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Abstract
B-Xylosidase was induced when Streptomyces flavogriseus strain was grown in shake-culture of a mineral salt medium]
containing 1 per cent wheat straw hemicellulose for 3 days at 30°C. The intracellular B-xylosidase was separated by,
precipitation with acetone, ammonium sulphate and purified on Sephadex G-150. The enzyme had an apparent molecular]
weight of 85 Kda as determined by SDS-gel electrophoresis. B-Xylosidase showed maximum- activity at pH 6.5 and
termperature 40°C. It was stable at pH 6.0-8.0. Heat treatment to 45°C for 1 h did not cause any inhibition for enzyms}
activity. It was stable for 5 months at 4°C. It was also stable against freezing, thawing. and lyophilization with 5.65 pery
cent loss per cycle. It hydrolyzed p-nitrophenyl-B-D-xylopyranaside readily with a K. of 1.1 mM. I, and HgCl, were thej
most potent inhibitors for B-xylosidase activity. Xylose was inhibitory towards the enzyme and the inhibition constant wass
5.2 mM. The activity of B-xylosidase and xylanase acting together was greater than the sum of the individual activities,
indicating the synergism between St. flavogriseus xylanolytic components in the hydrolysis of insoluble hemicelluloses.

Introduction

(-D-Xylosidase (1,4-B-D-xylan xylohydrolase, £C 3.2.1.37)
hydrolyzes xylo-oligosaccharides to xylose. The enzyme is
essential for the complete breakdown of xylans. The need
for the enzyme is in increasing for investigating the
carbohydrate to protein linkage in glycoproteins (Reese et
al., 1973 and Poutanen and Puls, 1988). B-Xylosidase has
been isolated from several microbial hemicellulobytic
systems, e.g., Bacillus pumilus {Kersters-Hilderson ef al.,
1969), Aspergilius niger (Reese et al., 1873 and Rodionova
et al,, 1983), Penicillium wortmanni (Reese et a/., 1973 and
Deleyn et al., 1982}, B. coagulans (Esteban et al., 1983),
Trichoderma viride (Matsuo and Yasui, 1984a), Emericella
nidulans {Matsuo and Yasui, 1984b), Chaetomium trilaterale
{Uziie et al., 1985), Thermomonospora sp. (Ristroph and
Humphrey, 1988), Trichoderma reesei (Poutanen and Puls,
1988) and Thermomonospora fusca (Bachmann and
McCarthy, 1988). B-Xylosidase hydrolyzes xylobiose as well
as xylooligosaccharides and has no action on xylan. The
rate of hydrolysis of xylooligosaccharides by (-xylosidase is
decreased with increasing the length of xylo-
oligosaccharides chain (van Doorslaev er al, 1985},
Additions of exogenous [-xylosidase to the hydrolysis
process of xylan by xylanases improve the vield of xylose
(Dekker, 1983, Deshpande et a/., 1988 and Poutanen &
Puls, 1988}. '

This work is a continuation of our studies of the factors
responsible for'increasing the yield of xylanolytic enzymes
from Streptomyces flavogriseus (El-Sawah et al., 1991 and
El-Sawah, 1991). In the present paper the (-xylosidase of
St. flavogriseus is characterized. The role of the enzyme in
the hydrolysis of hemicellulose is discussed.
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Materials and Methods _ .
Culture used and the growth condition: The strain off
Streptomyces flavogriseus was kindly provided by the Dep d
of Plant, Fac. of science, Mansoura University. Media fo
stock culture maintenance and enzyme production, culture
conditions as well as the sources of substrates a A
chemicals, have already been described by El-Sawah et
{(1991).

Enzyme preparation: The crude B-xylosidase was producf
by growing Streptomyces flavogriseus in Sorensen {1357
medium. Several carbon sources (1% w/v) were tested.
pH of basal medium was adjusted to pH 7.0. TN
cultivation was performed with shaking (200 rev./min}
30°C. The cultures were harvested on the 3rd day B
centrifugation at 10000 rpm for 10 min. Harvested cel
weare washed three times and resuspended in 5 ml 10§
mM-Tris/HCL, pH 7.0. Intracellular B-xylosidase activity wi
released by sonication for 10 min at 18 um peak-to-peak g
ice. The crude lysate was cleared by centrifugation {10 '
at 10000 rpm). This crude enzyme preparation
subjected to purification. i

Enzyme assays: B-Xylosidase activity was measured §
assaying the amount of p-nitrophencl (pNP} liberated fi
the substrate p-nitrophenol B-D-xylopyranocside (pNP
Sigma Chem. Co.). The standard reaction mixture conta#
10 mM-pNPX dissolved in 50 mM-potassium phosp _
buffer {pH 6.5} and diluted intracellular enzyme prepar: 5
in a total volume of 1.0 mi. After incubation &t 40°C fo 3
min, the reaction was stopped by the addition of 1
Na,CO, and the absorbance at 420 nm was measured. §
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Analysis of the purified (B-xylosidase by gel electrophoresis
revealed one single protein band. The molecular mass of the 120

B-xylosidase was 85 Kda. The estimated molecular mass of
the St flavogriseus [-xylosidase is well within the range ~ 100l
reported for other bacterial B-xylosidase (Claeyssens et af., 2
1975; Lee and Forsberg, 1987; Panbangred et a/, 1984, =
Bachmann and McCarthy, 19889). % 80
.+
pH and temperature relationships of B-xylosidase activity: 2 &
p-xylosidase activity reached its maximum at pH 6.5 (Fig. =
2). However 85-100 per cent of its maximum activity were &
exhibited in the range pH 6.0-7.5. Actinomycete xylanclytic
enzymes generally exhibit pH optima which are neutral to
alkaline, in contrast to the acidic pH reguirements of 20
corresponding fungal enzymes (Ishaque and Klugpfel 1981; i
Nakanishi et a/., 1987; Backmann and McCarthy, 1989). 0 b——-ro : . S
: 4 5 6 7 8 g 10
Table 1:  Production of B-xylosidase by St. flavogriseus on PH
various substrates.
Substrate - B-Xylosidase activity (U/ml)
Wheat straw UT 0.09 Fig. 2: Effect of pH on B-xylosidase activity. Optimurn pH:
Corn cobs UT 0.13 The enzyme activity was assayed under standard
Corn stalks UT 0.16 conditions using various buffers.
Flax shives UT 0.15
Barley straw UT 0.08
Larchwood xylan 0.19 120
Wheat straw hemigellulose 1.30
Xvlose 1.11 o 100
Arabinose 0.09 o
Wheat straw T 1.25 2 g
Com Cobs T 1.10 £
Comn stalks T 1.15 : &0
Flax shives T 1.13 2
Barley straw T 0.07 %
T, alkali treated; UT, untreated 40
20
100 100
0 L | =1 | L ) 1 L
veo 30 35 40 45 50 S5 60 65 70 75
- Temperature {°C)
0.80 + -4 80
g Fig. 3: Effect of temperature on B-xylosidase activity.
> {e0 2 Optimum temperature: The enzyme was assayed
z 5 under standard conditions  with - varying
4 2 temperatures.
a
E 140 g The maximum activity of B-xylosidase was obtained at
> 40°C (Fig. 3), In the range of 30-55°C, B-xylosidase
e axhibited 75-100 per cent of its activity. In this connection
. 1% Ishaque and Kluepfel (1981) and Nakanishi et a/. {1987}

reported maximum activity from Streptomyces sp. at 40-

45"C. The pB-xylosidase of St. ffavogriseus was stable in the

range of pH at 6-8 (Fig. 4). Most of the activity was lost

0 below pH 5.0. Streptomyces sp. B-xylosidase was stable
from pH 6.0 to 9.0 (Nakanishi et af, 1987). The (-
xylosidase was stable up to 45°C when incubated in
phosphate buffer at optimum pH for 1 h (Fig. 5). Nakanishi

Lig. 1. Elution profile of B-xylosidase on Sephadex G-150. 67 & {1987) found that Strepromyces sp. B-xylosidase was

Protein (o) and B-xylosidase activity (=). stable at below 35°C . '

2}
sl
8

0 10° 20
Fraction No.
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unit (U} of B-xylosidase activity is defined as the amount
that produced 1 umol pNP/min under the above conditions,
and specific activity is expressed as U/mg protein.
Xylanase activity was determined by measuring the release
of reducing sugar from larchwood xylan as described by El-
Sawah et a/. {1991). One unit of xylanase activity is the
amount of enzyme required to liberate 1 ymoll xylose/min
at pH 7.0 and 45°C.

Purification of B-xylosidase: The crude enzyme preparation
was concentrated, precipitated by acetone, saturation with
ammonium sulphate up to 95 per cent. After centrifugation
at 11000 rpm for 30 min at 4°“C, the precipitated protein
was dissolved in 10 ml phosphate buffer {pH 7.0} and
examined for specific activity. The enzyme preparation was
desalted using Sephadex G-25 in a Pyrex glass column {2.2
X 31 c¢m) and equilibrated with phosphate buffer (pH 7.0}
for elution. The eluant was concentrated by using
lyophilizer. Then dialyzed against distilled water for 24 h,
then against phosphate buffer (pH 7.0) for 24 h, with
several changes of the buffer solution. For fractionation,
separation and purification of the concentrated dialyzed
enzyme solution, Sephadex G-150 (Pharmacia Sweden) was
packed in a column {2.5 X 50 cm) and equilibrated with
phosphate buffer, pH 7.0. Elution was carried out at 6°C at
flow rate (12 mi h™") and fractions of 2 ml were collected.
The action fractions of enzyme were combined and
lyophilized.

Electrophoresis: Disc gel electrophoresis was performed in
7.5 per cent palyacrylamide at pH 4.0, according to Davis
(1964). Molecuiar weight of enzyme was estimated by
‘sodium dodecyl sulphate gel electrophoresis according to
the method of Weber and Osborn (1269}, The low
molecular weight calibration mixture LMW kit E (Pharmacia)
was used as a malecular weight matter.

PH and temperature optima: For determination of the
optimum pH, pNPX dissolved in 0.05 M acetate, phosphate
and glycine NaOH buffers with pH values ranged between
470 and 10.0 and the incubation {10 min) was performed at
40°C. Foar determination of the optimum temperature, the
incubation of the enzyme was performed at pH 6.5 at the
temperatures ranged between 30-75°C.

pH and temperature stability: For determination of pH
stability, the enzyme preparation in 0.05 M acetate,
phosphate and glycine NaOH buffers, pH 4.0-10.0, was
incubated at 4°C for 24 h. Samples were withdrawn and
assayed for activity at pH B6.E. For determination of
temperature stability, the enzyme preparation in 0.05 M
phosphate buffer ipH 6.5} was incubated at different
temperatures {30-80°C) for 1t and the withdrawn samples
were assaved for residual p-xylosidase activity.

K, measurement: Tis K, value of the enzyme preparations
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was measured using samples containing 0.02 mg]
protein/ml. The pNPX concentrations ranged from 0.05.te4
10 mM at pH 6.5.

Inhibition kinetics: Inhibition kinetics were determined by
the addition of 10-100 mM sugar to the reaction mixture
The K, values were determined from Dixon plots (Roberts
1877} ‘

Protein determination: Protein was estimated by the method]
of Lowry er a/. {1951), with bovine serum albumin {Sigmj
Chem. Co.) as standard. :

p-Nitrophenol Determination: p-Nitrophenol was determineg
by the method of Okada et al. (1968).

Reducing sugars determination: Reducing sugars werg
determined by the method of Nelson {1944) as modified by
Somogyi (1952), with D-xylose as standard..

Hydrolysis axperiments: The hydrolysis was performed
0.056M phosphate buffer {pH 6.5) at 40°C. Wheat stra Af'
hemicellilose prepared by the method of Chen anf
Anderson (1980), and larchwood xylan were used d
concentration of 10 mg/ml. The hydrolysis percentage wel
determined. '

Results and Discussion _
B-Xylosidase production: The production of B-xylosidase by
St. flavogriseus on various natural substrates wag
investigated previously (El-Sawah et a/., 1991}, Howevef
moderate amounts of B-xylosidase were obtained. The aif
of this paper is to increase the yield of xylanase. Therfor@
fourteen substances were tested as shown in Table 1. Ty
results show that B-xylosidase activites were in the rang
0.07-1.30 units/ml, In general, B-xylosidase activites we
higher in the presence of treated substances than wif
untreated ones. St. flavegriseus produced the highest§
xylosidase activity in the growth medium containing whel
straw hemicellulose as substrate. Hemicelluloses are mo
readily degraded than cellulose, and this may partly expld
improved production of B-xylosidase in cultures containi
hemicellulose rather than cellulose (Kluepfel and Ishag
1982 and Kluepfel et a/., 1986).

B-Xylosidase purification: The enzyme was concentra
and purified using gel filtration chromatography. The fig
purification was approximately 20 fold and the mean ove '
yield was 26.84 per cent. Specific activity was gradus
increased with the progress of purification steps, why
reached to 10.12 IU/mg protein {Table 2}. The [-Xylosidg
activity eluated as a single peak (Fig. 1). B-Xylosid
fractions were poole¢ from the first fractions. §
component, clearly recognized in Fig. 7, includes one p
of protein activity at the respective fraction number. )
enzyme staried its activity at fraction no. 6, endedj
fraction no. 27 and reached its peak at fraction no. 134
a corresponding activity value of 0.72 U/mi.

Pak. J. Brol. Sci., 2 {3): 1010-1016, 1§
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Table 2: Purification of intracellular B-xylosidase from Streptomyces flavogriseus

Fraction Total activity (IU) Total protein (mg) Sp. Act. (IlU/mg)  Yield {%) Purification fold
Crude enzyme 26.53 53.33 0.50 100.00 -

Acetone precipitate 14.46 5.02 2.88 54.50 5.76
iNH,),S0, precipitate 10.84 2.13 5.10 40.85 10.20
Sephadex G-150 7.12 0.7 10.12 26.84 20.24

Table 3: Stability of B-xylosidase towards storing (at 4°C) and freezing, thawing & lyophilization.

Storing at 4°C

Freezing, thawing and Iyophilization

pH stability: The enzyme solution was brought to
different pH values (pH 3-10) by addition of
universal buffers and kept for 24h at 4°C. Activity
of these pre-incubation samples were measured.

Kinetics of B-xylosidase activity: The affinity of B-xylosidase
for pNPX was examined using a Lineweaver-Burk plot. The
wparent K, for purified B-xylasidase was 1.1 (Fig. 6).
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Storage period {monthly) Residual activity{%) Cycle Residual activity (%)
1 100 1 94.7
2 100 2 94.0
3 100 3 90.0
4 100
5 100
8 100
f-Xviosidase was completely stable {100% residual activity)
with storing at 4°C for five months in 0.05M phosphate
buffer, pH 6.5 {Table 3). The enzyme was also stable ”’le
towards freezing, thawing and lyophilization {Table 3). The -
residual activity was 90.0 per cent after three successive go -
tycles of freezing, thawing and lyophilization. The results - ,‘
we in line with Ghosh et a/. (1980} and El-Sawah (1988, |
1991}, :..é &0 F
S ol
S 40
i
100 ~ g uL
+L 20 ;F
ol * T
— i - Dé—b i i 1 1 I L. |
) f 30 35 40 45 &D 55 50 65 76 75 8O
_g 60 k Temperature ( °C)
g
T
g L Fig. 5: Effect of temperature on B-xylosidase stability.
20 * . Thermostability: The enzyme solution was kept
; without substrate aseptically in 0.05 M phosphate
. buffer, pH 6.5, for Th at various termperatures (30-
D; “—5' ; + ; + ; : é = :'0 80°C} and residual enzyme activity was measured
pH by the standard assays.
The results in {Table 4) show that although, Ca?*, Co?* and
Na* had no effect on B-xylosidase activity, iodine was
fig. 4. Effect of pH on B-xylosidase stability. complete inhibitory, Mn®*, Zn?* slightly reduced the

enzyme activity 5 &18 per cent. By Ag* and Fe2*, the
reduction of the B-xylosidase activity was 30 and §0 per
cent, respectivily. Moreovere, Hg?* was the most potent
inhibitor of B-xylosidase activity. The inhibitory action,
especially, of Hg** ions may be attributed to reaction with
thiol groups. Hg?* is known to react with peptide linkages
and may be capable of coordinating with carboxyl and
amino groups (Dekker and Richards, 1976).

Pak. J. Biol, Sci., 2 (3): 1010-1016, 1999
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Table 4: Effect of various reagents on B-xylosidase activity.

FReagents Concentration (M) Relative activity (%)
None 1.0x10°% 100
CaCl, 1.0x10°? 100
CoClt, 1.0x10° 100 v
NaCl 1.0x107% 100 ~
MnCl, 1.0x10°% a5 H
Zns0, 1.0x1073 82 = nf
AgNQ, 1.0x10™ ' 70 E
FeSO, 1.6x10° 50 3 -
HgCl, 1.0x10* 15 3 e g
I, 1.0x10° 00 > 2
SDS 1.0x10°* 92 = z
. o A
These results indicated that the enzyme is not metallo- o 5 0 5 10 15 20
enzyme or metal activated enzyme. Also, this protein is 15 (mM pNPX)-1
active against its substrate and does not need any o . . 1 .
activators. SDS resulted in partial inhibition of the enzyme. LA ! 2pNFX(mM| 3 4 8
The results are similar to those obtaingd by El-Sawah
{1991} on xylanase from the same organism.
B-Xylosidase activity was inhibited by D-xylose and L- Fig. 6: Effect of pNPX concentration versus [-xylosidase
arabinose, but not by D-glucose with pNPX as substrate activity.
(Table B). Such inhibition was more pronounced with
increasing concentration of the added sugar.
' Ve 0.6 mM
Table 5; Inhibition of B-xylosidase activity by sugars. z
Sugar Sugar concentration (%}
0.0 0.1 0.2 0.3 0.4
D-Xylose 0.0 20.75 31.05 60.55 80.60 0.4 mM
L-Arabinose 0.0 11.00 15.00 2570 35.50
D-Glucose 0.0 00.00 00.00 00.00 00.00 R
{extent of inhibition is expressed as a percentage) - /
Table 6: Synergism between the pure xylanolytic ggl®
components  from S flavogriseus  in L
hemicellulose or xylan hydrolysis (Enzymatic :
hydrolysis was carried out at pH 6.5 and 40"°C J. s
for 6h on 10 mg hemicellulose or xylan). . . . \ . . A . J
Enzyme component . Hydrolysis (%) - ° ,\ylusedruurrnlrmions(mM] "
Hemicellulose Xylan Fig. 7: Dixen plots of the effect of substrate and product
Endo B-1,4 xylanase {1U) 15 28 concentrations on B-xylosidase activity at 40°C
Endo 3-1,4 xylanase {2U} 28 51 and pH 6.5.
B-Xylosidase {0.03U) 10 12 )
B-Xylosidase (0.01U) 2 4 The hydrolysis of 10 mM pNPX was reduced to 79.25 per
Endo f-1 '_4 xylanase (1U) cent and 19.4 per cent of its original value when 1.0 and
+ P-xylosidase (0.03U) 30 : 60 4.0 (mg/mi) of xylose was added. The results show that
Endo B'1'_4 xylanase (1U) xylose is an end product inhibitor and inhibit B-xylosidase
+ B-xylosidase (0.01U) 21 44 compaetitively, and the K; as determined from a Dixon plot
Endo B-1 '_4 xylanase (2U) . was 5.2 mM (Fig. 7}. End-product inhibition of B-xylosidase
+ B-xylosidase (0.03U} 42 80 activity by xylose or arabinose is important in limiting the
Endo B-1,4 xylanase {24} rate of lignocellulose saccharification in any process, since ;
+ Brxylosidase (0.0TU) 33 69 it is likely that the action of B-xylosidase itself, in removing }
Pak. J. Biol. Sci., 2 (3): 1010-1076, 1999 1014

20




El-Sawah et al.. Streptomyces flavogriseus, B-xylosidase, xylanase

oligosaccharides inhibitory to endoxylanase activity, would
be a key regulatery mechanism (Bachmann and McCarthy,
1989).

Hydrolysis of xylan: The results in Table 6 showed that B-
xylosidase plays an important role in both hemicellulose and
xylan hydrolysis. B-xylosidase increased the substrate
hydrolysis when added to the hydrolysis mixture containing
xylanase. The hydrolysis process depended on the level of
B-xylosidase than with that of xylanase. However, the
activity of B-xylosidase alone on substrates was limited.

It is apparent from the results that the B-xylosidase is a key
enzyme for the hydrolysis of hemicellulose. In addition to
the substituent-cleaving enzymes {Poutanen et a/., 1987
and El-Sawah, 1997), the synergistic action betwean -
xylosidase and xylanase for hemicelluloses hydrolysis was
confirmed {Pautanen and Plus, 1988; Desphande et al.,
1988).
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