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ABSTRACT

Regulation of xylanase production in two thermophilic fungi Scytalidium thermophilum and Sporotrichum
thermophile was investigated. The expression of xylanase was found to be inducible in both the cases. Various
carbon sources were tested so as to identify the inducers. Soy flour and oat spelt xylan induced maximum level of
xylanase in Scytalidium thermophilum and Sporotrichum thermophile respectively. Induction of xylanase in
Scytalidium thermophilum led to simultaneous induction of cellulase. The zymography of enzyme preparations
revealed that different carbon sources caused differential expression of multiple isoforms of xylanase in Scytalidium
thermophilum, but same isoforms were expressed by Sporotrichum thermophile irrespective of the carbon source
used.

Key words: Induction, isoformsXylanase, biobleaching

INTRODUCTION byssochlamydoides (Hayashida et al. 1988),
Humicola insolens (syn. Scytalidium
Xylan is the principle type of hemicellulose. Itas thermophilum)  (Dusterhoft et al. 1997)
heterogeneous polysaccharide consisting of @haetomium thermophile (Ganju et al. 1989),
homopolymeric backbone of 1,4-link@D- Myceliophthora sp (Badhan et al. 2004) are
xylopyranose units and short chain branchespecially known tgroduce multiple xylanases.
including O-acetyl, o-L-arabinofuranosyl,a-D-  Xylanases (in general all endoglycanases) act
glucuronyl residues (Whistler and Richards 1970)against large polysaccharides. Because of their
Xylan originating from different plant sources size, polysaccharides cannot pass through the cell
show differences in xylan branching andmembrane to trigger the response for the synthesis
composition (Badhan et al. 2004). Cooperative®df xylanases. However it is believed that low
action of multiple xylanases is required for xylanmolecular-mass soluble catabolites are released
hydrolysis. These xylanases, therefore, havéfom the action of low, constitutive amounts of
overlapping yet different specificities (Dekker andhydrolases on xylan polymers. These catabolites
Richards 1976). The main activities involved inenter the cell and signal to stimulate the synthesi
xylan hydrolysis are 1,8-xylanase andp- of the respective enzymes (Sachslehner et al.
xylosidase (Polizeli et al. 2005). Presence ol998). Thus, the xylanases can be quite
multiple forms of xylanases is reported in severaspecifically induced.
microorganisms.  Thermophilic  fungi  viz. Xylanases have attracted considerable research
Melanocarpus albomyces, Talaromyces  interest because of their potential applicatiothi
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biobleaching of pulp (Kuhad and Singh 1993)extract 4.0; KHPQ, 2.0; KHPO, 1.5;
Viikari et al. (1986) first reported that MgSG,.7H,0, 0.5, adjusted to pH 7.0. These were
incorporation of xylanases for bleaching of kraftmaintained at 4 °C and sub-cultured at monthly
pulp decreases the use of chlorine for bleachinigtervals.
thereby reducing the hazardous effluent of pulpnoculum was prepared by seeding two pieces of
and paper industry. Pulping and bleaching arapproximately 1.0 cfof mycelial mat from the
performed at high temperatures. Hence, the papactively growing part of stock cultures into 500 ml
industries need xylanases that are thermostablelenmeyer flasks containing 100 ml glucose/urea
(Srinivasan and Rele 1999). Xylanases are mostlyasal medium of following composition (g/l):
contaminated with cellulases, which destroy th@lucose, 10; yeast extract, 10; KD, 6.0;
structure of cellulose and diminish pulp quality.K,HPQ,, 0.4; MgSQ-7H0, 0.5; urea, 0.5. For
For this reason pulp and paper industries requirgcytalidium thermophilum pH was kept at 9.0
cellulase-free  xylanases. If xylanases andvhile for Sporotrichum thermophile pH was
cellulases can be induced differentially it maydlea adjusted to 7.0. Inoculums were grown at 45 °C
a simple approach for cellulase free xylanaséor 72 h. Sporotrichum thermophile was grown
production. with shaking at 150 rpm whereas farytalidium
Keeping all these facts in mind xylanasethermophilum static conditions were maintained.
production in two different thermophilic fungi
Scytalidium  thermophilum  and  Sporotrichum  Induction and repression
thermophile was studied. The inducing or The induction of xylanase inScytalidium
repressing effects of various easily metabolizabléhermophilum and Sporotrichum thermophile was
monosaccharides, polysaccharides andtudied by growing cultures in basal medium
lignocelluloses on xylanase production werdgdiscussed above) wherein glucose is replaced by
evaluated and multiplicity in xylanases wasl% (w/v) monosaccharides (fructose, galactose,
identified. The production of cellulase wasand xylose) or polysaccharides (xylan, CM-
examined simultaneously. cellulose, avicel) or lignocelluloses (wheat straw,
rice straw) or soy flour as carbon source. The
synergistic effect of different substrates (1%, w/v

MATERIALSAND METHODS or v/v) glucose, fructose, sucrose, cellobiose,
sorbitol, mannitol, glycerol or ethanol in
Materials combination with inducer soy flour (1%, w/v) in

The culture media ingredients were procured frongase ofScytalidium thermophilum and xylan (1%,
Hi Media Laboratories (Mumbailndia). Xylan w/v) in Sporotrichum thermophile was studied in
(from oat spelt) was purchased from Sigmé&asal medium containing all the components
Chemicals (St. Louis, USA). All other chemicalsexcept glucose. The 500 ml Erlenmeyer flasks
used were of analytical grade. CM cellulose wasontaining 100 ml media were seeded with 49,

purchased from CDH (P) Ltd. (Delhi, India). 72 h grown inoculum of Scytalidium
thermophilum and Sporotrichum thermophile and
Cultureand growth medium incubated a#5 °C The samples were withdrawn

Scytalidium thermophilum was provided by Dr. at 24 h interval, centrifuged at 10,000 rpm for 10
Lata, Division of Microbiology, IARI, New Delhi, min (Sigma 2-16 K, Germany) and supernatant
India; whereasporotrichum thermophilum was a was assayed for xylanase and cellulase activity.
kind gift from Prof. T. Satyanarayana, Department

of Microbiology, University of Delhi South Enzymeassays

Campus, New Delhi, India. Xylanase activity was determined using oat-spelt
Scytalidium  thermophilum  and  Sporotrichum ~ Xylan as substrate (Bailey et al. 1992). The
thermophile were maintained on PDA and resultant reducing sugars were estimated by
Emerson’s YpSs agar respective|y_ Fo[dinitrosalicy”C acid (DNSA) method (Mlller
Scytalidium thermophilum the pH of the PDA 1959).

media was adjusted to 9.0. The composition ofellulase (End$-1,4-D-glucanase) activity was

YpSs agar was (g/l), soluble starch 15.0; yeagtetermined in accordance with International Union
of Pure and Applied Chemistry (Ghosh 1987).
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One unit of enzyme activity is defined as theRESULTS
amount of enzyme required to produce 1 pmol
reducing sugar (measured as xylose/glucose) pefoduction of xylanase from Scytalidium
minute under assay conditions. thermophilum and Sporotrichum thermophile
Two known xylanase producerscytalidium
Poly-acrylamide gel  electrophoresis and  thermophilum andSporotrichum thermophile were
zymography used in this study. These produced maximum 0.24
The zymography for the xylanase activity wasu/ml and 0.12 U/ml xylanase respectively in
carried out according to the method ofglucose basal media (Table 1).
Ratanakhanokchai et al. (1999). The culture wasffect of various easily metabolizable
centrifuged (10,000xg) for 10 min and supernatanihonosaccharides, polysaccharides, lignocelluloses
was taken for PAGE analysis. Culture supernatarind protein rich soy flour was checked on
containing 20ug protein was subjected to SDS-xylanase production.
PAGE gel containing 0.1% xylan. The Xylanase activity was the lowest when cultures
electrophoresis was done according to the methagere grown in presence of 1% (w/v) easily
of Laemmli (1970). Electrophoresed gel wasmetabolizable monosaccharides i.e. glucose,
soaked in 25% (v/v) isopropanol with gentlefructose, galactose and xylose in both the cases
shaking to remove the SDS and renature theignocelluloses moderately enhanced xylanase
proteins in the gel. It was then washed four timeproduction inSporotrichum thermophile whereas
for 30 min at 4 °C in sodium phosphate buffer (0.kylan induced it maximally. In Scytalidium
M, pH 6.0). After further incubation at 50 °C for thermophilum soy flour and wheat straw enhanced
60 min in the same buffer, the gel was soaked iRylanase production by 98% while it is completely
0.1% Congo red solution for 30 min at roominhibited by xylose.
temperature and washed with 1 M NaCl untilScytalidium thermophilum produced maximum
excess dye was removed from the active band. Thglanase on 12 day of fermentation in presence
gel was submerged in 0.5% acetic acid, thef soy flour (14.4 U/ml) whereaSporotrichum
background turned dark blue and the activitythermophile produced it maximum (1.07 U/mbn
bands were observed as clear colourless areas. 4" day of fermentation in presence of xylan
All the experiments were performed in triplicateHence in subsequent studies soy flour and xylan
and the variation was within +4%. were added in place of glucose in to the basal
media as xylanase inducer foEcytalidium
thermophilum and Sporotrichum thermophile
respectively

Table 1 - Effect of various carbon sources on xylanase prtioin by Scytalidium thermophilum and Sporotrichum
thermophile.

Sporotrichum thermophile Scytalidium thermophilum
Xylanase (U/ml) Xylanase (U/ml)
Monosaccharide
Glucos:t 0.1z 0.24
Fructos: 0.1¢ 0.11
Galactos 0.1z 0.1C
Xylose 0.1z ND
Polysaccharide
CM-Cellulose 1.0¢ 0.8¢
Avicel 0.31 0.57
Xylan 4.2 0.9t
Lignocellulost
Wheat Stray 1.07 12.7¢
Rice Strav 0.58 0.77
Soy Flou 0.3t 14.4¢

ND* not detected
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Regulation of xylanase and cellulasein presence  simultaneously. Sucrose and cellobiose which
of inducer induced xylanase also enhanced cellulase
The production of xylanase inScytalidium  production (18% and 41% respectively).
thermophilum was repressed when glucose andn Sporotrichum thermophile xylan was taken as
fructose were co-supplemented to soy flouinducer, over which addition of 1% (v/v) glycerol
medium (Fig. 1). and ethanol further increased the xylanase
Sorbitol, mannitol, glycerol and ethanol alsoproduction by 28% and 37% respectively (Fig. 2).
negatively influenced the xylanase production irGlucose, fructose, sucrose, cellobiose and sorbitol
Scytalidium thermophilum. Whereas addition of showed negative effect on xylanase production.
1% (w/v) sucrose and cellobiose resulted in 22% he advantage ofporotrichum thermophile was
and 35% increase in xylanase activity respectivelyapparent here, as its xylanase was found to be free
Effect on cellulase level was checkedof cellulase.

25 4

Enzyme activity [Wml)

Confrol  Glucose  Fructose  Sucrcse Cellobioze  Sorbitel  Mannitol  Glyesrol  Ethanal
{soy flour)

Figure 1- Effect of different substrates on xylanase andulzde production byscytalidium
thermophilum in presence of inducer soy flou€ontrol consisted of basal media
(except glucose) and soy flour (1%, w/v). [, xylanase and& ; cellulase.

Nylanase activity (L//ml)
e

Control  Glucose  Fructose Sucrose Cellobiose Sorbitel Mannitol Glycerol Ethanol
(xylan)

Figure 2 - Effect of different substrates on xylanase proidmcby Sporotrichum thermophile in
presence of inducer oat spelt xyl&@ontrol consisted of basal media (except glucose)
and oat spelt xylan (1%, w/v).
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Production profile of xylanase enzyme by
Scytalidium thermophilum and Sporotrichum
thermophile

Time course of xylanase productionSeytalidium
thermophilum and Sporotrichum thermophile was

25

Expression of xylanase isoforms in Scytalidium
thermophilum and Sporotrichum thermophile
Xylanase is reported to exist in many isoforms
(Badhan et al. 2004; Dusterhoft et al. 1997).The
xylanase isoforms were checked by SDS-PAGE

investigated in presence of the substrate along wiand activity staining. The results in Figure 3
inducer. Production profile revealed that in therevealed that in case &tytalidium thermophilum
culture of Scytalidium thermophilum (containing the expression of different xylanase isoforwes
soy flour only) highest level of xylanase (12 U/ml)dependent on the carbon source. Three xylanase
was attained after 12 days which was followed bysoforms (la, Ib and Ic) were detected in the
steady decline. On the I(day of fermentation presence of soy flour (lanel). Only one isoform Ic
maximum Xxylanase was released in the mediurwas obtained when sucrose or glucose was added
containing sucrose (16.24 U/ml) and cellobiosdo the inducer (soy flour) (Lane 2 and 3). The
(19.5 U/ml)) along with soy flour, Addition of expression of more then one isoforms was detected
glucose repressed xylanase production. in case of complex lignocelluloses (Lane 4 and 5).
In case ofSorotrichum thermophile, addition of Xylan and cellobiose also led to expression of only
ethanol and glycerol enhanced the xylanasene isoform (Lane 6 and 7). Wheat straw and rice
production by 37% and 28% respectively.straw induced two isoforms (lane 4 and 5). In
Maximum production was achieved ofi &nd 7  Sporotrichum thermophile different carbohydrates
day of cultivation respectively. Glucose exhibitedpromoted the expression of the same multiple
repressive effect with low level of production. isoforms (la, Ib) of xylanase as evident from the
similar band patterns in zymogram.

la
b

la
Ib

1 2 3 4 5 6 7 1 2 3 4 5 6 7

@) D)

Figure 3- Zymography of extracellular proteins frdsoytalidium thermophilum and Sporotrichum
thermophile. a) Scytalidium thermophilum. Lanes from left to right: (1) soy flour (2) soy
flour and sucrose (3) soy flour and glucose (4) attstraw (5) rice straw (6) xylan (7)
cellobiose. bporotrichum thermophile. (1) xylan (2) xylan and glycerol (3) Xylan and
glucose (4) xylan and ethanol (5) Wheat straw (8eRstraw (7) Soy flour. 2Qg of
protein was applied in each well for the detectibrylanase activity.

DISCUSSION it observed that formation of xylanase and
endoglucanase are inducible in b&ytalidium
Scytalidium thermophilum a deuteromycete, is thermophilum and in Sporotrichum thermophile.
predominant fungal strain in mushroomThis is in agreement with several other fungi that

composting soils. Based on the results of thisystucdhave been investigated with respect to the
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regulation of xylanase biosynthesis (Biely 1993xylanase isoforms in presence of inducer soy flour.
Sachslehner et al. 1993). Expression reduced to only one isoform when
In the present study it was observed that low levajlucose was added to the inducer soy flour.
of xylanase is produced in presence of easilimilar observations on differential expression of
metabolizable carbon sources such as glucoseultiple xylanase isoforms have been reported in
fructose, galactose and xylose. MaximumMyceliophthora sp. (Badhan et al. 2004). This
inducibility of xylanase and cellulase in confirms the differential expression of multiple
Scytalidium thermophilum was achieved by soy xylanase isoforms inScytalidium thermophilum
flour and wheat straw, which can be ascribed tdictated by carbon sources. However in case of
the heterogeneous nature and structural complexig§porotrichum thermophile the same multiple
of the substrate (Morag et al. 1990). On thesoforms of xylanase (la and Ib) are expressed
contrary rice straw did not support xylanasdrrespective of the type of carbon source.
production. Rice straw has a lower hemicellulos&he concomitant production of xylanase and
content which is masked by high silica contentcellulase cannot be regulated in case of
thereby, decreasing the accessibility of xylann(JaiScytalidium thermophilum. But in case of
1995). This might be a reason for low xylanasegorotrichum thermophile xylanase was free of
production in rice straw (1%, w/v) containing cellulase. Xylanases free of cellulases are safe fo
media. Cellobiose induced the synthesis of botthe structure of cellulose and biobleaching by this
xylanase and cellulase. Similar inducing effect wasnzymatic preparation can produce high quality
also observed i terreus and can be explained pulp. Thus xylanase produced frdgorotrichum

by a structural similarity between cellobiose andhermophile can find wide applications in the pulp
xylobiose (Hrmova et al. 1989). IScytalidium and paper industry.

thermophilum synthesis of xylanase and cellulase

occurred concomitantly i.e. there is co-regulation

of xylanase and cellulase synthesis and synthesONCL USIONS

of only one of these enzyme activities could not be

specifically provoked by selecting correspondingBased on the results of this study it was observed
substrate. When glucose was added to the inducgrat formation of xylanase and endoglucanase are
medium (soy flour in basal media fScytalidium  inducible in bothScytalidium thermophilum and in
thermophilum and xylan in basal medium for Sorotrichum thermophile. The concomitant
Sporotrichum thermophile) xylanase production production of xylanase and cellulase cannot be
started only after exhaustion of glucose. Inegulated in case ofcytalidium thermophilum.
Scytalidium  thermophilum it reached to the But in case oforotrichum thermophile xylanase
significant level after 16 days. This is similar towas free of cellulase. Xylanases free of cellulases
the results obtained by Sachslehner (1998) whesre safe for the structure of cellulose and
significant mannanase formation commenced onlgiobleaching by this enzymatic preparation can
when glucose was exhausted from the medium. produce high quality pulp. Thus xylanase
In case of Sorotrichum thermophile xylan  produced fronSporotrichum thermophile can find
induced maximum xylanase. Addition of glycerolwide applications in the pulp and paper industry.
and ethanol to the xylan containing basal medium

enhanced the xylanase production to appreciablgCKNOWLEDGEMENT
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