lopes, 2011).
The cultivation was carried out in 500 mL Erlenmeyer flasks
containing 150 mL of the same medium and was inoculated with
cellular suspension (10° cells.mL™) obtained from a 24 h inoculum,
incubated in a rotary shaker at 30°C and 150 rpm. The samples,
which had been collected over 96 h of fermentation (samples were
taken every 12 h until peak activity was observed, after which they
were immediately withdrawn every 24 h), were centrifuged at 6,000
x g at 4°C for 10 min. The cell-free supernatant was used to
determine pH and the activities of enzymes (endo-xylanase,
cellulase, and B-xylosidase). The precipitated cells were then used
for biomass determination; the tests and analytical measurements



were performed in triplicate.

Analytical methods
Enzyme assay

Carboxymethylcellulase activity was assayed using a reaction
medium containing 0.5 mL substrate (2% [w/v] solution of
carboxymethylcellulose) and 0.5 mL crude enzymatic extract and
incubated for 30 min at 50°C. Reducing sugars were assayed as
glucose using the DNS method (Miller, 1959). Filter paper activity
was assayed using a reaction medium containing 0.5 mL crude
enzymatic extract, 1.0 mL citrate sodium buffer (pH 4.8), and 50 mg
filter paper incubated for 60 min at 50°C (Ghose, 1989). One
international unit of filter paper activity was considered as the
amount of enzyme that forms 1 ymol glucose (reducing sugar as
glucose) per min during the hydrolysis reaction. One enzyme
activity unit (U) of Carboxymethylcellulase was defined as the
amount of enzyme required to produce 1 pmol of glucose per min
under the assay conditions..

For all enzymatic activities, blanks were performed with enzymes
(buffer + enzyme) and substrates (buffer + substrate). All tests of
enzymatic activities were performed in triplicate.

Biomass determination

The biomass concentration was estimated by measuring
absorbancy in a spectrophotometer at 620 nm and relating the
readings to biomass dry weight with a calibration curve (Rech et al.,
1999).

Kinetic parameter determination

Kinetic parameters were determined for each growth curve:
maximum biomass concentration (Xmax, g.L%), maximum specific
growth rate (Umax, 1.h™%), and enzymatic productivity (P, U.mL™.h™)
of each selected yeast grown in liquid medium, as described in
“production of xylanase in liquid medium” section of this work.

The productivity (P) was calculated when the time of maximum
activity was reached, and the maximum specific growth rate (Umax)
was calculated using Equation 2 by exponential regression of the
logarithmic growth curve (Bailey and Ollis, 1986). The enzymatic
productivity was calculated using Equation 3, according to
Schmidell et al. (2001).

_1dx )
H X dt

A—A
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Where, p is the specific growth rate (h™), X is the biomass
concentration (g.L™%), A, is initial enzymatic production, t is
cultivation time at which maximum enzymatic activity occurs and t,
is the start point of cultivation.

Yeast identification
Only the yeast strain with the highest xylanase activity was

identified. Identification was based on the sequencing of the D1/D2
domains of the large subunit of the rRNA gene. The D1/D2 domains
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were amplified by PCR, directly from whole cells as previously
described (Lachance et al., 1999). Sequencing was performed on
an ABI 3130 automated DNA gene analyzer according to the
manufacturer’s instructions. The sequences were assembled,
edited, and aligned using the program MEGA6 (Tamura et al.,
2013). The sequences obtained were compared to those included
in the GenBank database using the Basic Local Alignment Search
Tool (BLAST at http:// www.ncbi.nlm.nih.gov).

Statistical analysis

The results were evaluated statistically through Variance Analysis
and Tukey test at 95% confidence level (p < 0.05), using Statistica
5.0 software.

RESULTS AND DISCUSSION

In all, 119 yeasts strains were isolated from different
types of samples to obtain microorganisms capable of
producing xylanolytic enzymes. Strains that were capable
of degrading xylan present in the medium and that met
the criteria of both methods were chosen. Results were
expressed in terms of rings of hydrolysis, revealed by the
addition of Congo red dye. Among the strains tested, 23
were able to hydrolyze xylan, but only 7 of those (6% of
all microorganisms) met the criteria of both methods and
thus were selected (Table 1). These results were
considered promising since they are similar to those of
previous studies. For example, Rao et al. (2008) obtained
374 yeasts from tree bark and decaying fruits that were
evaluated for the ability to ferment xylose, and found that
27 isolates (7.2%) converted it into ethanol. Similarly,
Lopes et al. (2011) evaluated 349 yeasts in Petri plates,
and found that 9 (2.6 %) showed an enzymatic index
above 2.5.

The enzymatic index, a semi-quantitative parameter
applied to evaluate the ability of yeast strains to produce
enzymes in solid medium, has been used by several
authors (Ribeiro et al., 2014; Adesina, 2013; Florencio,
2012; Nagar, 2012; Samanta et al., 2011; Tallapragada,
2011), who have considered it an efficient method for
screening for microorganisms. The next selection step
was performed according to the capacity of yeast strains
to produce the xylanolytic enzyme in liquid medium with
xylan. Based on the activity of endo-xylanases in the
seven yeasts under study (Figure 1a), yeast 18Y showed
the highest xylanolytic activity (2.7 U.mL'l), followed by
yeast 34Y (2.1 U.mL"l), after 36 h of cultivation. Yeast
19Y (0.5 U.mL"l) had the lowest ability to produce the
enzyme endo-xylanase. As shown in Figure 1, yeast 19Y
had the highest peak activity in the fastest culture time
(12 h), followed by yeast 13Y, which needed 24 h to
reach its maximum enzymatic activity. Yeast 40Y needed
most time (48 h) to reach its maximum compared to the
other yeasts, which had high production up to 36 h of
cultivation followed by a significant decrease after 48 h of
cultivation. The only exception was yeast 60Y since it did
not show any meaningful decrease in its activity. B-
Xylosidases are glycoside hydrolases, which catalyze the
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Table 1. Enzymatic index of yeasts isolated from different samples

Strain Samples

Enzymatic index (>1.0)

Enzymatic index (>2.5)

(Method 1) (Method 2)
13Y Tomato 6.0 4.0
18Y Chicory 3.0 3.0
19Y Chicory 2.3 25
34Y Tomato 3.0 3.5
40Y Corn Seed 2.0 2.7
53Y Tomato 2.5 3.0
60Y Chicory 4.0 2.5

release of xylose units from xylo-oligosaccharides derived
from the degradation of xylan; thus, their presence may
prove to be unsatisfactory when the aim is to obtain xylo-
oligosaccharides (Subramaniyan and Prema, 2000).
Therefore, the low levels of B-xylosidases produced by
yeasts 18Y (0.003 U.mL™) and 34Y (0.0006 U.mL™) can
be considered a positive factor. Low activities similar to
the ones found in this study (Figure 1b) were also found
by Biely (1980), who reported B-xylosidase levels below
0.1 U.mL™ produced by Cryptococcus albidus CCY 1741
in medium containing Beechwood xylan, and Bastawde
(1994), who reported low levels of B-xylosidase by a
yeast isolated from decaying wood (NCIM 3574).
However, when cultivation is conducted with filamentous
fungi, the levels of B-xylosidase tend to be higher, as
reported by Lemos (2000). This author described B-
xylosidase activities of 1.3 U.mL™ when cultivating
Aspergillus awamori in medium with sugar cane bagasse.

In the present study, the production of cellulases
(CMCase and FPase) was extremely low since all yeast
activities were lower than 0.11 U.mL™ (Figure 1c and d).
Therefore, xylanases produced by the yeasts under study
could be applied to the textile (degumming of natural
fibers), pulp, and paper industries. The values of
cellulase found in this study agreed with the results of
free-cellulase xylanase (0.02 U.mL™" for CMCase and
FPase) from Thermomyces lanuginosus reported by
Mendoza (2006). Boddireddy (2011) obtained free-
cellulase xylanase from different isolated fungi with
CMCase activities of 0.1 to 0.6 U.mL™ in submerged
cultures. Alves-Prado (2010) cultivated Lysinibacillus sp.
strain P5B1 in submerged cultures with xylan to produce
endo-xylanase and reported a CMCase activity of 0.58
U.mL™. Therefore, considering these previous results, the
findings obtained by the present study are promising.

The pH of the medium ranged from 6.0 to 7.2 (Figure
2a) during the cultivation of yeasts aimed at the
production of xylanase. The only exception was yeast
Yeasts 18Y and 34Y reached maximum enzyme 60Y: its
initial pH was 6.2 but it reached 7.6 after 96 h. production

within the first 36 h of culture at pH 7.1 and 6.7,
respectively. Lopes (2011) isolated environmental yeasts
and produced xylanase in medium with xylan. They
observed that yeasts LEB-AY 10 and LEB-AADS reached
their maximum enzymatic activity when the pH was
around 6.5.

Regarding the production of biomass (Figure 2b), yeast
34Y stood out in terms of cell growth since it reached
12.27 g.L'l. Yeast 18Y showed a maximum peak of endo-
xylanase activity of 2.7 u.mL?, coinciding with the
maximum increase in biomass production (5.75 g.L'l),
which occurred after 36 h.

The Xmax found in the yeasts under study (Table 2)
ranged from 2.54 g.L™ (yeast 53Y) to 12.27 g.L™ (yeast
34Y), whereas the productivity ranged from 0.015 g.Lth?t
(yeast 53Y) to 0.07 g.L™.h™" (yeast 18Y). The highest
maximum specific growth rate (0.23 h™) was obtained by
yeast strain 53Y while yeast 34Y had the lowest one
(0.05 h™).

Yeast 18Y, which showed the highest endo-xylanase
activity, was submitted to sequencing of the D1/D2
domains of the large subunit of the rRNA gene, and
identified as Cryptococcus laurentti. Studies using micro-
organisms for xylanase production are mainly performed
using filamentous fungi (Guimarées, 2006) and bacteria
(Vieira, 2007). The yeasts described in the literature as
producing endo-xylanase include Trichosporon (Stevens,
1977), Pichia stipitis (Lee et al., 1986), Aureobasidium
pullulans (Leathers et al., 1986), Cryptococcus albidus
(Biely, 1980), and Cryptococcus flavus (Parachin et al.,
2009; Yasui, 1984). Lopes (2011) isolated two strains of
Cryptococcus that produced endo-xylanase with activities
of 0.67 and 0.73 U.mL™. Morais et al. (2013) isolated
yeasts from decaying wood and tested their ability to
ferment xylose and produce endo-xylanase; the main
yeasts were Cryptococcus laurentti, Cr. humicola, Cr.
flavences, and Cr. podzolicus. Lara et al. (2014) isolated
C. laurentti UFMG-HB-48, which

produced extracellular xylanase with an activity of nearly
1.3U.mL™.
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Figure 1. Activities of endo-xylanase (a), B-xylosidase (b), CMCase (c), and FPase (d) in the isolated yeasts in
medium with xylan as its carbon source. (m) Yeast 13Y; (o) Yeast 18Y; (A) Yeast 19Y; (o) Yeast 34Y; (A) Yeast
40Y; (o) Yeast 53Y; and (%) Yeast 60Y.

The enzymatic activities obtained in the present study from yeasts but also because the activities that were
are relevant not only because xylanase was produce d observed were found under conditions that had not been
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optimized in terms of pH, temperature, stirring speed, the
addition of ions, and so forth. Thus, their activities
could be higher than observed.

The results also indicate that the samples used were
suitable for the isolation of yeasts capable of producing

xylan-degrading enzymes. Out of 119 isolated yeast
strains, C. laurentti 18Y (isolated from chicory) showed
the highest production of endo-xylanase (2.7 U.mL'l); the
averages of all the yeasts were evaluated statistically
throughout the cultivation, as well as the maximum
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Figure 2. The pH (a) and biomass (b) of the isolated yeasts in medium with xylan as its carbon
source over 96 h, where: (m) Yeast 13Y; (o) Yeast 18Y; (A) Yeast 19Y; (o) Yeast 34Y; (A) Yeast
40Y; (o) Yeast 53Y; and (%) Yeast 60Y.

temperatures were compared, where the yeast was B-xylosidade.

statistically superior 18Y of other yeasts. This yeast species The potential industrial application of such cellulase-
had the ability to produce endo-xylanase that was free of free xylanase, especially from yeast strains that show
cellulase (CMCase and FPase) and showed low levels of activity at a neutral pH, will be attractive to the paper and
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Table 2. Kinetic parameters of isolated yeasts + standard deviation.

Yeast Xmax (9.L7) Umax (h™) Productivity (U.mL.h™7)
13Y 9.82 +0.180 0.13 +0.002 0.05 + 0.0021
18Y 5.75 + 0.001 0.13 +0.001 0.07 + 0.0016
34y 12.27 +0.001 0.05 + 0.001 0.05 + 0.001
40Y 5.08 + 0.001 0.11 +0.001 0.01 +0.001
53Y 2.54 +0.001 0.23 +0.007 0.05 + 0.001
60Y 4.68 +0.005 0.13 +0.001 0.05 + 0.001
19Y 2.88 + 0.001 0.16 + 0.001 0.03 + 0.001

pulp industries to improve the quality of paper pulp as
well as to minimize environmental pollution, which occurs
due to the use of hazardous chemicals by these
industries. In addition, these xylanases could also be
used in agriculture; in the production of human food,
cattle feed, and pet food; and in the production of xylo-
oligosaccharides for pharmaceutical purposes.

Conflict of interests

The author(s) did not declare any conflict of interest.

ACKNOWLEDGMENTS

The authors would like to thank the Conselho Nacional
de Desenvolvimento Cientifico e Tecnoldgico (CNPq)
process number 486.238/2012-1, the Fundacédo de
Amparo a Pesquisa do Estado do Rio Grande do Sul
(FAPERGS) process number 12.1785-0, Fundacdo do
Amparo a pesquisa do Estado de Minas Gerais
(FAPEMIG) process number APQ-01347-12 and the
Coordenacao de Aperfeicoamento de Pessoal de Nivel
Superior (CAPES) for scholarship.

REFERENCES

Adesina FC, Onilude AA (2013). Isolation, identification and screening
of xylanase and glucanase-producing microfungi from degrading
wood in Nigeria. Afr. J. Agric. Res. 8:4414-4421.

Ahmad Z, Butt MS, Hussain R, Ahmed A, Riaz M (2013). Effect of oral
application of xylanase on some hematological and serum
biochemical parameters in broilers. Pak. Vet. J. 3: 388-390.

Alves-Prado HF, Pavezzi FC, Leite RS, de Oliveira VM, Sette LD,
Dasilva R (2010). Screening and production study of microbial
xylanase producers from Brazilian Cerrado. Appl. Biochem.
Biotechnol. 161: 333-346.

Bailey MJ, Biely P, Poutnen K (1992). Interlaboratory testing of
methodos for assay of xylanase activity. J. Biotechnol. 23:257-270.
Bailey JE, Ollis DF (1986). Biochemical Engineering Fundamentals,

Singapore: McGraw-Hill.

Bastawde KB, Puntambekar US, Gokhale DV (1994). Optimization of
cellulase-free xylanase production by a novel yeast strain. J. Ind.
Microbiol. 13:220-224

Biely P, Vrsanka M, Kratky Z (1980). Xylan degrading enzymes of the
yeast Cryptococcus albidus. Identification and cellular localization.

Eur. J. Biochem. 108: 313-321.

Biely P (1985). Microbial xylanolytic systems. Trends Biotechnol. 3:
286-290.

Bocchini DA, Damiano V, Gomes E, Da Silva R (2003). Effect of
Bacillus circulans DI themostable xylanase on bio-bleaching of
Eucalyptus Kraft Pulp. Appl. Biochem. Biotechnol. 106, 393-402.

Boddireddy S, Charya S (2011). Isolation, identification and screening
of potencial cellulose-free xylanase producting fungi. Afr. J.
Biotechnol. 10:4624-4630.

Cacais AOG, Silveira FQP, Ferreira Filho EX (2001). Production of
xylan-degrading enzymes by a Trichoderma harzianum strain. Braz.
J. Microbiol. 32: 141-143.

Chavez R, Bull P, Eyzaguirre J (2006). The xylanolitic enzyme system
from the genus Penicillium. J. Biotechnol. 123: 413-433.

Florencio C, Couri S, Farinas CS (2012). Correlation between agar
plate screening and solid-state fermentation for the prediction of
cellulase production by Trichoderma strains. Enzyme Res. 1-7.

Flores ME, Pérez R, Huitron C (1997). B-xylosidase and xylanase
characterization and production by Streptomyces sp. CH-M-1035.
Lett. Appl. Microbiol. 24: 410-416.

Guimardes LHS, Peixoto-Nogueira SC, Michelin M, Rizzati ACS,
Sandrim VC, Zanoelo FF, Aquino ACMM, Junior AB, Palizeli MLTM
(2006). Screening of filamentous fungi for production of enzymes of
biotechnological interest. Braz. J. Microbiol. 37: 474-480.

Ghose TK (1987). Measurement of cellulase activities. Pure Appl.
Chem. 59: 257-268.

Gottschalk LMF, Paredes RS, Teixeira RSS, Silva AS, Bon EPS (2013).
Efficient production of lignocellulolytic enzymes xylanase, B-
xylosidase, ferulic acid esterase ando B-glucosidase by the mutant
strain Aspergillus awamori 2B.361 U2/1. Braz. J. Microbiol. 44:569-
576.

Lachance MA, Bowles JM, Starmer WT, Barker JSF (1999) Kadomaea
kakaduensis and Candida tolerans, two new yeast species from
Australian Hibiscus flowers. Can. J. Microbiol. 45:172-177.

Lara CA, Santos RO, Cadete RM, Ferreira C, Marques S, Girio F,
Oliveira ES, Rosa CA, Fonseca C (2014). Identification and
characterisation of ylanolytic yeasts isolated from decaying wood and
sugarcane bagasse in Brazil. Antonie van Leeuwenhoek 105:1107-
1119.

Leathers TD, Detroy RW, Bothas, RJ (1986). Induction and glucose
repression of xylanase from a colour variant strain of Aurobasidium
pullulans. Biotechnol. Lett. 8:867-872.

Lee H, Biely P, Latta RK, Barbosa MFS, Schneider H (1986). Utilization
of xylan by yeasts and its conversion to ethanol by Pichia stipitis
strains. Appl. Environ. Microbiol. Appl. 52:320-324.

Lemos JLS, Bom EPS, Santana MFE, Junior NP (2000). Thermal
stability of xylanases produced by Aspergillus awamori. Braz. J.
Microbiol. 31:206-211.

Lopes F, Motta F, Andrade CCP, Rodrigues MI, Maugeri-filho F (2011).
Thermo-stable xylanases from non-conventional yeasts. J. Microbiol.
Biochem. Technol.
3:36-42.

Malabadi RB, Raghavendra S, Kumar SV (2007). Production of
cellulose-free xylanase from a novel yeast strain used from


http://authormapper.com/search.aspx?val=name%3aPuntambekar%2c+U.+S.&val=name%3aBastawde%2c+K.+B.&val=name%3aGokhale%2c+D.+V.
http://www.springerlink.com/openurl.asp?id=doi:10.1007/BF01569752
http://www.springerlink.com/openurl.asp?id=doi:10.1007/BF01569752

biobleaching in paper industry. Res. J. Microbiol. 2:24-33.

Mathlouthi N, Mohamed MA, Larbier M (2003). Effect of enzyme
preparation containing xylanase and 3-glucanase on performance of
laying hens fed wheat/barley or maize/soybean meal based diets. Br.
Poult. Sci. 44:60-66.

Maugeri F, Hernalsteens S (2007). Screening of yeast strains for
transfructosylating activity. J. Mol. Catal. B Enzym. 49: 43-49.

Mendoza NS, Caliwara TEM, Unciano NM (2006). A Local Isolate of
Non-cellulolytic, xylanolytic, and pectinolytic thermophilic fungus
Thermomyces lanuginosus Ci,. Philipp. J. Sci. 135:113-119.

Miller GL (1959). Use of dinitrosalicylic acid reagent for determination of
reducing sugar. Anal. Chem. 31:426-428.

Nagar S, Mittal A, Gupta VK (2012). A cost effective method for
screening and isolation of xylan degrading of bacteria using agro
waste material. Asian. J. Biol. Sci. 5: 384-394.

Parachin NS, Siqueira S, de Faria FP, Torres FAG, de Moraes LMO
(2009).Xylanase from Cryptococcus flavus isolate I-11: enzymatic
profile, isolation and heterologous expression. Of CfXYN1 in
Saccharomyces cerevisiae. Mol. Catal. B Enzym. 59:52-57.

Petrescu |, Lamote-Brasseur J, Chessa JP, Ntarima P, Claeyssens M,
Deureese B, Marino G, Gerday C (2000). Xylanase from the
psychrophilic yeast Cryptococcus adeliae. Extremophiles 4:137-144.

Polizeli MLTM, Rizzatti ACS, Monti R, Terenzi HF, Jorge JA, Amorim
DS (2005). Xylanases from fungi: properties and industrial
applications. Review Appl. Microbiol. Biotechnol. 67:577-591.

Rajagopalan G, Yew KW, He J, Yong KL (2013). Production,
purification and characterization of a xylooligosaccharides forming
xylanase from high butanol producing strain Clostridium sp BOH3.
Bioenerg. Res. 6:448-457.

Rao RS, Bhadra B, Shivaji S (2008). Isolation and characterization of
ethanol-producing yeasts from fruits and tree barks. Lett. Appl.
Microbiol. 47:9-24.

Rech R, Cassini CF, Secchi A, Ayub M (1999). Utilization of protein-
hydrolyzed cheese whey for production of b-galactosidase
by Kluyveromyces marxianus. J. Indust. Microbiol. ~ Biotechnol.
23:91-96.

Ribeiro LFC, Ribeiro LF, Jorge JA, Polizeli LTM (2014). Screening of
filamentous fungi for xylanases and cellulases not inhibited by xylose
and glucose. Brit. Biotechnol. J. 4:30-39.

Samanta AK, Kolte AP, Senani S, Sridhar M, Jayapal N (2011). A
simple and efficient diffusion technique for assay of endo-B-1,4-
xylanase activity. Braz. J. Microbiol. 42:1349-1353.

Schmidell W, Lima AU, Aquarone E, Borzani W (2001). Biotecnologia
Industrial. Edgard Bliicher LTDA, Sao Paulo, SP.

Sreenath HK, Shah AB, Yang VW, Gharia MM, Jeffries TW (1996).
Enzymatic polishing of jute/cotton blended fabrics.J. Ferment.
Bioeng. 81:18-20.

Steiner W, Lafferty RM, Gomes |, Esterbauer H (1987). Studies on a
wild type strain of Schizophyllum commune: Cellulase and xylanase

Otero et al. 1969

production and formation of the extracellular polysaccharide
schizophyllan. Biotechnol. Bioeng. 30: 169-178.

Subramaniyan S, Prema P (2000). Cellulase-free xylanases from
Bacillus and other microorganisms. FEMS Microbiol. Lett. 183:1-20.
Subramaniyan S, Prema P (2002) Biotechnology of microbial
xylanases: enzymology, molecular biology, and application. Crit. Rev.

Biotechnol. 22:33-64.

Tallapragada P, Venkatesh K (2011). Isolation, identification and
optimization of xylanase enzyme produced by Aspergillus niger under
submerged fermentation. J. Microbiol. Biotechnol. Res 1:137-147

Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar S (2011).
MEGAS5: molecular evolutionary genetics analysis using maximum
likelihood, evolutionary distance, and maximum parsimony methods.
Mol. Biol. Evol. 28:2731-2739.

Tan L, Mayers P, Saddler J (1987). Purification and characterization of
thermostable xylanase from a thermophilic fungus Thermoascus
aurantiacus. Can. J. Microbiol. 33: 689-692.

Techapun C, Poosaran N, Watanabe M, Sasaki K (2003). Thermostable
and alkaline-tolerant microbial cellulase-free xylanases produced
from agricultural wastes and the properties required for use in pulp
bleaching bioprocesses a review. Process. Biochem. 38, 1327-134.

Usama FA, Ibrahim ZM, George | (2013). Ethanol and xylitol production
from xylanase broth of Thermomyces lanuginosus grown on some
lignocellulosic wastes using Candida tropicalis EMCC2. Life Sci. J.
10:968-978.

Viana MTS, Albino LFT, Rostagno HS, Silva, EA, Vieira RA, Ribeiro JV
(2011). Use of xylanase in diets composed of corn and soybean meal
for comercial laying hens. R. Bras. Zootec. 40:385-390.

Vieira WB, Moreira LRS, Neto AM, Ferreira Filho EX (2007). Production
and characterization of an enzyme complex from a new strain of
Clostridium thermocellum with emphasis on its xylanase activity.
Braz. J. Microbiol. 38:237-242.

Whitaker JR, Voragen AGJ, Wong DWS (2002). Handbook of Food
Enzymology, Routledge, USA.


http://www.sciencedirect.com/science/journal/13811177/49/1

