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Melanocarpus albomyces IIS 68 synthesizes xylanase, ,&xylosidase and xylan debranching enzymes, namely, 
acetyl esterase, a+arabinofuranosidase and a-o-giucuronidase, when grown on various substrates. All five 
enzymes were found to be inducible. Wheat straw was found to be the best carbon source for production of 
extracellular xylanase (172 H/ml) and the maximum number of xylanase isoenxymes. Out of the seven xylanase 
isoenxymes, xylanase Ic was found to be constitutive whereas the other six xylanases, namely, Ia, Ib, IIa, IIb, 
IIc and III, exhibited more speck! inducibillty, the magnitude of which depended on the nature of the inducer. 
The best inducer for bxylosidase and acetyl esterase synthesis by washed mycella was wheat straw whereas 
arabinose and birchwood xylan brought about the maximum induction of a+arabinofuranosidase and U-D- 
glucuronidase, respectively. In general, complex substrates were more effective inducers for xylanolytic enzymes 
than simple sugars. 

[Key words: xylanase, /&xylosidase, acetyl esterase, a+arabinofuranosidase, a-D-glucuronidase, Melano- 
carpus albomyces] 

Cellulose and xylan are the two most abundant poly- 
saccharide components of cellulosic residues whose hy- 
drolysis products, glucose and xylose, can be used in a 
number of industrial applications (l-3). For maximizing 
hydrolysis of lignocellulosic residues by cellulase en- 
zymes, synergistic action of xylanase is required (4). The 
major enzymes responsible for the hydrolysis of xylan 
are xylanase (endo 1,4-,9-o-xylanohydrolase, EC 3.2.1.8) 
and fi-xylosidase (1,4-,9-o-xylohydrolase, EC 3.2.1.37). 
Xylanase cleaves ,8-1,4 linkages of the xylan backbone 
in an endo-manner. P-Xylosidase hydrolyzes xylobiose 
and small xylooligosaccharides to xylose and facilitates 
the hydrolysis of xylan by relieving the inhibition of 
xylanase. A few additional debranching enzymes are also 
required for complete hydrolysis of xylans by removal of 
the side chain substituents from the xylan backbone. 
Often xylans are in partially acetylated form, which are 
cleaved by acetyl esterase (EC 3.1.1.6) (5). Arabinosyl 
substituents are removed by cu-t-arabinofuranosidase 
(EC 3.2.1.55), which results in an increase in the number 
of potential access points of xylanase to the xylan back- 
bone (6). 4-O-Methyl glucuronic acid side groups, which 
are among the major substituents of wood xylans, form 
ester linkages between uranic acid residues and lignin. 
Since lignin-carbohydrate linkages are sought to be re- 
moved for biological degradation of lignified cell walls 
such as in biopulping, a-glucuronidase can be an im- 
portant enzyme along with other xylanolytic enzymes in 
paper manufacture (7). Xylan substituents, which are 
usually found close to the non-reducing end, are re- 
moved by xylan debranching enzymes, suggesting that 
xylosidic linkages on one side of the branch points are 
preferentially protected from xylanase attack (8-10); 
hence, it is advantageous to select a carbon source which 
not only induces xylanase and ,&xylosidase but also the 
xylan debranching enzymes. 

Xylanase is produced by a wide range of bacteria and 
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fungi (11). Melanocarpus albomyces IIS 68, a thermo- 
philic fungus isolated from compost and soil (12), is a 
good producer of xylanase. The low level of cellulase 
activity in this fungus makes it a good choice for its 
application in the paper and pulp industry. 

In the present paper the studies carried out on produc- 
tion of xylanase and /&xylosidase by M. albomyces 
grown on various simple and complex carbon sources 
are reported as is the effect of various carbon sources 
and methyl-b-o-xyloside on biosynthesis of xylanase, p- 
xylosidase, acetyl esterase, a-r.-arabinofuranosidase and 
a+glucuronidase in washed mycelia of M. albomyces. 
Moreover, changes in the patterns of biosynthesis of vari- 
ous xylanase isoenzymes in response to various growth 
substrates and methyl-b-D-xyloside are described. 

MATERIALS AND METHODS 

Microorganism and its cultivation M. albomyces 
IIS 68 was maintained on YPSS medium (13) containing 
0.4% yeast extract, 0.1% K2HP04, 0.05% MgS04. 
7Hz0, 1.5% soluble starch and 2% agar (PH 7.0), and 
subcultured every month. For preparation of inoculum 
the fungus was grown in a medium containing 1.0% 
glucose, 0.05% urea, 0.06% KHrPO*, 0.04% K2HP04, 
0.05% MgS04.7Hz0 and 1.0% yeast extract. The pH of 
the medium was 6.0. The growth temperature was 45°C 
and agitation rate of the shaker (Adolf Kuehner, Switzer- 
land) was 230 rpm. For enzyme production experiments, 
the composition of the medium was the same as above 
with the exception that glucose was replaced with vari- 
ous other carbon sources. The fungus was grown in 
500 ml Erlenmeyer flasks containing 100 ml medium with 
4 glass beads 1 cm in diameter. 

Induction of xylanolytic enzymes The organism 
was grown for 60 h on glucose medium and washed 
three times with sterilized Milli Q water (Millipore Inc., 
USA), and 650+20mg of wet mycelial mass was sus- 
pended in 20 ml sodium phosphate buffer (0.1 M, pH 
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6.0) containing the inducer. The suspension was agi- 
tated at IOOrpm at 45°C. For study of the effect of 
cycloheximide on enzyme synthesis, cycloheximide was 
added to wheat straw containing mycelial suspension to a 
final concentration of 25 and 50 ,ng/ml in two separate 
experiments. 

Enzyme activity assays Xylanase was assayed by 
the method reported by Bailey et al. (14) but the sub- 
strate used was 1% oat spelt xylan in 0.05 M sodium 
phosphate buffer of pH 6.0 at 70°C. One unit of xy- 
lanase activity was defined as one pmole of xylose pro- 
duced by one ml of undiluted enzyme in one minute. f- 
Xylosidase and xylan debranching enzymes were assayed 
using para-nitrophenyl-containing chromogenic substrates. 
The substrates used were p-nitrophenyl a-r-arabinofura- 
noside (15) for a-L-arabinofuranosidase, p-nitrophenyl- 
a-D-glucuronide for a-D-glucuronidase (16), p-nitrophenyl- 
P-D-xylopyranoside for B-xylosidase (17), and p-nitro- 
phenyl acetate for acetyl esterase (18). A suitably diluted 
crude extract (0.1 ml), obtained after removal of mycelia 
and other insoluble material by centrifugation, was in- 
cubated with 0.9ml of substrate solution in phosphate 
buffer (0.05 M, pH 6.0) at 50°C for 10 min in a shaking 
water bath. The substrate concentration in reaction 
mixture of arabinofuranosidase, glucuronidase and ,3- 
xylosidase was 3.6 ,nmol/ml. All enzyme reactions ex- 
cept that of acetyl esterase were terminated by addition 
of 1 ml of 1 M sodium carbonate solution to the reac- 
tion mixture. The reaction of a saturated solution of p- 
nitrophenyl acetate with acetyl esterase, present in the 
crude extract, was terminated by immersion of the reac- 
tion mixture in an ice bath. The amount of p-nitrophenol 
released was determined by measurement of the absor- 
bance at 410 nm. One unit of enzyme activity was defined 
as one pmole of p-nitrophenol produced per min by one 
ml of undiluted enzyme solution. 

SDS-PAGE and xylanase activity staining The 
buffer extract, obtained by pelleting out of the suspend- 
ed mycelia from the induction medium, was subjected to 
SDS-PAGE and subsequently to xylanase activity stain- 
ing. The SDS-PAGE was performed in 10% acrylamide 
gels by the method of Laemmli (19). Proteins were 
stained with Coomassie Brilliant Blue-R250 and 1,4-p-~- 
xylanases were localized in agar-Remozol Brilliant Blue- 
xylan gels by a gel-overlay technique as described by 
Biely et al. (20) after renaturation of xylanases using 
isopropyl alcohol (21). This is a standard technique for 
renaturation of xylanases after their separation by SDS- 
PAGE. 

RESULTS AND DISCUSSION 

Xylanase and bxylosidase production by iU. albo- 
myces The fungus was grown on various carbon 
sources for determination of the effect of these carbon 
sources on xylanase and B-xylosidase production by the 
fungus. The carbon sources included monosaccharides 
(arabinose, glucose and xylose), polysaccharides (cellu- 
loses and xylans) and complex lignocellulosic materials 
(bagasse, corn cobs, peanut shells and wheat straw). 
Amongst all carbon sources tested, wheat straw was 
found to be the best carbon source for the production of 
extracellular xylanase, and xylose for the production of 
/3-xylosidase (Table 1). The time profiles of xylanase and 
/%xylosidase production by M. albomyces grown on 
beechwood xylan, wheat straw, and xylose (the best car- 

TABLE 1. Production of xylanase and $-xylosidase by 
M. albomyces on various carbon sources 

Carbon source Concentration Enzyme activity (IU/ml) 
(% w/v) Xylanase ,?-Xylosidase 

Monosaccharides 
Arabinose 1 

2 
Glucose 1 

L 

Xylose 1 
2 

Polysaccharides 
Xylan-beechwood 1 

2 
Xylan-birchwood 1 

1 

L 

Xylan-larchwood 1 
L 

Xylan-oat spelt 1 
2 

Avicel cellulose 1 
2 

Carboxymethyl cellulose 1 

SoIka Floe 

Lignocelluloses 
Bagasse 

Corn cobs 

Peanut shells 

Wheat straw 
2 

30.5 1751 
29.0 [75] 
16.5 [70] 
15.3 (701 
39.6 [74] 
34.2 [74] 

100.3 [85] 
91.2 [85] 
84.4 [90] 
70.0 1901 
62.8 1701 
40.3 i7oi 
68.7 [70] 
58.1 [70] 
12.5 [85] 
11.8 [85] 
8.0 [105] 
5.9 [IO51 

53.2 [85] 
39.8 [85] 

48.5 [I201 
39.1 [I201 
73.9 [loo] 
66.2 [IOO] 
36.5 [IIO] 
31.8 [I201 

172.0 [I251 
150.8 [I251 

0.063 1701 
0.076 [70] 
0.150 [90] 
0.160 [90] 
0.750 [70] 
0.840 [IOO] 

0.500 [75] 
0.600 [75] 
0.520 [90] 
0.610 [90] 
0.435 [70] 
0.530 [70] 
0.390 [70] 
0.430 [70] 
nm 

::8 [IOO] 
0.115 [loo] 
0.144 [80] 
0.151 [80] 

0.113 [I201 
0.121 [I301 
0.330 [95] 
0.355 [95] 
0.094 [IIO] 
0.105 [IlO] 
0.710 [I251 
0.760 [I251 

nm, Not measured. 
The figures in parentheses represent the time (h) of maximum 

activity. 

bon sources in their respective categories) are shown in 
Figs. 1A and 1B. The highest xylanase activity of 172 
III/ml was obtained on wheat straw in 125 h (Fig. IA). 
While both xylose and wheat straw were equally effective 
for producing p-xylosidase activity (0.84 and 0.76 III/ml, 
respectively), xylose resulted in early attainment of ma- 
ximum activity (Fig. 1B). An increase in the concentration 
of the carbon sources resulted in decreased xylanase 
production probably due to the catabolite repression. It 
is generally observed that low concentrations and slow me- 
tabolism of inducible compounds give rise to higher rates 
of synthesis of hydrolytic enzymes (22). The slow release 
of hydrolysis products, of inducible nature, from xylans 
and lignocelluloses, therefore, seems to be responsible for 
higher rate of production of xylanases and /-xylosidase on 
these complex polymers. 

Induction of xylanolytic enzymes The washed 
mycelia of M. albomyces were used for the study of the 
inductive effect of various substrates and methyl-@- 
xyloside on biosynthesis of xylanase, $-xylosidase, acetyl 
esterase, a-L-arabinofuranosidase, and a-n-glucuroni- 
dase. The absence of growth conditions for the mycelia 
made it possible to visualize the inducibility of the above 
enzymes and the magnitude of their induction. The time 
profiles of xylanase and p-xylosidase synthesis on beech- 
wood xylan, wheat straw and xylose are shown in Figs. 
2A and 2B, respectively. Wheat straw caused maximum 
induction of both xylanase (lOlOIU/g mycelia) and $- 
xylosidase (9.7OIU/g mycelia) activities (Fig. 2A, B). 
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FIG. 1. (A) Time course of xylanase production by M albomyces 
IIS 68 grown on (A) beechwood xylan-1%. (0) wheat straw-l%, and FIG. 2. (A) Time course of xylanase synthesis by washed mycelia 
(0) xylose-1%. (B) Time course of ,+xylosidase production by M. in the presence of (A) beechwood xylan, (0) wheat straw, and (0) xy- 
albomyces IIS 68 on (A) beechwood xylan-1%, (0) wheat straw-l%, lose. (B) Time course of /3-xylosidase synthesis by washed mycelia in 
and (0) xylose-1%. the presence of (A) beechwood xylan, (0) wheat straw, and (Cl) xylose. 

Xylanase activity was detected in the extracellular 
broth after incubation of M. albomyces with each of the 
inducers tested (Table 2A); however the magnitude of 
induction differed amongst the inducers (Table 2B). Solka 
Floe, despite being cellulosic in nature, induced xylanase 
synthesis probably due to the presence of contaminating 
xylan, as observed by Royer et al. (23) for apparent cellu- 
lase activity in purified xylanase. Avicel cellulose and 
carboxymethyl cellulose (CMC) did not induce xylanase to 
an appreciable extent, as seen from the values of magni- 
tude of induction (Table 2B). For study of effect of cy- 
cloheximide, an inhibitor of cytoplasmic protein synthe- 
sis, on xylanase biosynthesis, A4. albomyces was incu- 
bated with wheat straw and cycloheximide. The absence 
of xylanase activity confirmed that the xylanases of M. 
albomyces are synthesized in enzymatically active form 
and not in any proenzyme form (data not shown). 

M. albomyces also synthesized p-xylosidase on all the 
tested carbon sources and methyl+xyloside. Among 
the monosaccharides, arabinose and xylose induced the 

16 24 

Time(h) 

0 8 16 24 32 
Time (h) 

enzyme. Xylose has been reported to be an inducer of 
/3-xylosidase by others as well (24). Glucose, xylitol and 
CMC weakly inhibited /3-xylosidase synthesis (Table 2B). 
Methyl-j-xyloside induced both xylanase and j-xylosi- 
dase. The induction of the enzymes by methyl+xyloside 
was concentration dependent (Table 2B) as reported by 
Biely et al. (25). In terms of the induction magnitude, 
the best inducer for xylanase and p-xylosidase synthesis 
in M. albomyces was wheat straw. The difference in the 
inductive effect of lignocelluloses and xylans (Table 2B) 
has been observed in many organisms (26, 27). The in- 
ductive effect of complex substrates largely depends on 
their chemical composition and structure. The combina- 
tion of these factors determines the nature of low 
molecular weight fragments, that are released from the 
substrate by the basal level of constitutive xylanase(s). 
The inductive effect of these compounds depends on 
duration of their presence in the microorganism and their 
conversion into different positional isomers by trans- 
glycosylation. The inductive effects of various positional 
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TABLE 2. (A) Effect of carbon sources and methyl+xyloside on the biosynthesis of xylanolytic enzymes by washed mycelia of M. albomyces 

Inducer Concentration 
(% w/v) Xylanase 

Specific activity (IU/g mycelia) 
,9-Xylosidase Acetyl esterase Arabinofuranosidase Glucuronidase 

Monosaccharides 
Arabinose 
Glucose 
Xylitol 
Xylose 

Polysaccharides 
Xylan-beechwood 
Xylan-birchwood 
Xylan-larchwood 
Xylan-oat spelt 
Avicel celluiose 
Carboxymethyl cellulose 
Solka Floe 

Lignocelluloses 
Bagasse 
Corn cobs 
Peanut shells 
Wheat straw 

Substrate analogue 
Me+xyloside 

39.50 1.46 2.90 9.45 ND 
28.20 0.36 2.68 0.93 ND 
2.60 0.31 2.02 ND ND 

56.00 3.20 3.61 2.18 ND 

272.00 7.00 4.34 3.34 4.10 
282.00 7.05 3.50 4.06 5.18 

78.50 5.10 4.93 5.25 3.61 
85.50 4.80 5.27 4.81 2.97 
26.00 0.50 2.84 ND ND 

8.32 0.38 2.08 ND ND 
220.00 3.06 2.00 0.68 0.39 

0.2 
0.2 
0.2 
0.2 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

0.5 87.00 1.60 5.20 1.90 0.60 
0.5 600.00 4.40 10.25 3.10 1.80 
0.5 93.50 1.26 4.00 1.81 1.20 
0.5 1010.00 9.70 12.90 6.44 4.08 

0.02 2.25 1.75 2.16 ND ND 
0.05 8.62 3.40 2.50 ND ND 
0.08 10.24 3.85 2.35 ND ND 
0.16 11.78 3.95 2.30 ND ND 

- 0.95 0.45 2.00 ND ND 
Blank8 

None 

B Enzyme activities determined in the absence of inducer were taken as basal levels of enzyme activities. 
ND, Not detected. 

(B) Magnitude of induction of xylanase, ,9-xylosidase and acetyl esterase in M. albomyces 

Inducer Concentration Magnitude of induction” 
(% w/v) Xylanase p-Xylosidase Acetyl esterase - 

Monosaccharides 
Arabinose 
Glucose 
Xylitol 
Xylose 

Polysaccharides 
Xylan-beechwood 
Xylan-birchwood 
Xylan-larchwood 
Xylan-oat spelt 
Avicel cellulose 
Carboxymethyl cellulose 
Solka Floe 

Lignocelluloses 
Bagasse 
Corn cobs 
Peanut shells 
Wheat straw 

Substrate analogue 
Me-/?-xyloside 

0.2 41.58 3.24 1.45 
0.2 29.68 0.80 1.34 
0.2 2.74 0.69 1.01 
0.2 58.98 7.11 1.80 

0.5 286.31 15.55 2.17 
0.5 296.84 15.67 1.75 
0.5 82.63 11.33 2.46 
0.5 90.00 10.67 2.63 
0.5 27.37 1.11 1.42 
0.5 8.76 0.84 1.04 
0.5 231.58 6.80 1.00 

0.5 91.58 3.55 2.60 
0.5 631.58 9.78 5.12 
0.5 98.42 2.80 2.00 
0.5 1063.15 21.55 6.45 

0.02 2.37 3.89 1.08 
0.05 9.07 7.55 1.25 
0.08 10.78 8.55 1.15 
0.16 12.40 8.78 1.15 

a Magnitude of induction = 
Sp. activity (IUg-1 mycelia) in the presence of inducer 
Sp. activity (IUg-I mycelia) in the absence of inducer 

isomers of xylobiose and xylotriose and hetero di- and 
tri-saccharides have been reported for xylanase by Pou- 
Llinas and Driguez (28) and by Biely and Petrakova 
(29). So an interplay of these factors seems to be respon- 
sible for the varying extents of induction of xylanase 
and B-xylosidase on these complex substrates. 

The results presented in Table 2A indicate that all 
three of the xylan debranching enzymes, namely, acetyl 

esterase, cu-L-arabinofuranosidase and a-D-glucuronidase, 
were inducible. The best carbon sources for acetyl es- 
terase, a-L-arabinofuranosidase and a-D-glucuronidase 
were wheat straw, arabinose and birchwood xylan, 
respectively. The more pronounced effect of lignocellu- 
loses, in general, on the induction magnitude of acetyl es- 
terase compared to xylan could be due to the release of 
acetylated fragments from these substrates [in commer- 
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Xylanase (4 Mr markers 
isoenzymes 1 2 3L 5 6 

68,000 

Ilc _ 
IId - 
II0 
IIb - 

Is - 
Ic - 

0% 
Xylanase 2 7 8 9 10 11 12 
isoenzymes 

FIG. 3. (A) & (B) SDS-PAGE of xylanase isoenzymes synthesized 
by M. albomyces on various inducers. The bands in lanes 1, 3, 5, I, 9 
and 11 represent protein staining by CBB-R250 and the bands in lanes 
2, 4, 6, 8, 10 and 12 represent activity bands of xylanase isoenzymes. 
Inducers used: wheat straw (lanes, 1, 2), corn cobs (lanes 3, 4), 
beechwood xylan (lanes 5, 6), glucose (lanes 7, 8), Avicel cellulose 
(lanes 9, lo), and larchwood xylan (lanes 11,12). Thirty micrograms of 
protein was loaded to each lane. The position of the seven xylanase 
isoenzymes (Ia, Ib, Ic, IIa, IIb, IIc and IId) corresponds to the position 
of xylanase activity bands of lane 2. The right most column indicates 
the position of standard molecular weight markers. 

cial xylans, acetyl groups are lost during extraction (5)]. 
cw-DGlucuronidase was induced by xylans, Solka Floe 
and lignocelluloses but not by any of the monosaccha- 
rides tested (Table 2A). 

Specificity of xylanase induction Xylanases are 
known to be synthesized in various isoenzymic forms in 
several organisms. The supernatant of a culture of A4. al- 
bomyces was subjected to SDS-PAGE and xylanase activ- 
ity staining (Fig. 3). It should be mentioned that the 
xylanases (all of the detected xylanases of M. albomyces 
were found to be monomeric proteins) were renatured 
by isopropyl alcohol after their separation by SDS- 
PAGE (see Materials and Methods). The number of xy- 
lanase activity bands visualized on agar-Remozol Brilli- 
ant Blue-xylan gel indicated the effects of the various in- 
ducers on the synthesis of various isoenzymes (Table 3). 
One xylanase isoenzyme, namely Ic, was detected in the 
extracellular broth obtained after incubating the mycelia 
of M. albomyces with all the inducers tested. Wheat 
straw induced a maximum number (seven) of xylanase 
isoenzymes namely, Ia (Mr 22,900), Ib (Mr 20,650), Ic 
(M, 18,600), IIa (&fr 31,300), IIb (MI 25,400), IIc (M, 
38,500) and IId (MT 34,300) (Fig. 3) (The details of their 
purification and characterization will be published sepa- 
rately). In contrast, only one xylanase isoenzyme (Ic) 
was detected in the extracellular broth obtained after 
incubating the mycelia of M. albomyces with Avicel 

TABLE 3. Effect of various carbon sources on induction of 
xylanase isoenzymes 

Inducer 
Induced xylanase isoenzyme 

Ia Ib Ic IIa IIb IIC IId 

Monosaccharides 
Arabinose 
Glucose 
Xylitol 
Xylose 

Polysaccharides 
Xylan-beechwood 
Xylan-birchwood 
Xylan-larchwood 
Xylan-oat spelt 
Avicel cellulose 
Solka Floe 

Lignocelluloses 
Bagasse 
Corn cobs 
Peanut shells 
Wheat straw 

Substrate analogue 
Me-,%xyloside 
Blank 

_ +a + ~ - _ _ 

- + _ - _ _ 

~ + _ _ ~ _ 

~ +a + _ - _ _ 

- i+ - + - - 
- tt - + - ~ 
_ + _ _ _ _ 
_ + _ _ ~ _ 
- + - - _ ~ 
- +b _ _ _ _ 

- + ~ + - ~ 
f-H--_-- 

- Lt - P - ~ 
+++Ct++++ 

_ # _ _ ~ _ 
- +/- _ - _ _ 

a Tentatively assigned Ib. 
Band intensities: tt, very strong; + , fairly strong; +/- , faint 

band; - , activity band not detected. 

cellulose, larchwood xylan, glucose (Table 3 and Fig. 3), 
xylitol, oat spelt xylan, Solka Floe and methyl+xyloside 
(Table 3). The same xylanase isoenzyme, Ic, was detect- 
ed in an inducer-free suspension of mycelia of M. albo- 
myces (Table 3). These observations and the wide vari- 
ations observed in the level of xylanase synthesized by 
M. albomyces in presence of these substrates (Table 2B) 
reflect the partially constitutive nature of the xylanase 
isoenzyme Ic; clearly the biosynthesis of xylanase Ic is 
regulated in a manner which is different from those for 
other xylanase isoenzymes of M. albomyces. The heter- 
ogeneous nature and structural complexity of the sub- 
strates could be the two most important reasons for the 
xylanase multiplicity (30). Moreover, glucuronosyl and 
acetyl substituents of carbon sources have been reported 
to promote the biosynthesis of multiple xylanases (3). 
Amongst the lignocellulosic substrates used, M. albo- 
myces synthesized two xylanase isoenzymes (Ic and IIb) 
on bagasse and peanut shells, three isoenzymes (Ia, Ic 
and IIb) on corn cobs and all the seven isoenzymes on 
wheat straw. The lower level of xylanase induction on 
bagasse and peanut shells than on corn cobs and wheat 
straw (Table 2B) was probably due to induction of fewer 
xylanase isoenzymes on these lignocelluloses. 

The induction of the maximum number of isoenzymes 
on wheat straw and the fact that xylanases act synergisti- 
cally to bring about hydrolysis of xylans probably ex- 
plain why the highest xylanase activity was obtained on 
this lignocellulosic substrate. 
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