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Summary 

The endoxylanase (1,4-/~-D-xylan xylanohydrolase,  EC 3.2.1.8) from the 
culture filtrate of  a mushroom, T e r m i t o m y c e s  c lypeatus ,  has been purified 
93-fold by ammonium sulphate precipitation, ion-exchange chromatography 
(DEAE-Sephadex) and gel permeation chromatography (Bio-Gel P-200). The 
enzyme preparation gave a single protein band on disc gel electrophoresis at pH 
9.5, and has a molecular weight of  approx. 90 000. It also acts on amylopectin,  
arabinoxylan and arabinogalactan. 

The enzyme shows maximum activity on xylan (1,4-/Llinked D-xylopyranose 
units) at pH 5.5 and at 55°C and is fairly stable between pH 3 and 10 and tem- 
peratures up to 60°C. The Km is 4 mg of  xylan/ml. Hg 2+ is the most  potent  
inhibitor, whereas Fe 2+, Ag ÷, iodoacetate and phosphate moderately inhibit the 
enzyme activity. 

Introduction 

Xylanase is an important  hydrolyt ic  enzyme splitting 1,4-~-linked glycosidic 
bonds of  D-xylopyranoside units of  xylan. This enzyme has been purified from 
various fungal and bacterial sources and studied in different laboratories [1] 
but  little is known about  the same from mushroom fermentation. 

The present paper describes the purification and properties of  an extra- 
cellular endoxylanase obtained during submerged fermentation of  the mush- 
room T e r m i t o m y c e s  c lypeatus .  

Materials and Methods 

The synthetic medium for the growth of  T. c lypea tus  (Heim) has been 
described earlier [2]. For the product ion of  enzyme submerged fermentation 
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was continued at 30 + 1°C for 7 days in a medium containing (%, w/v) dextrin, 
4; NH4H2PO4, 2.463; CaCl: • 2 H20, 0.037; KH2PO4, 0.087; MgSO4 • 7 H20, 
0.05; HaBO3, 0.057; FeSO4 • 7 H20, 0.025; MnC12 • 4 H20, 0.0036; NaMoO4 • 
4 H20, 0.0032; ZnSO4 • 7 H:O, 0.03; at pH 3.0. 

Xylan (1,4-fl-linked) from larch wood,  yeast mannan, DEAE-Sephadex 
(A-50), methyl-~-D-xylopyranoside, methyl-fl-D-xylopyranoside, amylopectin 
azure, a-methyl-D-mannopyranoside, 1-O-methyl-a-D-glucopyranoside, arabino- 
galactan and carboxymethyl  cellulose (low viscosity) were purchased from 
Sigma Chemical Co., U.S.A. Arabinoxylan (arabinose, 34.1%, and xylose, 
65.9%) was a gift from Dr. G.B. Fincher, Brewing Industry Research Founda- 
tion, England. Biol-Gel P-200 {75--150 pm) was the product  of  Bio-Rad 
Laboratories, U.S.A. Iodoacetic acid, dextrin white ([a]D > 200°) and EDTA 
were purchased from E. Merck, Darmstadt,  F.R.G. Horse myoglobin (Mr 
17 800), chymotrypsinogen A (25 000), ovalbumin (45 000) and bovine serum 
albumin (67 000), were the products  of  Serva Fine biochemicals), Heidelberg, 
F.R.G. Other chemicals used were of  chemically pure quality. 

Assay of xylanase activity 
This was carried out  by measuring the amount  of  liberated reducing sugar 

according to the method of  Nelson [3] as modified by Somogyi [4]. The assay 
mixture contained 0.1 ml of  culture filtrate or enzyme solution, 1.0 ml xylan 
suspension (10mg/ml in 0.1 M citrate/phosphate/acetate buffer, pH 5.0) and 
0.9 ml of  the same buffer. Incubation was carried out  for 30 min at 40°C, and 
s topped by adding 2 ml alkaline copper reagent. The mixture was kept  for 10 
min in a boiling water bath and cooled, followed by the addition of  1.0 ml 
arsenomolybdate reagent. After 15 min the mixture was centrifuged. The 
supernatant was diluted 5 times with water and the absorbance measured at 
500 nm. Readings were expressed in terms of  xylose equivalents. One unit of  
enzyme activity was expressed as the amount  of  enzyme protein which 
produces one #mol  of  D-xylose per min under the assay conditions. 

Protein determination 
Protein was estimated according to Lowry et al. [5] using bovine serum 

albumin as standard. 

Polyacrylamide gel electrophoresis 
Gel electrophoresis was carried out  in glycine-Tris buffer of  pH 9.5 using 

7.5% acrylamide [6]. A constant current of  2.5 mA per gel (7.0 cm) was 
applied for 3 h at 25°C. Gels were stained with Coomassie brilliant blue for 
12 h and destained with methanol/acetic acid/water. 

Sodium dodecyl  sulphate (SDS) gel electrophoresis of  the fl-mercapto- 
ethanol-treated enzyme on polyacrylamide gel (7.5%) was performed according 
to Weber et al. [7]. A constant current of  8 mA per gel (8.0 cm) was applied 
for 6 h at 25°C. 

Purification of xylanase 
This was carried out  at 4°C unless otherwise specified using the following 

steps. 



145 

(i) Ammonium sulphate precipitation. The filtered broth (2 l) was brought 
to pH 6.5 by  slow addition of  K2HPO4, which caused a heavy precipitate. The 
mixture was kept  overnight and centrifuged. The supernatant was then brought 
to 80% saturation with (NH4)2SO4 and kept  overnight. The precipitate was 
dissolved in 20 ml 0.005 M citrate/phosphate buffer  (pH 5.0), dialysed against 
the same buffer and applied onto  a DEAE-Sephadex column. 

(ii) Chromatography on DEAE-Sephadex (A-50). The column (2.8 × 39.0 
cm) was equilibrated with 0.005 M citrate/phosphate buffer  (pH 5.0). The 
enzyme solution (20 ml) was applied to the column and eluted with the same 
buffer at a f low rate of  12 ml/h. After passing 4 bed volumes of  the buffer  (650 
ml), a 0--0.8 M linear NaC1 gradient was used. 

(iii) Chromatography on Bio-Gel P-200. The column (2.2 X 51 cm) was 
equilibrated with 0.1 M citrate/phosphate buffer  (pH 5.0). Xylanase fraction 
(60--80) eluted with NaC1 gradient from the DEAE-Sephadex column was 
lyophilized to approx. 4 ml, dialysed against the same buffer  and applied to the 
column. The enzyme was eluted (5 ml/ tube) with the same buffer at a rate of  
4.5 ml/h. The fraction (22--33) showing activity was used as enzyme source for 
further studies. 

Studies on the properties o f  the purified enzyme 
(a) Optimum temperature. Xyalanase activity was measured at 10--80°C to 

determine the opt imum temperature.  
(b) Thermal stability. Enzyme solution (10 pg protein per ml) was kept  at 

pH 5.0 for 1 h at different temperatures (30--80°C) and for several hours 
(40°C) to days (30°C) and residual enzyme activity was measured. The same 
enzyme solution was lyophilized, frozen and thawed, and enzyme activity was 
measured. 

(c) Effect o f  pH on activity. Universal buffers (ci t rate/phosphate/borate/  
barbiturate) of  pH 3.0--10.0 were used in the incubation to determine the 
opt imum pH for enzyme activity. 

(d) Stability at different pH values. The stock enzyme solution was brought 
to different pH values (pH 3--10) by dilution (10 times) with universal buffers 
and kept  for 1 h at 37 ° C. Activity of  these preincubated samples was measured. 

(e) Rate o f  xylan hydrolysis. This was done by determining the reducing 
groups liberated at different t ime intervals ( 1 0 - 1 5 0  min) in an incubation 
mixture containing 1.1 • 10 -2 unit  of  enzyme and 10 mg xylan. 

(f) Effect o f  some metal ions and inhibitors. Enzyme activity was measured 
in presence of  the compounds  using acetate buffer  (0.1 M, pH 5.0). 

(g) Effect o f  substrate concentration on enzyme activity. Variable amounts  
(0.25--40 mg) of  xylan in acetate buffer  were incubated with the same amount  
of  enzyme (3.91 • 10 -2 unit). 

(h) Activity towards different substrates. In the assay mixtures different 
carbohydrates including xylan were incubated for 2 h at the concentration of  
5 mg/ml in 0.1 M acetate buffer with the same amount  of  enzyme. Activities 
were expressed in terms of  liberated xylose equivalents. 

Thin-layer chromatography o f  enzyme hydrolysed products 
Aliquots of  the incubation mixture at various time intervals were chromatog- 
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raphed on buffered Kieselguhr plates for detection of  liberated xylose and 
other  carbohydrates according to Brown and Anderson [8]. The incubation 
mixture contained 2 ml 1% (w/v) xylan in 0.1 M acetate buffer (pH 5.0) and 
0.3 ml enzyme (10 #g protein/ml) and the solvent system used was iso- 
propanol/ethyl  acetate/water ( 1 3 : 2 0 : 7 ) .  Spots were detected on the 
chromatogram with anisaldehyde reagent. Xylose was chromatographed as 
reference sugar. 

Results 

Purification of  xylanase 
The enzyme was purified from the culture filtrate of  T. clypeatus in a state 

of  homogenei ty following different steps (Table I). 
(i) (NH4)2S04 precipitation. It has been observed that direct addition of  

ammonium sulphate in the culture filtrate caused about  80--90% loss in 
enzyme activity. This loss could be checked by prior buffering of  the culture 
filtrate to pH 6.5 by adding solid K2HPO4. This t reatment caused precipitation 
which is free from any enzyme activity but  the supernatant has only 40% activ- 
ity. However, the total activity could be recovered by subsequent ammonium 
sulphate precipitation. It has also been found that subsequent dialysis of  
ammonium sulphate fraction resulted in an increase in total enzyme activity 
from 38.4 to 42.3%. All these steps caused a 6-fold purification of  the enzyme. 

(ii) Chromatography on DEAE-Sephadex (A-50). The elution pattern of  
proteins including xylanase activities from the column charged with ammonium 
sulphate precipitate is shown in Fig. 1. 

It was observed that during initial buffer elution a small fraction of  total 
xylanase activity, applied on the column, came out  in the fractions 12--38. 
These fractions were curiously assayed for CM-cellulase activity and found to 
have a high titre of  the same. This port ion having high cellulase and low 
xylanase activity was not  included in the subsequent purification steps. Elution 
with a NaC1 gradient liberated the major xylanase from the column without  
any contaminated cellulase activity (fractions 60--82, 116 ml). From Table I, it 

T A B L E  I 

P U R I F I C A T I O N  O F  X Y L A N A S E  F R O M  T H E  C U L T U R E  F I L T R A T E  O F  T. C L Y P E A T U S  

E n z y m e  s a m p l e  P r o t e i n  Total  Specific R e c o v e r y  Purif i -  
(mg)  activity act ivity yield cat ion 

(Uni t s  × (Uni t s  (%) ( - fold)  
10 -2)  per mg o f  

P r o t e i n )  

Cu l t u r e  f i l t r a te  ( 2 0 0 0  m l )  1 3 0 6 . 0  7 .87  

B u f f e r e d  c u l t u r e  f i l t ra te  ( 2 0 0 0  m l )  3 6 6 . 0  3 . 0 2  

A m m o n i u m  s u l p h a t e  ( 0 - - 8 0 % )  9 5 . 0  3 . 3 3  
saturation (20  ml )  

D E A E - S e p h a d e x  ( A - 5 0 )  f r a c t i o n s  6 0 - - 8 2  9 .3  2 . 3 2  
( 1 1 6  ml)  

Bio Gel  P - 2 0 0  f r a c t i o n s  2 2 - - 3 3  ( 5 5  ml )  2 .2  1 . 2 2  

0 . 5 9 7  1 0 0  1 

0 . 8 2 5  3 8 . 3 7  1 . 3 8  

3 . 5 0  4 2 . 3 1  5 . 8 6  

2 5 . 0  2 9 . 4 8  4 1 . 8 8  

5 5 . 5  1 5 . 5 0  9 2 . 9 6  
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is evident that 7-fold purification of  this enzyme takes place at this step. Thus, 
up to this step 30% enzyme activity was recovered with 42-fold purification. 

(iii) Gel-fractionation with Bio Gel P-200. The fractions collected between 
tubes 22 and 33 (55 ml), were found to have xylanase activity (Fig. 2). This 
step increased the specific activity of  the enzyme by more than 2-fold with 
about 50% loss in recovery yield. 

(iv) Disc electrophoresis on polyacrylamide gel. The xylanase eluted from 
Bio Gel P-200 column upon gel electrophoresis at pH 9.5 gave a single band 
(Fig. 3, I). No  mobil i ty o f  the enzyme protein was observed at lower pH values. 
The enzyme also gave a single band on SDS gel electrophoresis (Fig. 3, II). 

General properties of  the purified enzyme 
(a) Optimum temperature. The enzyme shows opt imum activity at 55°C 
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Fig. 3. Po lyacry la ra ide  gel e lec t rophores i s  of  the  pur i f ied  xylanase .  ( I)  E l e c t r o p h o r e t o g r a m  of  the  e n z y m e  
on 7.5% p o l y a c r y l a m i d e  gel. ( I I )  E l e c t r o p h o r e t o g r a m  of  the  reduced  and  d e n a t u r e d  e n z y m e  on  7.5% poly-  
ac ry l amide  gel w i th  0.1% SDS. 

with xylan as substrate and retains 20% of its maximum activity even at 10 or 
75°C. 

(b) Thermal stability. Preincubation of the enzyme for I h at 35°C or below 
does not affect its activity, but at higher temperatures (up to 60°C) 40--50% 
loss was noted. A sharp fall from 60°C leading to a total loss in activity at 70°C 
was observed. Preservation at 30°C even for several days caused only about 
42% loss in activity, while incubation at 40°C for only 4 h lowered the enzyme 
activity to 35% (Table II). The enzyme is stable towards freezing and 
lyophilization with 15% loss in activity per freezing and thawing cycle. 

(c) Effect of pH. Optimum pH for xylanase activity was found to be 5.5. 
About 50% decrease in the opt imum activity occurs both at pH 3.0 and 7.0; 
surprisingly, it was noted that  the enzyme has some activity even at pH 10.0. 

(d) Stability at different pH values. The enzyme is relatively stable over a 
wide range of  pH values (3.0--10.0) at least for 1 h. 

T A B L E  II  

T H E R M A L  S T A B I L I T Y  OF T. C L Y P E A T U S  X Y L A N A S E  A T  30 A N D  40°C  

TemperatUre  Time  Loss of  ac t iv i ty  

(°C) (%) 

30  24 h 31 .07  
30  7 days  4 1 . 7 5  
4 0  4 h 66 . 02  
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T A B L E  II I  

E F F E C T  OF SOME M E T A L  IONS A N D  I N H I B I T O R S  ON X Y L A N A S E  A C T I V I T Y  

Act iv i ty  was  assayed b y  incubat ing 0 . 0 2 5  units  o f  e n z y m e  in 2 ml  (final vo lume)  containing 0.1 M acetate  
buffer  (pH 5.0) ,  10  mg x y l a n  and the chemicals  at 40°C for 30  min ,  and measuring the  xy lose  Hberated 
therein  fo l lowing  the  m e t h o d  already described.  

Chemicals  Residual  act ivity (%) 

2 m M  20 m M  

Hg 2+ 11 .5  0.0 
Ag + 61 .5  8.0 
Fe 2+ 67 .5  10 .0  
Cu 2+ - -  75 .0  
Zn 2+ -- 75.0 

Mg 2+ - -  98 .0  
Ca 2+ -- 86.0 

NaN 3 -- 98 .0  
C H 2 I C O O H  94 .5  5.0 
E D T A  100 .0  17 .0  

(e) Rate of  xylan hydrolysis. It has been observed that by the enzymatic 
action on xylan, reducing groups are exponentially liberated with time for a 
period up to 90 min and the rate of  hydrolysis is uniform right from the 
beginning. Beyond this period, the rate of  hydrolysis decreases gradually with 
time. 

(f) Effect of  some chemical agents. Among the metal ions tested (Table III), 
Hg 2÷, Ag ÷ and Fe 2÷ are strong inhibitors while Cu 2÷, Zn 2÷ and Ca 2÷ caused mild 
inhibition at 20 mM concentration. Iodoacetic acid and EDTA also inhibit 
activity strongly at 20 mM and very weakly at 2 mM concentration. Among the 
inhibitor tested Hg 2÷ may be accounted as the most potent one. It was also 
interestingly noted that about 50% loss of  activity occurs in the presence of  
100 mM NaH2PO4. Bovine serum albumin (100 pg/ml) has no effect on enzyme 
activity. 
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Fig. 4.  Lineweaver-Burk plot .  Variable a m o u n t s  ( 0 . 2 5 - - 4 5  mg per ml  in 0 . I  M acetate buffer ,  pH 5.0)  of  
x y l a n  were  incubated .  
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T A B L E  IV 

SPECIFIC A C T I V I T I E S  OF T. C L Y P E A T U S  X Y L A N A S E  ON D I F F E R E N T  S U B S T R A T E S  

Specific ac t iv i ty  is expressed  in t e r m s  of  xylose  equiva len ts  p r o d u c e d  per  m g  of e n z y m e  pro te in  per  rain.  

Subs t ra te  Specific ac t iv i ty  
(5 m g / m l )  (pmol  • m g  -1 • m in  -1 ) 

Arab inoga lac t an  5.3 
A r a b i n o x y l a n  5.5 
A m y l o p e c t i n  14 .7  
Xylan  55 .5  

(g) Effect of  substrate concentration. From the Lineweaver-Burk plot  
(Fig. 4), V and Km values are found to be 7.41 • 10 -2 pmol  of  xylose/min per 
pg of  enzyme and 4 mg xylan per ml, respectively. 

(h) Activity towards different substrates. The enzyme has no ~- or 
fl-xylosidic or ~-glucosidic or ~-mannosidic activity. Cellulose, CM-cellulose, 
sucrose and mannan were not  at all at tacked by the enzyme,  but  appreciable 
reducing sugar formation was noted by its action on two unrelated carbo- 
hydrates like amylopect in and arabinogalactan (Table IV). Almost same 

SoJvent 
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Point of 
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ISOlDrooonol: Ethyl bcelote: 
Woter (15:20:7. V /V)  

-t 

I 2 3 4 5 6 

Fig. 5. One-d imens iona l  th in - layer  c h r o m a t o g r a m  of  i n c u b a t i o n  m i x t u r e s  con ta in ing  T. c l ypea tus  xylanase  
wi th  xy lan  as subs t ra te .  (1),  D-xylose;  (2),  (3),  (4) ,  (5)  a nd  (6)  are  r eac t ion  m i x t u r e s  i n c u b a t e d  for  0.5,  
1.0, 4.0, 24.0 and  0 h, respect ive ly .  P rocedures  are desc r ibed  in Methods .  
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enzyme activity was noticed for both  arabinogalactan and arabinoxylan. 
(i) Characterisation of  xylose in the enzyme hydrolysed products. The 

schematic diagram of  the developed thin-layer chromatographic plate (Fig. 5) 
represents that  xylose is one of  the products  in all the incubation mixtures 
(from 0.5--24 h). But total hydrolysis to xylose was not  achieved even in 24 h 
of  incubation. 

(]) Molecular weight and subunit localisation of  the xylanase. Molecular 
weight of  xylanase as determined from the relative mobil i ty of  different 
standard proteins on SDS electrophoresis was approximated to be 90 000. The 
enzyme also gave a single protein band (Fig. 3, 11) indicating that it contains 
similar subunits or not  subunit.  

Discussion 

Xylanases are nowadays receiving much at tention due to their huge applica- 
tions in commerce as well as in various fields of  biochemistry.  Preliminary 
reports on xylanases from the mushrooms, Agaricus bisporus [9], Polysporus 
betulinus [10] and Schizophyllum commune [11] are available, but  the extra- 
cellular production of  the enzyme from mushroom so far has not  been reported 
in detail. 

The extracellular production of  a xyalanase from a mushroom, T. clypeatus, 
as observed in the laboratory appeared to be interesting as the enzyme i s  
constitutive and produced in high titre. In the process of  purification, ammo- 
nium sulphate precipitation of  the enzyme from the unbuffered culture filtrate 
caused considerable loss in the enzyme activity and that  was only partially 
prevented by prior buffering of  the culture filtrate. This phenomenon was 
reported by Dekker  and Richards [12] during xylanase purification from the 
culture filtrate of  a lower fungus. 

Chromatography of  the ammonium sulphate precipitate on DEAE-Sephadex 
gave two well separated xylanase fractions. The first fraction, eluted with the 
void volume, has high cellulase but  low xylanase activity and was not  purified 

fu r the r .  The second major xylanase fraction having no cellulase activity was 
eluted by  using a linear gradient (0--0.8 M) of  NaC1. Two protein bands were 
detected in the fraction by polyacrylamide gel electrophoresis at pH 9.5. 
Subsequent  purification of  the enzyme preparation by gel fractionation on Bio 
Gel P-200 gave a homogeneous enzyme solution. These procedures caused 
about  93-fold purification of  the enzyme with a recovery yield of  about  15% 
(Table I). 

Studies on the physicochemical properties of  the mushroom xylanase 
indicate that  the enzyme has a pH opt imum at 5.5, temperature opt imum at 
55°C, temperature stability up to 60°C and pH stability between pH 3 and 10. 
All these observations are very similar to the properties of  xylanases from 
various sources [1]. But the molecular weight of  T. clypeatus xylanase is rela- 
tively high (about  90 000) compared to that  reported from other  sources [ 1]. 

The inhibition of  enzyme activity by  Hg 2÷, Ag ÷, Cu 2+, Fe 2÷ and also by iodo- 
acetate was similarly observed for a xylanase from B. subtilis [13].  The Hg 2÷ 
was found to be the most  potent  inhibitor, and its effect  on enzymic activity 
suggests reaction with thiol groups. But the inhibition by PO~- of  this enzyme 
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activity as observed here has not been reported so far. During purification, the 
loss of xylanase activity by buffering with PO~- and also the subsequent slight 
regain in activity upon dialysis may be accounted for by the same reason. 
So in the subsequent studies, citrate-phosphate buffer was replaced by acetate 
buffer. 

The rate of hydrolysis of xylan decreased in the higher range of substrate 
concentration, presumably because of substrate inhibition. 

The substrate specificity of this enzyme is interesting as it liberates appreciable 
reducing groups from amylopectin and arabinogalactan. Compared to xylan, 
arabinoxylan was found to be a poor substrate. Activities towards amylopectin 
and arabinogalactan as observed here, are not peculiar for xylanases. The 
purified xylanase from commercial cellulase preparation is also capable of 
hydrolysing both cellulose and amylose [ 14,15]. Takenishi et al. [ 16] reported 
that a highly purified xylanase is also capable of hydrolysing (1-* 3)-L-ara- 
binofuranosyl linkages at the branch points of arabinoxylan. A similar observa- 
tion was also reported by Toda et al. [17]. 

Characterisation of the enzyme-hydrolysed products (Fig. 5) indicates that 
the enzyme is an endoxylanase. 
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