
Introduction
Xylans are hemicellulosic compounds and are the second most
abundant natural polysaccharide behind cellulose1. These
compounds are present in the cell wall and in the middle lamella of
plant cells. Xylanolytic enzymes are a group of enzymes that are
involved in the hydrolysis of xylans and arabinoxylan polymers.
These enzymes include endo-1,4-β-xylanase, β-xylosidase,
α-arabinofuranosidase and acetylxylan esterase2. Xylanases
hydrolyze 1,4-β-D-xylosidic linkages in xylan to produce
xylooligosaccharide.

The enzyme system employed for the breakdown of xylan may
become important tools in establishing economically and
ecologically beneficial processes for using the second most
abundant renewable polysaccharide in nature and their biological
potential is unlimited at present time. The potential applications
of xylanases include the bioconversion of lignocelluloses into
sugars, ethanol and other useful substances, clarifying juices
and wines, extracting plant oils, coffee and starch and improving
the nutritional value of silage and green feed3. In recent years,
interests have been growing in the application of xylanase in the
pulp and paper industr4. These xylanase-based processes reduce
or replace the ecologically harmful alkaline extraction of
hemicelluloses and the need for chlorine in bleaching, leading to

a mixture of fermentable sugars instead of polluting waste liquors5.
In addition xylanases may be applied to upgrade (or softening)
jute fibre of low quality, which comprises about the one-third of
the total world jute production6.

The bioconversion of xylan into simple sugars is brought about
by xylanolytic enzymes of several fungi, bacteria, actinomycetes
etc. Several species of organisms are known to produce xylanase
and β-xylosidase, which enables xylan to hydrolyze. Genomic
libraries were constructed from microbial DNA isolated from insect
intestinal tracts from the orders Isoptera (termites) and
Lepidoptera (moths). Using a targeted functional assay, these
environmental DNA libraries were screened for genes that encode
proteins with xylanase activity7. Unusual bacterial xylanases were
obtained from termite gut, which indicates the involvement of
bacterial species in the degradation of hemicellulosic materials in
conjunction with symbiotic fungus and protozoa, which have
already been reported. Nevertheless, microbial species of termite
origin are involved in the degradation of hemicelluloses are poorly
defined. Further investigation required identifying microorganisms
that produce xylanase.

The present study aims the isolation of potential xylanolytic
bacteria from termite gut towards obtaining substantial enzyme
preparation for its technical application. Furthermore, the
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clarification of the xylanolytic system in termite is of importance
in understanding not only the xylanolytic system of termites but
also the evolution of the interaction between termites and their
intestinal symbionts.

Materials and Methods

Microorganism
A single worker termite was washed several times with sterile
saline water. Under the low power magnification (x20) the termite
placed on the nutrient agar medium was operated by using sterile
sharp needle. To get isolated colonies the gut contents were
streaked onto the medium by sterile loop8. The potential xylanolytic
isolate was identified from the termite gut following the modified
procedure of Choi et al.9, was selected for further investigation
and the strain was maintained in nutrient agar slant.

Substrate preparation
Air-dried cellulosic substrates such as rice straw, jute cuttings,
saw dust and corn cobs were separately sieved in bulk through a
large 1-mm screen, and particle sizes less than 1 mm were used in
this study. These substrates were pretreated by boiling in 0.5%
NaOH (0.1 g NaOH/g substrate) for 1 h following the method of
Gray et al.10. The commercial substrates such as xylan, xylose,
glycerol, glycerol etc. were used without pretreatment.

Growth measurement
The total viable bacterial cells in a liquid culture were determined
by the serial dilution technique. One-tenth ml of an appropriated
dilution was aseptically spread onto nutrient agar plates and
incubated at 37oC for 24 h and the number of colonies was counted
with a colony counter.

Production of xylanase by intestinal bacterium in termite
The potential xylanolytic bacteria isolated from termite gut was
investigated to determine the growth for the maximum production
of the extracellular xylanase during growth on xylan substrate.
The bacterial isolate was grown in 50 ml Dubos liquid medium
containing 1% of the substrate in a 250-ml conical flask at 40°C in
the orbital shaker for different growth periods (12, 18, 24, 30, 26
and 42 h). Duplicate samples were collected for determination of
growth and the enzyme activity.

Enzyme assays
Xylanase, α-mannanase, carboxymethyl cellulase (CMcase),
cellulase and α-amylase activities were determined using 1%
birchwood xylan, 0.1% guar gum, 1% carboxymethyl cellulose
(CMC), 1% cellulose and 1% soluble starch solutions,
respectively. All the substrates were available from Sigma (USA).
The reaction mixture containing 0.1 ml substrate and 0.1 ml suitable
diluted enzyme solution was incubated at 55°C for 30 min. The
amount of reducing sugar produced was subsequently determined
by the method of Nelson11. One unit (U) of enzyme activity was
defined as the amount of enzyme that liberates reducing sugars
equivalent to one µmol of respective monosaccharide (xylose or
glucose) per min under assay conditions. Specific activity of the
enzyme was obtained by dividing enzyme activity in unit by total
protein in micro-Lowry method12. It was expressed as U/mg under
standard condition.

Estimation of protein
The protein content of the samples was determined according to
the method described by Lowry et al.12.

Chemical assay
The total reducing sugars present in the culture supernatant were
estimated using the method of Nelson-Somongyi13.

Results and Discussion
Termite microbial species involved in the degradation of
hemicelluloses are poorly defined14. Four xylanases have been
purified and characterized from termite and its symbiotic fungus15,
but there is paucity of information on the involvement of bacterial
species of termite origin in the degradation of hemicellulosic
materials. One of the objectives was the screening out the most
potential xylanolytic isolate from termite intestine as there is a
report7 on the possible role of termite intestinal bacteria in the
degradation of lignocellulosic materials.
Effort was taken to find out the optimum conditions for the maximum
production of xylanase from the most potential isolate. The
bacterium was grown on various substrates and environmental
conditions in shake-flask cultivations. The viable cell count and
xylanase activity varied with incubation time for the bacteria.
Production of xylanase was found to be growth related as increasing
enzyme activity (0.72 U/ml) was found after 24 h with the highest
number of viable cells (8.5 x 108 cells/ml) (Figure 1). In addition to
xylanase activity, the bacterial isolate showed the ability to produce
other hydrolytic enzymes such as cellulase, carboxymethylcellulase
(CMCase), á-mannanase, á-amylase and protease. Based on the
results of this study, it can be concluded that the formation of
xylanase, cellulose, mannanase and amylase is inducible in the
bacterium from termite gut. This is in agreement with several fungi
that have been closely investigated with respect to the regulation
of xylanase or cellulase biosynthesis16-18.

Figure 1. Production of xylanase by termite intestinal xylanolytic
bacterium in Dubos liquid medium supplemented with 1% xylan
as substrate.
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Various xylan rich substrates, mainly agricultural residues were
evaluated for xylanase production. NaNO3 was supplemented as
an inorganic nitrogen source. Comparison of results showed that
birchwood xylan induced maximum activity of xylanase (0.86 U/
ml). Among the natural lignocellulosic materials wheat bran
induced considerable amount of the enzyme (0.56 U/ml), whereas
other steam-treated substrates gave relatively low amount of the
enzyme activity (Figure 4). Kosugi et al.19 also reported that
xylanase induction by Clostridium cellulovorans, an anaerobic,

Though xylan was found to be the best inducer of the xylanase
enzyme, it is very expensive to be used as substrate for commercial
production of the enzyme. Since wheat bran was found to be the
most potent carbon source among the lignocellulosic substrates,
different concentration of the substrate (0.5-7.0% w/v), in Dubos
liquid medium at 40°C for 24 h under shaking incubation, was used
to find out the optimum concentrations of wheat bran for the
maximum production of xylanase. The highest production (0.91-
0.96 U/ml) was observed when the substrate concentrations were
between 3.0 and 5.0 % (Figure 5). From a commercial viewpoint, the
use of wheat bran is very advantageous because, it is very cheap
and readily available in all seasons everywhere in the world. Unlike
pure xylan, different biopolymer residues of this substrate may
cause contamination with the extracellular enzyme products
rendering the problems in enzyme recovery and purification.

Effect of initial culture pH and temperature on the enzyme
production was studied. The bacterial isolate was grown in Dubos
liquid medium of different culture pH values (pH 4.0-8.0) containing
1% (w/v) xylan as substrate at 40°C in a shaker for 24 h. The
maximum activity was found with the initial culture pH of 7.0
(Figure 2). To find the temperature optima for the production of
enzyme the isolate was grown in Dubos liquid medium under
shaking incubation at different temperature (30-60°C for 24 h at
pH 7.0. The maximum activity was found at 40°C (Figure 3).

Figure 2. Effect of initial culture pH on production of
extracellular xylanase by termite intestinal bacterium.

Figure 3. Effect of cultivation temperature on production of
extracellular xylanase by termite intestinal bacterium.

mesophilic, cellulolytic bacterium, was highest when birchwood
xylan was used as the sole source of carbon in the medium.

Figure 4. Effect of different carbon sources on the production of
extracellular xylanase by termite intestinal bacterium. 1 = Xylan
2 = Xylose; 3 = Glycerol; 4 = Glucose;  5 = Corncobs;  6 =
Wheat bran; 7 = Jute powder; 8 = Rice straw; 9 = Saw dust.

Figure 5. Effect of different concentrations of wheat bran on the
production of extracellular xylanase by termite intestinal
bacterium.
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To find the appropriate concentration of yeast extract in the enzyme
production medium, the bacterium was grown in Dubos liquid
medium with different concentrations of yeast extract (0.01-1.0%
w/v) at 40°C for 24 h under shaking incubation. A concentration
of 0.025% (w/v) NH4NO3 was incorporated into each of the
medium. Increased induction of the enzyme was found with the
increased amount of yeast extract (Figure 7). The highest enzyme
activity (1.65 U/ml) was found at concentration range of 0.05-
0.06% (w/v) yeast extract. Beyond this concentration no
remarkable change in the enzyme activity was found.

medium with 1% (w/v) xylan at an initial culture pH of 7.0 for 24 h
under shaking and static conditions. The amount of enzyme
produced under shaking condition was considerably higher (1.4
U/ml) than that produced under static condition (0.3 U/ml). Further
investigation was carried out to find out the optimum-shaking
rate. The bacterium was cultivated in the same medium with
optimum cultural and environmental conditions under various
shaking rate (15, 175, 200 and 225 rpm.). Maximum amount of
xylanase was produced at shaking rate of 200 rpm. Further increase
of agitation rate resulted excessive foaming and reduced enzyme
activity. Experiment was also carried out using 200 ml of culture
medium in a 1,000-ml flask and 125 ml of medium in a 250-ml flask.
The bacterium grew well in both flasks under shaking conditions
(200 rpm). Higher amount of enzyme was produced in 1,000-ml
flask than 250-ml flask. It was apparent from the study that the
bacterium produced maximum level of enzyme under shaking
incubation (200 rpm) with the flask volume to medium volume
ratio of 5:1.

Table 1. Effect of shaking and flask volume/medium volume ratio
on the production of xylanase by the bacterium isolated from
intestine of termite

Growth condition Xylanase activity (U/ml)

Shaking (rpm)

     150 1.03

     175 1.30

     200 1.40

     225 1.10

     Static 0.30

Flask volume to medium volume ratio

     5:1 1.50

     2:1 1.30

It can be inferred that high amount of the enzyme could be
produced by the intestinal bacteria in termite after optimization of
cultural medium and culture conditions in shake-flask system
where oxygen and culture pH are not properly controlled.
Therefore, production efficiency of the bacterium can be improved
either by controlled fermentation system and more production of
the enzyme can be expected when the bacterium can be cultivated
in a semi-continuous or batch fermentation system under
controlled conditions of pH and oxygen supply. The potential
xylanolytic bacterium isolated from termite gut requires further
investigation with regard to its identification, comparison of its
ability to produce extracellular xylanase with other potential
xylanolytic organisms and expression of this enzyme in a suitable
organism for its industrial application.
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