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ABSTRACT

An alkaline xylanase secreted by Paenibacillus macquariensis RC 1819 has been purified using ammonium sulfate
fractionation, ion exchange chromatography using DEAE-cellulose and gel filtration chromatography over Sephadex
G-200 and Sephadex G-100. The purified enzyme had the specific activity, 25.2 units/mg protein with birchwood xylan
as a substrate. The purified enzyme showed a single protein band over sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE). The molecular weight of the enzyme has been found to be 31,000 £ 2000 as determined by
using Sephadex G-200 gel filtration chromatography. The subunit molecular weight has also been found to be ~31,000
as determined using SDS-PAGE indicating monomeric enzyme. The enzyme showed optimum activity at pH 8.6 and
temperature, 50°C. The Michaelis constant (Km) of the enzyme for birchwood xylan was 2.2 mg/ml as determined us-
ing velocity saturation plot. The metal ions viz. Co*? and Mn*2 stimulated xylanase enzyme activity whereas Hg*? in-

hibited the enzyme activity.
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1. Introduction

Hemicellulose is the second most abundant component in
plant cell wall and xylan is the major component of he-
micellulose which is found in solid agricultural and agro-
industrial residues, as well as in effluents released during
wood processing [1,2]. Xylan is a heterogeneous carbo-
hydrate consisting of a backbone of -1, 4 linked D-xy-
lopyranosy! units and short chain branches consisting of
O-acetyl, a-L-arabinofuranosyl and a-D-glucuronyl resi-
dues [3]. A 20% - 35% of the total dry weight of plants
accounts for xylans which can be used for production of
fermentable sugars and fuels [4,5].

Xylanase is produced by many bacteria and fungi [6,7].
It has been exploited for a range of industrial and envi-
ronmental applications. Xylanase is commercially impor-
tant enzyme used in the pulp and paper industries to in-
crease the brightness of pulp without the use of bleach
[8,9]. Besides, xylanase is also used in number of other
industries viz. food, beverage, textile and animal feed in-
dustries [7]. A recent application of xylanase is in the
production of biofuels. It is estimated that the total en-
ergy content of global xylan and cellulose waste is equi-
valent to almost 640 billion tons of oil [10].

Xylanases are also used to convert the polymeric xylan
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into fermentable sugars for the production of ethanol and
xylitol from plant biomass [11,12]. Xylanases can also be
used for tailor designing of drugs and modifying the pro-
perties of food. Xylanases have also been used in animal
feed to improve the digestibility of animal feed for better
feed utilization [13,14].

Earlier, we showed that Paenibacillus macquariensis
secretes extra-cellular xylanase and gets induced in the
presence of xylan. We also optimized the conditions for
its secretion. The Paenibacillus macquariensis is a gram
positive bacteria. It showed optimum growth at 37°C.
However, the growth is much poor at 42°C. The bacteria
showed good growth in the pH range 5.2 to 10 indicating
that this bacteria has much tolerance of pH change and
has growth in acidic to highly alkaline range. This bacte-
ria secreted xylanase enzyme as tested by Congo red dye
staining method [15]. There are other reports also indi-
cating secretion of xylanase by Paenibacillus species
[16,17]. Therefore, the bacteria is capable of degrading
xylan, xylanase being a xylan degrading enzyme. In the
present study, we reported its purification and characte-
rization from Paenibacillus macquariensis RC 1819. The
main objective of the present work was to purify xyla-
nase secreted by Paenibacillus macquariensis and to com-
pare the characteristics of the present xylanase enzyme
with the enzymes earlier reported in order to check its
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suitability for industrial exploitation.

2. Material and Methods
2.1. Culture and Growth Conditions

A soil bacterium Paenibacillus macquariensis Was iSo-
lated in pure form from petroleum containing soil col-
lected from the vicinity of a petrol pump at Indore as
described earlier [15]. Pure culture of P. macquariensis
was used as master culture for subsequent production of
xylanase. Pure bacterial culture was inoculated into ster-
ilized Emmerson medium (yeast extract, 5 gm; peptone,
5 gm; K;HPO,, 1 gm; MgSO,-7H,0, 0.2 gm per liter and
pH adjusted to 9 with 1N NaOH). The medium was sup-
plemented with 2% birchwood xylan (purchased from
Sigma-Aldrich, USA) in order to induce xylanase secre-
tion. The culture was grown at 37°C for 48 hours.

2.2. Enzyme Assay

Xylanase enzyme was assayed by measuring the release
of the reducing sugars from birchwood xylan following
the dinitrosalicylic acid (DNS) method [18]. A 0.9 ml
sample of 1% birchwood xylan dissolved in 50 mM gly-
cine-NaOH buffer, pH 8.6 was pre-incubated at 50°C for
5 minutes. To this, 0.1 ml enzyme (supernatant of the
broth/purified enzyme) and buffer was added (buffer was
added with purified enzyme if amount of the enzyme
preparation taken was less than 0.1 ml) and incubated at
50°C for 15 minutes. The reaction was stopped by adding
1.5 ml of 1% (w/v) DNS solution and the tubes were put
in a boiling water bath for 15 minutes. A control was also
run simultaneously where enzyme was added after the
addition of DNS. A blank was also prepared where no
enzyme was added and against the blank, zero was set in
the colorimeter. The D-xylose was used as standard dur-
ing the colorimetric estimation. One unit of xylanase
activity was taken as the amount of the enzyme required
to release one micromole of the reducing sugar equiva-
lent to one micromole of xylose per minute at 50°C under
conditions of the enzyme assay.

2.3. Protein Estimation

Protein estimation was carried out according to the pro-
cedure of Lowry et al. [19]. In the enzyme sample, pro-
tein was precipitated out by adding trichloroacetic acid
(TCA) to a final concentration of 5% and thereafter,
sample was incubated for 4 to 5 hours in the cold condi-
tion (0°C to 4°C). TCA precipitates proteins as protein
trichloroacetate. Thereafter, the precipitate was collected
by centrifugation and washed with 5% TCA to remove
any adhering impurity(ies). The washed precipitate was
dissolved in 0.1N sodium hydroxide. This dissolved sam-
ple was used as protein sample for estimation using Folin
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Ciocalteau reagent as described by Lowry et a/. [19]. Bo-
vine serum albumin was used as a standard protein.

2.4. Enzyme Purification

2.4.1. Crude Enzyme Preparation

The Paenibacillus macquariensis culture (500 ml) in
Emmerson medium with 2% xylan after growth for 48
hours at 37°C was centrifuged at 10,000 xg for 10 min-
utes at 0°C to 4°C in a cooling centrifuge. The super-
natant was used as crude enzyme preparation. Thereafter,
following procedure was carried out at 0°C - 4°C.

2.4.2. Ammonium Sulfate Fractionation

To the crude enzyme preparation (500 ml), finely ground
solid ammonium sulfate was added slowly with constant
stirring maintaining the pH at 9.0 by the addition of 1%
(v/v) ammonia to get 0% - 30% saturation. After storage
for 3 hours in the cold condition, the suspension was
centrifuged at 10,000 xg for 30 minutes and the super-
natant was further subjected to 30% - 60% saturation by
adding finely ground ammonium sulfate. After storage
for 3 hours in the cold condition, the suspension was
centrifuged at 10,000 xg for 30 minutes. The pellet (30%
to 60% pellet) was dissolved in 50 mM potassium phos-
phate buffer, pH 8.6 (buffer A). It was a turbid suspen-
sion, therefore, it was centrifuged at 10,000 xg for 10
minutes to get clear supernatant which was desalted by
passing through a column of Sephadex G-25.

2.4.3. DEAE Cellulose Chromatography

The desalted ammonium sulfate fraction was loaded onto
a DEAE-cellulose column (2.5 x 40 cm), previously
equilibrated with buffer A. After washing with buffer A,
enzyme was eluted by using a linear NaCl gradient (0 to
1 M) and volume of the gradient was 1000 ml (500 ml
buffer A in each mixing chamber and reservoir). Frac-
tions of 10 ml were collected at a flow rate of 2 ml/min.
The fractions having xylanase enzyme activity constitut-
ing a single peak were pooled. To this, solid ammonium
sulfate was added to get 90% saturation and the suspen-
sion was kept for 5 hours for complete precipitation. The
precipitate was collected by centrifugation at 10,000 xg
for 10 minutes and dissolved in buffer A. The turbid sus-
pension was centrifuged at 10,000 xg for 10 minutes to
get clear supernatant

2.4.4. Sephadex G-200 Chromatography

A Sephadex G-200 column (1.5 x 60 cm) was equili-
brated with buffer A. The concentrated xylanase fraction
after DEAE-cellulose chromatography was loaded onto
the column and subsequently chromatographed using bu-
ffer A. Fractions of 2 ml were collected at a flow rate of
10 ml/hour and the active fractions pooled. To the pool-
ed fraction, solid ammonium sulfate was added to get
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90% saturation and the suspension was kept for 5 hours
for complete precipitation. The precipitate was collected
by centrifugation at 10,000 xg for 10 minutes and dis-
solved in buffer A. The turbid suspension was centri-
fuged at 10,000 xg for 10 minutes to get clear super-
natant.

2.4.5. Sephadex G-100 Chromatography

A Sephadex G-100 column (1.5 x 50 cm) was equili-
brated with buffer A. The concentrated xylanase fraction
after Sephadex G-200 chromatography was loaded onto
the column and subsequently chromatographed using bu-
ffer A. Fractions of 2 ml were collected at a flow rate of
12 ml/hour and the active fractions pooled.

2.4.6. Sodium Dodecyl Sulfate Polyacrylamide Gel
Electrophoresis

Sodium dodecyl sulfate polyacrylamide gel electropho-
resis (SDS-PAGE) was carried out according to the pro-
cedure of Laemmli [20] using 10% acrylamide in slab
gels (1 mm thick). The protein (xylanase during various
purification steps and protein markers) was incubated for
5 minutes at 100°C in the presence of 1% sodium dode-
cyl sulfate and 0.02 M 2-mercaptoethanol to convert it
into monomers. Around 20 g of enzyme protein was
loaded in the well. Bromophenol blue was used as a trac-
king dye. The buffer systems used were 0.2 M Tris-HCI,
pH 8.8 for separating gel and 0.2 M Tris-HCI pH 6.8 for
the stacking gel. Electrophoresis was carried out using a
current of 3 mA/cm. The current was turned off when the
tracking dye reached the bottom of the gel. Coomassie
brilliant blue (0.2%) in methanol, acetic acid and water
(3:1:6) was used to stain the protein bands. The gel was
stained for one hour and then repeatedly destained using
the same solvents used for dissolving coomassie brilliant
blue till the gel turned transparent and distinct bluish
bands were visible.

2.5. Molecular Weight Determination

Native molecular weight of xylanase was determined
using gel filtration chromatography over Sephadex G-
200 according to the procedure of Whitaker [21]. The
purified enzyme after Sephadex G-100 chromatography
was applied on to a Sephadex G-200 column (1.5 x 60
cm), pre-equilibrated with buffer A. The flow rate was 12
ml/hour. Bovine serum albumin (MW 66,000), trypsino-
gen (MW 23,000) and lysozyme (MW 14,000) were used
as standard proteins (all from Sigma-Aldrich, USA). Sub-
unit molecular weight was determined by sodium dode-
cyl sulfate polyacrylamide gel electrophoresis as de-
scribed above. Standard molecular markers having sub-
unit molecular weights of 97,000, 66,000, 45,000, 29,000,
21,000, and 14,000 (all from Helini Biomolecules, India)
were used as standard proteins. To denature the proteins,
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solutions were incubated with 1% SDS and 20 mM 2-
mercaptoethanol at 100°C for 5 minutes.

2.6. Effect of pH on Xylanase Activity

The relative xylanase activity at different pHs was de-
termined using 1% birchwood xylan as substrate. The pH
range used was from 4 to 11. Three different buffers
were used viz. 0.1 M citrate buffer for pH range 4 to 6,
0.1 M sodium phosphate buffer for pH range 6 to 8, and
0.1 M glycine NaOH buffer for pH range 8 to 11. The
substrate (1% birchwood xylan) was prepared in buffers
of different pHs and pre-incubated at 50°C for 10 min-
utes. To this, 0.1 ml enzyme was added and incubated for
15 minutes. The reaction was stopped by adding 1.5 ml
of DNS solution and the tubes were put in a boiling water
bath for 15 minutes. The further procedure was same as
given under the enzyme assay.

2.7. pH-Stability of the Enzyme

For pH stability, xylanase enzyme was incubated with di-
fferent buffers viz. 0.1 M citrate buffer for pH range 4 to
6, 0.1 M sodium phosphate buffer for pH range 6 to 8,
and 0.1 M glycine NaOH buffer for pH range 8 to 11 at
room temperature (25°C) for 30 minutes. Thereafter, en-
zyme activity was determined at pH 8.6 by using the en-
zyme assay as described above.

2.8. Effect of Temperature on Xylanase Activity

The apparent optimum temperature for the purified xy-
lanase was determined by assaying the enzyme activity at
different temperatures ranging from 30°C to 70°C. At
each temperature, 0.9 ml of 1% birchwood xylan disso-
Ived in 50 mM glycine-NaOH buffer, pH 8.6 was pre-
incubated for 10 minutes. To this, 0.1 ml enzyme was
added and incubated for 15 minutes. The reaction was
stopped by adding 1.5 ml of DNS solution and the tubes
were put in a boiling water bath for 15 minutes. The fur-
ther procedure was same as given under the enzyme as-
say.

2.9. Thermo-Stability of the Enzyme

For thermo-stability, xylanase enzyme was pre-incubated
at different temperatures ranging from 30°C to 100°C in a
water bath. After every 30 minutes, the sample tubes
were removed from the water bath and stored on ice prior
to enzyme assay. Thereafter, enzyme activity was deter-
mined at 50°C as described above.

2.10. Substrate Specificity

Xylanase activity was determined using cellulose, birch-
wood xylan, xylobiose as substrates.
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2.11. Xylanase-Metal Ions Binding Studies

Xylanase aliquots (0.5 ml) were incubated at the room
temperature (25°C) with 1 mM metal ions viz. Ca',
Mg*?, Hg*™, Fe*?, Cu*? Mn* Co™, Zn'?, As™ Mo™ for
2 hours. Thereafter, enzyme activity was determined us-
ing 0.1 ml of the incubated enzyme with 0.9 ml of 1%
birchwood xylan dissolved in 50 mM glycine-NaOH
buffer, pH 8.6 and incubated at 50°C for 15 min.

2.12. Km Determination

Birchwood xylan hydrolysis rates were determined at all
substrate concentrations ranging from 0.5% to 8% in 50
mM glycine-NaOH buffer at pH 8.6.

3. Results

3.1. Enzyme Purification

The summary of purification of xylanase from Paeniba-
cillus macquariensis has been shown in Table 1. The ion
exchange chromatography over DEAE-cellulose of the
30% to 60% ammonium sulfate fraction revealed only

one peak of xylanase activity that was eluted at 0.22 M
NaCl (Figure 1). The concentration of NaCl in the eluent
was calculated by using the formula given by Morris and
Morris [22]. The gel filtration chromatogramphy over
Sephadex G-200 of the enzyme fraction after ion ex-
change chromatography also revealed a single peak of
xylanase activity (Figure 2). Since after Sephadex G-
200 chromatography, enzyme preparation showed a mi-
nor band also on sodium dodecyl sulfate polyacryla-
mide gel electrophoresis, it was further loaded on to a
Sephadex G-100 column and chromatographed using bu-
ffer A. After Sephadex G-100 chromatography, there was
single peak of enzyme activity. The results indicated ab-
sence of multiple forms of the enzyme. The Sephadex
G-200 chromatography resulted in 11.62 fold purification
of xylanase with 25.3% recovery from the crude extract.
Thereafter, Sephadex G-100 chromatography resulted in
14.24 fold purification of the enzyme with 22.3% recov-
ery. The specific activity of the enzyme was found to be
25.20 units/mg protein. The purified enzyme showed a
single protein band on sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (Figure 3).

Table 1. Purification profile of xylanase from Paenibacillus macquariensis. The final purified xylanase showed specific activ-

ity, 25.20 units/mg protein.

Total volume  Total activity ~ Total protein . - A .
Sample Specific activity (U/m: Purification fold % Yield
P (m) ) (mg) P y (U/mg) i
Crude extract 500 2236 1260 1.77 1 100
(NH,),SO, fraction (30% - 60%) 28 1431 443 3.23 1.82 64
DEAE-cellulose chromatography 80 627 42.3 14.82 8.37 28
Sephadex G-200 chromatography 10 566 275 20.58 11.62 25.3
Sephadex G-100 chromatography 10 499 19.8 25.20 14.24 22.3
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Figure 1. Elution profile of xylanase on DEAE cellulose chromatography. The profile showed single peak of xylanase enzyme

activity indicating absence of multiple forms.
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Figure 2. Elution profile of xylanase on Sephadex G-200 chromatography. The profile showed single peak of xylanase enzyme

activity indicating absence of multiple forms.
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Figure 3. SDS-PAGE analysis during purification steps of xylanases from Paenibacillus macquariensis. The purified xylanase

after Sephadex G-100 chromatography showed a single band.

3.2. Molecular Weight

The molecular weight of xylanase was found to be
31,000 + 2000 as determined by using Sephadex G-200
gel filtration chromatography according to the procedure
of Whitaker [21]. Bovine serum albumin, trypsinogen
and lysozyme were used as standard markers (Figure 4).
On sodium dodecyl sulfate polyacrylamide gel electro-
phoresis, the subunit molecular weight of single band ob-
tained was ~31,000 indicating monomeric nature of the
enzyme.

3.3. Effect of pH on Xylanase Activity

Enzyme assay was carried out in the pH range varying
from pH 4 to 11 to find out the optimum pH at which the
enzyme shows maximum activity. The purified xylanase
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showed maximum activity (optimum pH) at pH 8.6 and
half maximum activity at pH 5.8 and pH 10.6 (Figure

5(a)).

3.4. pH Stability of the Enzyme

The pH stability profile showed that xylanase is more
stable in the pH range 8 to 9 (Figure 5(b)).

3.5. Effect of Temperature on Xylanase Activity

Enzyme assay was carried out in the temperature range
of 30°C to 70°C to find out the apparent optimum tem-
perature at which the enzyme shows maximum activity.
The purified xylanase showed maximum activity (opti-
mum temperature) at 50°C and half maximum activity at
27°C and 67°C (Figure 5(c)).
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Figure 4. Molecular weight determination of xylanase using Sephadex G-200 gel filtration chromatography (Whitaker me-
thod [21]). 1) Bovine serum albumin (MW 66,000); 2) trypsinogen (MW 23,000); 3) lysozyme (MW 14,000). The molecular
weight of xylanase has been estimated to be 31,000 + 2000.
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Figure 5. (a) Effect of pH on xylanase activity of Paenibacillus macquariensis. The purified xylanase showed maximum activ-
ity (optimum pH) at pH 8.6 and half maximum activity at pH 5.8 and pH 10.6. (b) pH-stability profile of xylanase. It showed
more stability in the pH range 8 to 9. (c) Effect of temperature on xylanase activity. The enzyme showed maximum activity
(optimum temperature) at 50°C and half maximum activity at 27°C and 67°C. (d) Temperature stability profile of xylanase.
At 50°C, the enzyme showed a half life of two hours whereas at 60°C, it showed a half life of one hour only. In cases of (a), (b)

and (c), 15 pl of purified xylanase was used in the enzyme assay.
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3.6. Thermo-Stability of the Enzyme

The thermo-stability studies showed that xylanase is sta-
ble up to 60°C. At 50°C, enzyme had a half life of two
hours whereas at 60°C, it showed a half life of one hour
only (Figure 5(d)).

3.7. Substrate Specificity

The enzyme hydrolyzed $-1,4-xylan (birchwood xylan).
It also hydrolyzed cellulose (CM-cellulose) but activity
was nearly 10% as compared to xylan. The enzyme show-
ed no activity with xylobiose.

3.8. Effect of Metal Ion Binding on Xylanase
Activity

Purified xylanase aliquots were incubated at the room
temperature (25°C) with 1 mM metal ions viz. Ca',
Mg*? Hg*™, Fe*?, Cu*? Mn* Co™, Zn'?, As™ Mo™ for
2 hours. Enzyme activity got stimulated upon incubation
with Co*? and Mn*2. However, metal ions viz. Ca*?, Fe*?,
Mo*?, Cu*?, Mg zZn™ As™ showed no considerable
effect on xylanase activity. In contrast, 1 mM Hg*? show-
ed 35% inhibition of xylanase activity. The purified xy-
lanase was also incubated without any metal ion which
was taken as a control (Table 2). Inhibition of the en-
zyme by Hg*? looks due to heavy metal effect since if it
is due to —SH group(s), inhibition would be nearly 100%
at 1 mM concentration of Hg*. In a separate experiment,
enzyme was incubated with EDTA in place of a metal
ion. EDTA showed no effect on the enzyme activity.

3.9. Km (Michaelis Constant) Determination

Xylan saturation curve was found to be rectangular hy-
perbolic indicating that the enzyme obeyed classical

Table 2. Effect of various metal ions on xylanase activity.
Enzyme activity got stimulated upon incubation with Co™
and Mn*2, However, Hg'? inhibited the enzyme activity.

Metal ion Enzyme activity (percentage)

Control 100
Ca* 100
Fe* 91.4
Co* 115
Mo*? 92.8
Cu* 91.4
Mg*? 80
Mn*? 125
As® 86.4
Hg* 65.7
Zn* 100.7

Copyright © 2013 SciRes.

Michaelis kinetics. The K., value of xylanase for birch-
wood xylan was calculated to be 2.2 + 0.2 mg/ml.

4. Discussion

Microorganisms of extreme environments have attracted
much attention owing to their habitat-related adaptive
properties. For example, alkaline xylanases have been
isolated from microbes and plants of alkaline or neutral
environments.

To obtain an alkaline xylanase we selected the soil
containing petroleum as the source material for microor-
ganism isolation. The enzyme production was maximum
on birchwood xylan. Alkaline xylanases are of much in-
dustrial importance especially in paper and pulp Indus-
tries.

Earlier, from our laboratory, Mahatman et al. [23] pu-
rified xylanase from Bacillus halodurans strain KR-1 and
showed it to be nearly 70% pure with a specific activity
of 14.61 units/mg protein. Vahino and Nakane [24] puri-
fied xylanase from a Bacillus sp. and showed specific
activity of the purified enzyme to be 5.33 units/mg pro-
tein. Blanco et al. [25] purified xylanase from an another
Bacillus sp. and reported its specific activity to be 40.2
units/mg protein. Nakamura et al. [26] reported specific
activity of purified xylanase from a Bacillus sp. to be 310
units/mg protein. However, Gessesse [27] reported pres-
ence of two multiple forms of xylanase in a Bacillus spe-
cies having specific activity of 524.2 and 367.9 units/mg
protein, respectively. From the data, it is evident that
there is wide variation in the specific activity of xylanase
from different bacterial species. In the present case, spe-
cific activity is at par or more compared to many other
reports. On the other hand, if compared with the xylanase
purified from Bacillus sp. studied by Nakamura et al. [26]
and Gessesse [27], specific activity in the present case is
comparatively low. Recently, Dheeran et al. [16] report-
ed a highly active xylanase from Paenibacillus macerans
IIPSP3 having enzyme activity 4170 units/mg protein.
However, it is more active at acidic pH 4.5.

Xylanase from Paenibacillus macquariensis showed
maximum activity at pH 8.6. However, it exhibited en-
zyme activity over a broad pH range of pH 4 - 11, Earlier,
from our laboratory, Mahatman et al. [23] reported op-
timum pH 9.0 for xylanase from Bacillus halodurans
strain KR-1. Nakamura et al. [26] reported optimum pH
9 for xylanase from a Bacillus sp. strain 41M-1. However,
Blanco et al. [25] reported optimum pH 5.5 of xylanase
from a Bacillus species strain BP-23. Vahino and Nakane
[24] showed optimum pH 4 for the enzyme from a Ba-
cillus sp. Kubata et al. [28] reported optimum pH 6.8 for
xylanase from Aeromonas caviae ME-1. An optimum pH
7.5 has been reported for xylanase from Alcaligenes sp.
XY-234 [29]. Lin et al. [30] reported optimum pH 6.5 for
xylanase from Thermomyces lanuginosus-SSBP.
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The present enzyme may be exploited as chicken feed
additive since physiological pH of chicken digestive tract
has been reported to be ranging from pH 4.5 to 7.5 [31].
The results are comparable with an antarctic bacterium,
Pseudoalteromonas haloplanktis, whose Xxylanase has
been reported to exhibit enzyme activity in a wide pH
range between pH 5.3 and 8 [32]. Xylanase from Paeni-
bacillus curdlanolyticus B-6 derived from an anaerobic
fermenter has also been shown to retain more than 80%
activity in a wider pH range of pH 5.0 to 9.0 [33].

Xylanase from Paenibacillus macquariensis showed
maximum (optimum) activity at 50°C. The thermo-stabil-
ity of the enzyme was also tested after pre-incubation of
the enzyme at 30°C to 100°C for 30 minutes. The enzyme
had half life of two hours at 50°C whereas it had a half
life of one hour at 60°C. At high temperatures, enzyme
gets partly unfolded. Indeed, this point of maximum ac-
tivity is the result of the intersection of an exponential
curve corresponding to the increase of the activity as a
function of temperature and of an unfolding curve due to
deleterious effect of heat. Dheeran et al. [16] reported a
xylanase from Paenibacillus macerans exhibiting activ-
ity over a broad range of temperature, 40°C to 90°C with
optimum activity at 60°C. However, Heck et al. [34]
showed that xylanase isolated from Bacillus coagulans
BL69 and grown on soybean residue exhibited enzyme
activity over a wide range of temperature ranging from
45°C to 75°C, However, thermal stability of the enzyme
was much poor. Wamalwa et al. [35] also reported opti-
mum temperature 40°C for xylanase from an another
strain of Bacillus halodurans. However, Nakamura et al.
[36] reported optimum temperature 50°C for xylanase
from Bacillus sp. strain 41M-1. Blanco et al. [25] also
reported optimum temperature 50°C for the enzyme from
a Bacillus sp. strain BP-23. However, Vahino and Na-
kane [24] showed optimum temperature 80°C for xy-
lanase from a Bacillus sp. Kubata et al. [28] showed op-
timum temperature of xylanases from Aeromonas caviae
ME-1 to be 30°C and 37°C. Araki et al. [29] reported
optimum temperature, 40°C for xylanase from Alcali-
genes sp. XY-234. On the other hand, an optimum tem-
perature of 70°C - 75°C has been reported for xylanase
from Thermomyces lanuginosus-SSBP [30]. Therefore, it
is clear that there is wide variation in the optimum tem-
perature of xylanase from different microbes.

In the present case, xylanase activity was stimulated in
the presence of Co™ and Mn*? ions. However, xylanase
activity got inhibited in the presence of Hg*? ions. There
are reports of similar results [37-39]. Inkyung and Jai-
esoon [40] reported stimulation of Paenibacillus sp.
strain K1J1 xylanase in the presence of Ca®*, Co*", Zn*,
Cu %, and Mn?*. Lee et al. [41] reported stimulation of
Bacillus licheniformis xylanase in the presence of Ca®*,
Co?*, Zn*, Cu®*, and Mn?*. However, Collins ez al. [1]

Copyright © 2013 SciRes.

reported inhibition of xylanase from the antarctic bacte-
rium, Pseudoalteromonas haloplanktis in the presence of
Cu® and Zn?*.

In the present case, Ky, value of the enzyme for birch-
wood xylan has been calculated to be 2.2 mg/ml. The K,
value of the enzyme from Arthrobacter for wheat bran
has been reported to be 0.9 mg/ml. Similarly, Km value
of the enzyme from Bacillus subtilis and Bacillus sp.
strain TAR-1 has been reported in the range of 0.9 mg/ml
[42,36]. Therefore, in the present case, Ky, value is more
compared to other reported values indicating lower affin-
ity for the substrate. However, here we used birchwood
xylan and in the other reports, it was wheat bran.

The molecular weight of the enzyme in the present
case has been found ~31,000. Ratanakhanokchai and Tan-
ticharoen [43] reported a molecular weight of 23,000 for
xylanase from Bacillus sp. strain K-1, whereas, Munis-
waran et al. [44] reported a molecular weight 36,000 for
xylanase from Bacillus sp. 41M. Contrarily, Sa-Pereira et
al. [42] reported a molecular weight of 340,000 for xy-
lanase from Bacillus subtilis. Dheeran et al. [16] reported
a molecular weight, 205,000 for xylanase from Paeniba-
cillus macerans.
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