Xylanase production by thermophilic Actinomycete Thermobifida fusca PA1-1
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Abstract
Xylanases have been the focus of much attention due to their extensive applications in the
pulp and paper, food industries, animal feed, and bioconversion of agricultural wastes to
useful materials. Thermobifida fusca PA1-1 is one of actinomycetes that can be produce
xylanase. This study focused on optimal condition for production of xylanase using various
agricultural wastes as carbon sources instead of xylan in shaking flask. It was found that rice
straw was the most potential carbon sources for higher xylanase production compared with
other agricultural wastes. The influence of various culture conditions including; fermentation
period, initial concentration of carbon sources, initial pH and incubating temperature was
studied. The highest xylanase activity (24.87 unit/ml) was observed in 1.5% rice straw for 6
days at 50oC after 6 days with an initial pH of 11.0.
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Introduction
Xylan is the second most abundant biopolymer after cellulose and the major hemicellulosic
polysaccharide found in the plant cell wall. (Timell, 1967) It consists of β-1,4-linked
xylopyranosyl residues and branches of neutral or uronic monosaccharides and
oligosaccharides (Joseleau et al. 1992).
Xylanase (endo-1,4-β-D-xylan xylanohydrolase; EC 3.2.1.8) is an the key enzyme for the
break down of xylan. It is an extracellar enzyme, which can degrade xylan to short-chain
xylooligosaccharides of varying lengths (Krengel et al. 1996). Xylanases have increased their
importance due to their potential application in the pulp and paper, food industries, animal
feed, and bioconversion of agricultural wastes (Tucker et al. 1989; Xu et al. 2000; Nunez et
al. 2001; Saha, 2003; Moers et al. 2003).
The various biotechnological techniques like submerged and solid state fermentation are
employed for xylanase biosynthesis (Cai et al. 1998; Gawande and Kamat 1999; Kansoh and
Gammel 2001). The submerged fermentation is most beneficial as compared to other
techniques due to more nutrients availability, sufficient oxygen supply and less time required
for the fermentation (Hoq et al. 1994; Gomes et al. 1994; Veluz et al. 1999; Gouda 2000).
The production of microbial xylanase is preferred over plant and animal sources, because of
their availability, structural stability and easy genetic manipulation (Bilgrami and Pandy
1992). Industrial process conditions are generally hostile in terms of extremes of temperature,
pH, presence of inhibitors etc., and the enzymes intended to be used for such processes must
be withstand such conditions. Majority of the reported xylanases do not meet such criteria
(Sharma and Bajaj 2005; Bocchini et al. 2008). Therefore, search for still better enzymes
which comply well with the industrial processes is in progress (Bajaj and Abbass 2011;
Kumar and Satyanarayana 2011). Another major hurdle for wide range application of
enzymes in industries is high cost of their production (Bajaj et al. 2011). Pure substrates
being highly expensive cannot be afforded at the industrial-level bulk production of enzymes.
Therefore, it is necessary to explore cheap substrates for cost-effective enzyme production.
Agricultural residues represent one such cheap raw material for industrial production of
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enzymes (Geetha and Gunasekaran 2010; Bajaj and Wani 2011), and are available in
abundance in countries with extensive agriculture.
This paper reports the determination of the optimum environmental conditions for the
production of xylanase from the thermophilic actinomycete Thermobifida fusca PA1-1 which
was isolated from palm empty bunch composted in Thailand (Kunpeuk 2011).
Methodology
Microoganism and growth conditions
Thermobifida fusca PA1-1was isolated from palm empty bunch-composted in Thailand
(Kunpeuk 2011). It was maintained as a suspension of spores and hyphal fragments in 20%
(v/v) glycerol at -20oC and routinely cultures on L-agar plates with subsequent incubation at
50oC for 96 h. The L-agar medium contained 0.5% (w/v) tryptone, 0.5% (w/v) yeast extract,
0.5% (w/v) sodium chloride, 0.1% (w/v) glucose and 1.5% (w/v) agar at pH 8.0. Distilledwater suspensions of sporulating growth were used to inoculate all liquid cultures.
Xylanase production
Distilled-water suspensions of sporulating growth were used to inoculate into 250 ml shake
flasks containing 50 ml of minimal salts-yeast extract nutrient medium (MSYE), pH 8.0 as
described previously (Ramachandra et al. 1988), supplemented with 0.5% (w/v) xylan. The
liquid medium contained: 0.6% (w/v) yeast extract, 0.01% (w/v) ammonium sulphate, 0.03%
(w/v) sodium chloride, 0.01% (w/v) magnesium sulphate, 0.02% (w/v) calcium carbonate and
1 ml of trace-elements solution, pH 8.0. The trace-elements solution contained 0.1% (w/v)
ferrous sulphate, 0.09% (w/v) zinc sulphate and 0.02% (w/v) manganese sulphate, pH 8.0.
The culture was incubated in the rotary shaking incubator at 250 rpm and 50˚C. The samples
were taken at every 24 h for 7 days, all sample were centrifuged at 4oC and the supernatant
was assayed as crude enzyme for xylanase activity.
Effect of carbon source and concentration on xylanase production
To determine the effect of various carbon sources on xylanase production, 0.5% (w/v) xylan
was replaced by 1.0% (w/v) agricultural wastes, such as corn husk, corncob, rice straw, rice
husk and sawdust. The carbon source, which showed the highest xylanase activity was
selected and its concentration was varied at 0.5, 1.0, 1.5 and 2.0% (w/v)
Optimization of initial pH and cultivation temperature
Xylanase production was studied by varying the initial pH of fermentation media ranging
from 5.0 to 14.0 using above mentioned carbon sources. For optimization of cultivation
temperature, the xylanase production was performed at various temperatures (40, 45, 50 and
55˚C).
Xylanase assay
The xylanase activity was measured by determining the amount of reducing sugars from
soluble xylan using 3,5-dinitro-salicylic acid (DNS) method (Miller, 1959). The reaction
mixture consisted of 0.1 ml of xylan solution (1% Beechwood xylan as substrate) in 50 mM
phosphate buffer (pH 7.0) and 0.1 ml of suitably diluted enzyme solution. The reaction was
run at 50˚C for 30 min and stopped by adding DNS reagent. Then the treated samples were
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boiled in boiling water for 5 min, cooled on ice for 5 min and spectrophotometrically
measured at 540 nm. One unit of xylanase activity is defined as an amount of enzyme
releasing 1 µmol of reducing sugar using xylose as standard under the assayed condition.
Results and Discussion
Effect of carbon source on xylanase production
The time course of the xylanase production was studied by using various carbon sources,
such as 0.5% (w/v) xylan and 1.0% (w/v) of corn husk, corncob, rice straw, rice husk and
sawdust as shown in Fig. 1.
The maximum of xylanase production of T. fusca PA1-1 was observed after 6 days at 16.74
unit/ml when rice straw was used as a carbon source. Further incubation after this did not
show any increment in the level of enzyme activity.
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Figure 1 Time course of xylanase production of Thermobifida fusca PA1-1 from various
carbon sources at 50˚C and 250 rpm for 7 days.
(
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Rice straw was found to be the best carbon source when compared with other tested
agricultural wastes. It may be due to the hemicellulose (xylan) content and structure of xylan
in rice straw which easy to be digested by xylanase from T. fusca PA1-1 (Sanghi et al. 2009;
Yang et al. 1995; Sa´ Pereria et al. 2002). On the other hand, other carbon sources such as
corn husk, corncob, rice husk and sawdust contain more lignin than rice straw (Kuhad 1993;
Howard et al. 2003; Kuhad et al. 2011). And lignin protects the xylan from the attack by
hydrolytic enzymes (Goyal et al. 2008).
Effect of carbon source concentrations on xylanase activity
Effect of carbon source concentrations for xylanase production by T. fusca PA1-1 was
investigated (Fig. 2). The concentration of rice straw at 1.5% (w/v) gave the maximum
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activity of xylanase (16.53 unit/ml). However, when the concentration of rice straw was
increased to 2.0% (w/v), the xylanase activity was decreased. It is possibly due to larger
amount of carbon sources reduce dissolved oxygen in the culture medium, which in turn
affect the growth of microorganism (Leartslarus et al. 2002).

Figure 2 Production of xylanase by Thermobifida fusca PA1-1 using rice straw as a carbon
sources at various concentrations.
Effect of initial pH on xylanase production
The production of xylanase by T. fusca PA1-1 was studied by varying initial pH of the
fermentation media ranging from 5.0 to 14.0 (Fig. 3). Maximum production of xylanase
(25.88 Unit/ml) was achieved when the initial pH of MSYE nutrient medium was 11.0. When
the pH was increased or decreased from the optimum value, the production of xylanase was
greatly decreased due to cultivation of the microorganism at an unfavorable pH may limit the
growth and xylanase production, and subsequently reduce substrate accessibility (Bajpai
1997).

Figure 3 Effect of initial pH on xylanase production by Thermobifida fusca PA1-1.
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Effect of temperature on xylanase production
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Figure 4 Effect of cultivation temperature on xylanase production by Thermobifida fusca
PA1-1.
The effect of temperature on the production of xylanase by T. fusca PA1-1 was investigated
by growing the organism in the temperature range of 40oC to 55oC. The results revealed that
the optimum temperature for xylanase production (24.87 unit/ml) was between
45-50oC
which was similar to xylanase activity from Thermobifida fusca (Yang et al. 2007) and
Streptomyces sp. Ab106 (Techapun et al. 2002). The optimum temperature range of xylanase
produced by thermophilic microorganism are generally thermostable and also stable in
presence of denaturing agents and organic solvents (Zakariya 2008) which differ from
xylanase produced by mesophilic microbes.
Conclusions
The production of xylanase by T. fusca PA1-1 was conducted by using agricultural wastes as
carbon source in shaking flask. The agricultural wastes such as corn husk, corncob, rice
straw, rice husk and sawdust were used for the xylanase production. The results showed that
1.5% (w/v) rice straw was the best carbon source. The optimization for highest xylanase
production was observed at incubation temperature of 50˚C for 6 days in minimal medium
(pH 11.0). Further experiments on effect of nitrogen sources for xylanase production and
characterization of xylanase must be carried out to claim its potential for industrial processes.
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