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Abstract: Parameters kinetic (Ku, Vmax, and Kca) endo-f-1,4-
D-xylanase under optimum conditions with oat spelt xylan and
birchwood substrate have been investigated in this study.
Hydrolysis of endo-B-1,4-D-xylanase using variation of
substrate concentration (b/v) ranging from 0.2 to 1.2%.
Variation of incubation time is up to 20 hours with 4 hours
interval at the optimum temperature of the enzyme, 40°C. The

results obtained from this study were the KM of endo-f-1,4-D-
xylanase for oat spelt xylan and birchwood were 4.10 mg/ml
and 0.681 mg/ml, respectively. Vuax values, and kca for oat
spelt xylan substrate of 0.28 mg/ml.jam and 1.7 x 103 s*. While
Vmax, and Kca: for birchwood substrate that is 0.117 mg/U/jam
and 7 x 10 s. From the results of this study we found that
endo-p-1,4-D-xylanase can hydrolaze substrates which have
differences solubility.
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INTRODUCTION

The wall of plant cell are composed of hemicellulose,
cellulose, and lignin. Hemicellulose is the second largest
constituent in plant cell walls. The main component of
hemicellulose is xylan [1]. Xylan is heteropolysaccharide with
xylopiranosil residue as the main chain compiler. Subtituents of
xylan can be a-arabinofuranosil, o-acetil, and 4-O-methyl-D-
glucuronic acid [2]. The B-1,4 bond between D-xylopiranosil is
the main characteristic of xylan. The abundance and type of
bonding of the subtituents can differ depending on the source [3].

Hemicellulase is a group of enzymes that can hydrolyze
hemicellulose. These enzymes have various applications of
biotechnology, structure and function [3]. One of them is endo-
1,4-p-D-xylanase (EC 3.2.1.8). Endo-1,4-B-D-xylanase can
break the glycosidic B-1,4 bond from within the main xylan
chain. This enzyme is generally produced by microorganisms.
The most studied type is fungi and bacteria [2]. The enzyme used
in this study was isolated from Bacillus sp. which comes from the
termite abdominal system. Enzyme purification is carried out
partially under optimal conditions [4].

Each enzyme has diverse characteristics, structure, activity,
hydrolysis results, efficiency, and the level of hydrolysis of xylan
[5]. One of the observed enzyme characteristics is the
determination of the value of the kinetic parameters (Kw, Kca, and
Vwmax). Kinetic parameters are measured by observing the rate of
formation of products with low enzyme concentrations. The
theory for this analysis is based on Michaelis-Menten [6]. The
parameter values obtained will indicate the characteristics of the
enzyme. Kinetic parameter measurements were carried out on
two different substrates namely oat spelt xylan and birchwood. In
this study we report the results of research on the kinetic
parameters (Km, Vwmax, and Kca) endo-1,4-pB-D-xylanase from
termite abdomen using the steady state approach.

METHODS

Production and partial purification of endo-p-1,4-D-xylanase
Production of Endo-p-1,4-D-xylanase, bacteria cultured in
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LB (Luria Bertani) medium were incubated at 37 °C. Crude
enzymes are collected by centrifugation (8,000 rpm for 20
minutes at 4 °C). The crude enzyme is isolated by ammonium
sulfate precipitation (40-50% saturation) and centrifugation
(8,000 rpm for 20 minutes at 4 °C). After that, the precipitate is
dissolved in phosphate buffer (pH 5.0). The final step of
purification is dialysis using a membrane by Elkay for 24 hours.
Citrate phosphate solution changes at 2, 4, 6, and 12 hours.

Determination of Enzyme Activity and Protein Levels

The enzymatic activity of xylanase was measured by
spectrophotometry (Hitachi U-2001). The xylanase activity was
calculated by measuring the amount of reducing sugar released
from 0.8% (w/v) of the oat spelt xylan (Sigma, USA). The
enzyme was incubated with 0.8% (w/v) xylan solution in a citrate
phosphate buffer, pH 5.0 at 40 °C for 60 minutes. DNS reagents
(750 pl) were added to 250 pl of mixed enzymes and oat spelt
xylan. The mixture is boiled for 15 minutes and cooled for 20
minutes. Reducing sugar is determined by measuring absorbance
at 550 nm. One unit of xylanase activity is defined as 1 umol
reducing the sugar produced, by hydrolyzing the xylan substrate,
per minute at 40 °C.

The total amount of protein was determined according to the
Coomassie blue method described by Bradford using bovin
serum albumin as a standard.

Determination of Kinetic Parameters

The influence of oat spelt xylan and birchwood (Sigma,
USA) silane concentrations, ranging from 0.2 to 1.2% (w/v), on
the xylanase activity of both fungal strains was evaluated under
optimal testing conditions. Kinetic parameters, Ky, Vmax and Kea
are estimated by linear regression of the plot according to
Lineweaver and Burk.
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RESULT AND DISCUSSION

Purification of Endo-g-1,4-D-xylanase

The activity of crude extract, fractionation results, and endo-
B-1,4-D-xylanase dialysate can be seen in Table 1. This enzyme
was purified to a partial stage. Under optimum conditions the
largest endo-B-1,4-D-xylanase activity was obtained by dialysate
as a result of the dialysis process which was 0.093 U/ml and then
fractionated 40 - 50% by 0.057 U/ml, and crude extract by 0.046
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u/ml.

The smallest protein content was obtained by dialysis results
of 0.046 mg/ml while the highest protein content was indicated
by crude extracts which was 0.103 mg/ml. Specific activity
indicates the amount of enzyme activity per amount of protein
contained in the enzyme mixture tested. The final specific
activity of endo-p-1,4-D-xylanase is 2.04 U/mg with a
purification of 4.62 times that of crude extracts, and a final yield
of 21%. The results of this dialysis process are used to determine
the kinetic parameters at a later stage.

Table 1. Purification of endo-f-1,4-D-xylanase

. Volume Activity Protein . o Specific activity Purification
Pemurnian (ml) (U/ml) (mg/mi)  Yield (%) (U/mg) fold
Crude 48 0,046 0.103 100 0.442 1
fractionation 24 0,057 0.073 35 0.780 1.77
results
dialysat 23 0,093 0.046 21 2.04 4.6

Kinetics Parameter

The initial velocity is determined at each concentration with
a variation of 0.2-1.2 %. Initial velocity data against substrate
concentration were plotted using the Lineweaver-Burk curve
(Figure 1). This is done for each substrate both oat spelt xylan
and birchwood.

The kinetic parameters, Ky and Vmax for endo-p-1,4-D-
xylanase are 4.10 mg/ml and 3.1x10°2 umol/ml/min for oat spelt
xylan. As for the birchwood substrate, the Ky and Vvax values
were 0.681 mg/ml and 1.3x10-2 umol/ml/min (Table 2). Ky and

1/Vo (ml jam/mg)

Vwmax from xylanases isolated from Paenibacillus sp. NF1 is oat
spelt xylan with KM value of 5.64 mg/ml and 6.32 mg/ml for
birchwood [7]. While the Vuax value for oat spelt xylan which is
greater than birchwood is 3364.57 pmol/min.mg protein while
the Vmax for birchwood is 3126.44 pmol/min.mg protein. Ky and
Vmax data  from endo-B-1,4-D-xylanase isolated from
Trichoderma reesei on oat spelt xylan and birchwood, 1.8 mg/ml
and 2.1 mg/ml, respectively. The other kinetic data obtained were
kca values of 168.7 + 11.6 s' for oat spelt xylan and
205.7 + 19.5 %1 for birchwood [8].

1/[S] (ml/mg)

Figure 1. Figure 1/V relationship with 1/[S] based on the Lineweaver-Burk equation of substrate (a) oat spelt xylan (b) birchwood

Table 2. Kinetic parameters

of endo-B-1,4-D-xylanase

Substrate Kwm (mg/ml) Vmax (mol/ml/menit) Keat (s%) Kea/Km (Ml/s/mg)
Oat spelt xilan 4.10 3.1x1072 1.7x10° 0.925
birchwood 0.681 1.3x1072 7x10% 1.72

The next kinetic parameter values that can be seen in Table 2
are Kca. The kca values for oat spelt xylan and birchwood
substrates were 1.7 x 10° s and 7 x 10" s, respectively. The
Kca /Km value is 0.925 ml/s /mg for oat spelt xylan and
1.72 ml/s/mg for birchwood.

The results showed that with the same time and substrate
concentration, endo-B-1,4-D-xylanase can produce more
xylooligosaccharides from birchwood than oat spelt xylan. This
difference can be seen in the measured reducing sugar yield. This
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can be caused by differences in the composition of the two
substrates. Birchwood contains more than 90% water soluble and
consists of a high percentage of neutral sugar (87.7% mainly
xylose residues, small amounts of glucose, arabinose, and
galactose) and 10.2% hexuronic acid. While the components of
oat spelt xylan have a high percentage of xylose (84%) and some
arabinose, glucose, and galactose. Also water solubility varies
greatly depending on temperature and centrifugation. As a result
endo-B-1,4-D-xylanase works faster in birchwood. This is also
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supported by Kinetic parameter values, Ky measured for
birchwood.

The value of Kw is a desociation constant where this constant
is inversely proportional to the enzyme affinity. The small Ky
value indicates the smaller the tendency of the substrate and the
enzyme to dissociate, the enzyme affinity towards the large
substrate. This results in a very complex [ES] complex, so the
reaction equilibrium shifts toward the product. If the Ky value is
large, then the equilibrium will shift towards the enzyme and
substrate [9]. Based on the comparison of Ky values, endo-p-1,4-
D-xylanase has a greater affinity on the birchwood substrate.

Where Kk is Kcar, the catalytic constant that determines the rate
of product formation. This value also affects the value of Vax
[10]. A low Ky value can be obtained from a high value and a
low Kk, value or high and a high k; value. In experimental data it
was found that the value of kca obtained by birchwood was
smaller than oat spelt xylan, this resulted in the Vua value
obtained was also low.

The catalytic efficiency (Kca/Kwm) value in Table 2 where the
value for birchwood substrate is greater than oat spelt xylan
which is 1.72 ml/s/mg. According to Eisenthal et al. that this
specific constant value can be used to compare enzymes with two
different substrates. If the Kyv value is used as an indicator of
specificity, then to determine the better substrate can be seen
from the comparison of [S] and Kw values. The increasing value
of [S] /Km becomes a good parameter to describe a better
substrate for an enzyme. This is what underlies Kca/Km as a
specific constant [8]. The increasing value of specific constants
will produce a reaction speed to form a better product [10]. The
specific constant values obtained from this study indicate that the
birchwood substrate is a better substrate for endo-p-1,4-D-
xylanase.

CONCLUSION

Endo-B-1,4-D-Xylanase from abdomenal termites has
different kinetic parameters in hydrolyzing oat and birchwood
xylan substrates. The results of the kinetic parameters showed
that endo-B-1,4-D-Xylanase from abdominal termites was more
effective on birchwood substrates with a kea/Km value greater
than that of oat spelt xylan.
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