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Abstract Alkalophilic Cellulosimicrobium cellulans

CKMX1 isolated from mushroom compost is first report on

actinomycetes that has the ability to produce thermostable

cellulase-free xylanase, which is an important industrial

enzyme used in the pulp and paper industry. Strain

CKMX1 was characterized by metabolic fingerprinting,

whole-cell fatty acids methyl ester analysis and 16Sr DNA

and found to be C. cellulans CKMX1.The enzyme was

purified by gel permeation and anion exchange chroma-

tography and had a molecular mass of 29 kDa. Xylanase

activity was optimum at pH 8.0 and 55 �C. The enzyme

was somewhat thermostable, retaining 50 % of the original

activity after incubation at 50 �C for 30 min. The xylanase

had Km and Vmax values of 2.64 mg/ml and 2,000 lmol/

min/mg protein in oat spelt xylan, respectively. All metal

ions except HgCl2, CoCl2 as well as CdCl2 were well

tolerated and did not adversely affect xylanase activity.

The deduced internal amino acid sequence of C. cellulans

CKMX1 xylanase by matrix assisted laser desorption ion-

ization-time of flight mass spectrometry resembled the

sequence of b-1,4-endoxylanase, which is a member of

glycoside hydrolase family 11. Some of the novel charac-

teristics that make this enzyme potentially effective in

xylan biodegradation could be useful for pulp and paper

biobleaching are discussed in this manuscript.

Keywords Cellulase-free xylanase � Cellulosimicrobium

cellulans CKMX1 � Gel permeation chromatography �
Anion exchange chromatography � SDS-PAGE �
Zymogram � MALDI-TOF–MS

Introduction

Cellulose and hemicelluloses are the two major compo-

nents of lignocelluloses generated by photosynthesis.

Xylan, composed of a linear backbone of 1,4-b-linked D-

xylose units, is the major component of hemicellulose

(Wong et al. 1988). Endo-xylanase (endo-1,4-b-xylanase,

EC 3.2.1.8) and b -xylosidase (xylan-1,4-b-xylosidase, EC

3.2.1.37) are the two key enzymes (collectively xylanases)

responsible for the hydrolysis of xylan. Endo-xylanase act

on homopolymeric back bone of 1,4-linked b-D-xylopyra-

nose producing xylooligomers (Collins et al. 2005), while

b-xylanosidases act on these xylooligomers releasing

xylose (Knob et al. 2010). However, a complete degrada-

tion requires the synergistic action of acetyl esterase to

remove the acetyl substituents from the b-1,4-linked D-

xylose backbone of xylan (Subramaniyan and Prema

2002).

Xylanase has great potential as a starting material for the

production of useful end products such as xylooligosaccharides
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(XOs) (van Zyl et al. 2001). Xylanase and microorganisms that

produce them have wide biotechnological and industrial

applications. They are used in the management of waste, to

degrade xylan to renewable fuels, production of bulk chemi-

cals, enzymatic treatment of animal feeds to release pentose

sugars, as food additives in baking industry, clarification of

juices and ingredients in laundry detergents or fabric care

compositions (Wong et al. 1988; Collins et al. 2002). One of the

most important biotechnological applications of xylanase is its

use in pulp bleaching primarily to reduce lignin and increase the

brightness of the pulp (Viikari et al. 1994).

Also, not just only alkali and thermal-stable xylanases

are ‘‘useful’’; more and more studies focused on the cold-

active enzymes. There is enduring need for a broad range

of novel enzymes and biocatalysts which are required for

various industrial and biotechnological applications. The

cold environments are extremely diverse in nature with

fluctuation in temperature, radiation and pressure. These

environments present largely ‘‘untapped’’ bioresource and

the microorganisms flourishing, there have great potential

for isolation of new and novel enzymes (Chen et al. 2000,

2013).

So far, several xylanases have been isolated from dif-

ferent microorganisms, including bacteria (actinomycetes,

eubacteria, and archaea), fungi, and yeasts (Shi et al. 2011;

Walia et al. 2012a, b). Various xylan-degrading thermo-

tolerant actinomycetes, such as Cellulosimicrobium (Kim

et al. 2012), Actinomadura (Sriyapai et al. 2011), No-

nomuraea (Leskinen et al. 2005), Microtetraspora (Berens

et al. 1996), Streptomyces (Zhou et al. 2010) and Ther-

momonospora (George et al. 2001) have been purified and

characterized. Some researchers seem, however, to have

paid special attention to xylanases from actinomycetes

origins particularly because of the promising potential they

offer for a wide range of biotechnological applications

particularly in the pulp and paper industry (Beg et al.

2000). In fact, in order for a xylanase to achieve actual

industrial application, it should ideally fulfil a number of

specific requirements that are highly desired in the mar-

ketplace. Some of these characteristics that pertain to

operational standards, such as alkaline pH, high thermo-

stability, high specific activity, and strong resistance to

metal cations and chemicals. Other specifications relate to

cellulase-free xylanase, cost-effectiveness, eco-friendliness

and ease of use.

There have been reports since 1982 regarding the puri-

fication of xylanases from various microorganisms (Li

et al. 2010; Mamo et al. 2006; Bataillon et al. 2000).

However, the purification and characterization of xylanase

from Cellulosimicrobium sp. requires special consideration

due to its growing need in various industries. Despite the

large flow of data on xylanases, however, only a few

reports have so far dealt with the isolation of xylanases

from Cellulosimicrobium sp. A few studies report on the

purification and characterization of xylanases from Cellu-

losimicrobium cellulans (Kim et al. 2012). This is due to

their limited potential for industrial application, since the

xylanases previously purified from Cellulosimicrobium sp.

had poor enzyme stability and catalytic activity. Low

molecular mass and thermostable xylanases are of indus-

trial importance because they can better diffuse into the

biomass structure or fibrous pulp and can thus efficiently

hydrolyzed xylan in biomass hydrolysis or pulp bleaching.

The present study focuses on the purification to homoge-

neity and biochemical characterization of alkaline cellu-

lase-free xylanase produced by the bacterium C. cellulans

CKMX1 isolated from mushroom compost.

Materials and methods

Strain isolation

Alkalophilic C. cellulans CKMX1 was isolated from

mushroom compost taken from Directorate of Mushroom

Research, Solan. Xylan degrading bacteria were isolated by

the enrichment technique. The most predominant bacterial

colonies capable of good growth on basal salt medium

(BSM) with the following composition (g/l): Na2HPO4,

6.0; KH2PO4, 3.0; NaCl, 0.5; NH4Cl, 1.0, 1 M MgSO4

(2 ml) and 1 M CaCl2 (0.1 ml) were picked and purified.

An isolate yielding a clear hydrolysis zone on BSM con-

taining 0.5 % xylan by Congo red plate assay. The bacte-

rial culture was grown and maintained in BSM, pH 8.0,

containing 0.5 % xylan. The bacterial culture was main-

tained in 30 % glycerol at -20 �C.

Morphological characterization

Morphological characteristics of isolates including colony

morphology, Gram’s reaction, cell shape, presence of

spores were investigated (Sneath 1994).

Metabolic fingerprinting

Metabolic fingerprinting was done by using Bergey’s

mannual of systematic bacteriology (Sneath 1994) and

commercial kits i.e. KB009 Hi carbohydrateTM kit

(HiMedia,India).

Whole-cell fatty acids methyl ester (FAME) analysis

The isolates were identified based on whole-cell fatty acids,

derivatized to methyl esters, and analyzed by gas chro-

matography using the Sherlock Microbial Identification

System (MIS-MIDI, USA). The FAME profiles were
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compared with the TSBA50 aerobe library general system

software v5.0. Qualitative and quantitative differences in

the fatty acid profiles were used to compute the distance for

each strain relative to the strains in the library (Sasser

1990; Sasser and Wichman 1991). FAME analysis was

performed at Institute of Microbial Technology (IM-

TECH), Chandigarh. India.

Molecular taxonomic characterization

Bacterial isolate was grown in nutrient broth at 35 �C

overnight. Bacterial cells were harvested by centrifugation

at 5,0009g for 5 min and DNA was isolated from these

bacterial cells by using Real genomic DNA extraction kit

(Taiwan). The isolated DNA was finally suspended in

100 ll of elution buffer and quantified on 1 % agarose gel.

The total genomic DNA was kept at -20 �C before use

(Sambrook and Russel 2001).

Species level identification of strain was conducted by

16S rDNA sequence comparison. PCR reaction was carried

out in 20 ll reaction containing *50 ng of template DNA,

20 pmol of each primer fC1 (50-GCAAGTCGAGCGGA

CAGATGGGAGC-30) and reverse primer rC2 (50-AACTC

TCGTGGTGTGACGGGCGGTG-30), 0.2 mM dNTPs and

1 U Taq polymerase (Genei Bangalore) in 19 PCR buffer.

Reaction were cycled 35 times as 94 �C for 30 s, 58 �C for

30 s, 72 �C for 1 min 30 s followed by final extension at

72 �C for 10 min. The PCR products were analyzed on

1 % agarose gel in 19 TAE buffer, run at 100 V for 1 h.

Gels were stained with ethidium bromide and photo-

graphed. Amplified PCR products were eluted from the gel

using gel extraction kit (Real genomic (Hi Yield TM Gel/

PCR DNA Extraction Kit), eluted fragment was then

sequenced (Xcleris, India) using PCR primers.

Sequence analysis

The sequence was aligned with corresponding sequences of

16S rDNA from the database using BLAST (Altschul et al.

1997). Multiple alignments were generated by the

MULTALIN program (Corpet 1988). Phylogenetic tree

was constructed with the help of ClustalW (Higgins et al.

1994) Tree was viewed with the help of TreeView (Page

1996).

Protein determination

The concentration of protein in culture supernatant was

estimated using the Lowry’s method of protein estimation

with bovine serum albumin as a standard.

Enzyme activity assay

Xylanase activity was assayed using 1 % oat spelt xylan

(Sigma, St, Louis, MO) in 0.2 M Tris–HCl buffer (pH 8.0)

The reaction mixture contained 0.5 ml 1 % oat spelt xylan in

Tris–HCl buffer (0.2 M, pH 8.0) and 0.5 ml diluted enzyme. It

was incubated at 50 �C for 5 min in a water bath with occa-

sional shaking. The release of reducing sugars was determined

using the 3,5-dinitrosalicylic acid (DNSA) method with a

xylose standard curve according to the colorimetric method of

Miller (1959). After incubation, 3 ml DNSA reagent was

added into the test tubes, which stopped the enzymatic reac-

tion. The tubes were immersed in boiling water bath and

removed after 15 min when colour development was com-

pleted. Tubes were cooled to room temperature. The contents

were transferred to a 25 ml volumetric flask and final volume

made up to 25 ml with distilled water. Optical density was

read at 540 nm in a Spectronic-20 by using appropriate blank.

One unit (IU) of enzyme activity was defined as the amount of

enzyme required to liberate 1 lmol reducing sugars per min-

ute per ml under given assay conditions. Xylanase activity is

expressed as U/g dry bacterial pomace (DBP).

Enzyme preparation

Solid state fermentation was carried out in Erlenmeyer flasks

(250 ml) containing 10 g substrate (apple pomace) and

25 ml mineral salt solution (BSM) at pH 8.0 were autoclaved

at 15 psi pressure for 20 min, cooled and inoculated with

2 ml bacterial suspension (OD 1.0 at 540 nm). After mixing,

the flasks were incubated at 35 �C for 3 days. After 72 h, the

flasks were taken out and the contents were extracted with

50 ml sterilized buffer (0.2 M, pH 8.0, Tris HCl). The flasks

were kept in shaker for half an hour to ensure thorough

mixing of apple pomace with the buffer. The culture super-

natant was obtained following centrifugation at 10,000 rpm

for 20 min at 4 �C. Ammonium sulphate was added to the

supernatant to 80 % saturation. The mixture was left over-

night and then the precipitate was recovered by centrifuga-

tion at 10,000 g for 20 min at 4 �C. The precipitate was

dissolved in 50 mM phosphate buffer (pH 8.0) and dialysed

against the same buffer for 48 h. Dialysis was performed

using tubing cellulose membrane with a molecular weight

cut off of 10–15 kDa (Sigma). The dialysed fraction was the

crude enzyme extract used for further purification.

Purification of xylanase

All purification steps were performed at 4 �C. The crude

enzyme extract was purified using gel filtration chromatog-

raphy and ion exchange chromatography. For gel filtration

chromatography, the crude enzyme solution was applied to

Sephadex G-100 column (2.0 9 30 cm) (Genei Bangalore).
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The enzyme was eluted with 20 mM Tris–HCl buffer (pH

8.0) at a flow rate of 0.5 ml/min and 2 ml fractions were

collected. The active fractions from the column that exhib-

ited xylanase activity were pooled and concentrated using a

Millipore Ultrafiltration with molecular weight cut off at

10 kDa (Millipore, Billerica, USA). The concentrate was

then dialysed against 50 mM Tris–HCl buffer (pH 8.0) with

five changes and further purified by anion exchange chro-

matography. The enzyme solution was applied to DEAE-

Cellulose column (1.0 9 15 cm) equilibrated with elution

buffer (20 mM Tris HCl, pH 8.0; 0.05 M NaCl). Elution was

performed with a linear gradient of 0.1–0.5 M NaCl in a

same buffer at a flow rate of 0.2 ml/min. The purified sam-

ples were collected in a collection tube. Fractions exhibiting

xylanase activity were pooled and concentrated using an

Millipore Ultrafiltration with molecular weight cut off at

10 kDa were used as described later.

SDS-PAGE and zymogram analysis

The molecular mass of the purified xylanase was estimated by

SDS-PAGE, which was performed using 12 % polyacrylamide

gel by the method described by Matsuoka et al. (2007).

Zymogram analysis was performed using 0.1 % oat-spelt xylan

(w/v) incorporated into the polyacrylamide during gel prepa-

ration. Following sodium dodecyl sulphate polyacrylamide gel

electrophoresis (SDS-PAGE), gels were washed four times for

30 min at 4 �C in renaturation buffer (100 mM KH2PO4/

NaOH, pH 7.0). The first two washes contained 25 % (v/v)

isopropanol. Clearing zones that correspond to regions of

enzyme activity were visualised using 0.5 % (w/v) Congo red.

The xylanase band was revealed against the dark background

by treatment with 0.5 % acetic acid solution.

Characterization of xylanase

Temperature optimum and thermal stability

The optimum temperature of the purified xylanase of C.

cellulans CKMX1 was determined in 0.2 M Tris–HCl

buffer, pH 8.0 by varying reaction temperature from 35 to

70 �C. The thermal stability was also assessed at 50–60 �C

for 0–3 h in 0.1 M Tris- HCl buffer, pH 8.0 and activity

was measured after an interval of 10 min.

pH optimum

The optimum pH of the purified xylanase of C. cellulans

CKMX1 was determined by incubating the purified

enzyme for 1 h at 35 �C in the following buffer (0.1 M):

citrate phosphate buffer (pH 4.0–5.0), potassium phosphate

buffer (pH 6.0–7.0) and Tris–HCl buffer (pH 8.0–10.0) and

enzyme activity was assayed.

Effect of metallic ions and enzyme inhibitors on xylanase

activity

The influence of metal ions and enzyme inhibitors on xy-

lanase activity was investigated under the standard assay

conditions. The purified xylanase was incubated in the pre-

sence of 1 mM solution of metallic ions (MnSO4, ZnSO4,

NaCl, MnCl2, CoCl2, CdCl2, CaCl2, HgCl2 and inhibitors

(EDTA, DTT, 2-mercaptoethanol) for 1 h at room temper-

ature (25 ± 2 �C) and the activity of purified xylanase was

investigated. The activity was expressed as a percentage of

the activity level in the presence of metallic ions or inhibi-

tors. Xylanase activity measured in the absence of any

compound was taken as control (100 %). Residual activity

was measured using the enzyme assay described above.

Substrate specificity and kinetic measurements

The kinetic parameters (Km and Vmax) of the purified xy-

lanase was deduced by determining initial reaction velocity

of the enzyme at various concentration of substrate

(1–20 mg/ml) and then plotting 1/[S] versus 1/[V] in Li-

neweaver–Burk plot.

Determination of internal amino acid sequence of xylanase

by MALDI-TOF MS

The internal amino acid sequence of xylanase was deter-

mined by subjecting the digested mixture of peptides to an

enzyme i.e. trypsin to matrix assisted laser desorption

ionization-time of flight mass spectrometry (MALDI-TOF

MS) analysis for peptide mass fingerprinting and protein

sequencing of the digestion products by mass spectrometry

using Bruker Ultraflex MALDI-TOF MS and a MALDI-

spectrum was obtained (Zhang et al. 2001). The mass-to-

charge ratio of the resulting peptides gave information to

identify the proteins in the sample. This was done by using

the matrix-assisted laser desorption ionization mass spec-

trometry (MALDI-MS) procedure. The experimentally

obtained mass-to-charge values was matched against the-

oretical obtained mass to-charge values data from already

identified protein sequences and a score depending on the

correlation was given. The analysis was performed at

Merck Millipore Bioscience at Bangalore. The data was

analyzed using MASCOT search engine.

Results

Isolate identification

Strain CKMX1 was isolated from mushroom compost and

showed the clear zones on oat-spelt xylan agar plates
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following staining with 1 % Congo red solution, indicating

that it secretes considerable amounts of xylanase. In solid

state fermentation (SSF), strain CKMX1 produced cellu-

lase-free xylanases i.e. CMCase, FPase, avicelase and b-

glucosidase were not detected in the enzyme supernatant

(Data not shown) (Walia et al. 2012b).

Characterization of Cellulosimicrobium cellulans

CKMX1

Phenotypic and metabolic characteristics

of Cellulosimicrobium cellulans CKMX1

The strain CKMX1 was characterized initially according to

morphological, physiological and biochemical character-

istics (Table 1). The isolated colonies on basal salt medium

after 48 h of incubation were cream colour, circular with a

smooth surface, convex elevation, 0.1–0.5 mm in diameter

and entire edged. The morphological characteristics of the

strain were as follows: substrate hyphae were present, the

cells were Gram positive, non-spore forming and non-

motile. Young cultures were composed of straight or

curved rods. The rods occurred singly or in chains.

The physiological and biochemical characteristics of the

isolated strain CKMX1 are given in Table 1. The isolate is

an aerobic, catalase producing strain. Nitrate was reduced

to nitrite and starch was hydrolyzed. The isolate tested

positive for gelatine liquefaction. The strain was positive

for cellulolytic and esculin hydrolysis and could utilize a

wide array of carbohydrates (assessed using a KB009 Hi-

carbohydrateTM Kit (HiMedia, India)), including xylose,

maltose, fructose, dextrose, galactose, trehalose, sucrose, L-

arabinose, mannose, inulin, sodium gluconate, glycerol,

salicin, cellobiose, xylitol, D-arabinose, as sole carbon

source.

FAME analysis

FAME analysis showed the composition of cell-wall fatty

acids of isolate. The fatty acids Iso-C14:0, C14:0, Iso-

C15:0, Anteiso-C15:0, C16:0, Iso-C17:0, Anteiso-C17:0

was present in the isolate (Table 2). The analysis showed

the highest similarity of the isolate with C. cellulans as per

MIDI system (Microbial Identification System, Inc.). Iso-

late exhibited a specific fatty acid composition, making it a

‘‘microbial fingerprint.’’

Table 1 Differential phenotypic and metabolic characteristics of the

C. cellulans CKMX1

Characteristics Cellulosimicrobium cellulans CKMX1

Colony morphology Circular/pale yellow/convex

Gram character Gram ?ve

Pleomorphic ?

Sporulatiing -

Motile -

Substrate hyphae ?

Gelatin liquefaction ?

Starch hydrolysis ?

Catalase ?

Cellulolytic ?

Nitrate reduction ?

Utilization of

Lactose -

Xylose ?

Maltose ?

Fructose ?

Dextrose ?

Galactose ?

Raffinose -

Trehalose ?

Melibiose -

Sucrose ?

L-Arabinose ?

Mannose ?

Inulin ?

Sodium gluconate ?

Glycerol ?

Salicin ?

Dulcitol -

Inositol -

Sorbitol -

Mannitol -

Arabitol -

Erythritol -

a-Methyl-D-glucoside -

Rhamnose -

Cellobiose ?

Melezitose -

a-Methyl-D-mannoside -

Xylitol ?

ONPG -

Esculin hydrolysis ?

D-Arabinose ?

Citrate utilization -

Malonate utilization -

Table 2 Cellular fatty acid

composition of strain CKMX1

Strain CKMX1 is showing sim-

ilarity with C. cellulans as per

MIDI

Fatty acids CKMX1

Iso-C14:0 0.89

C14:0 5.33

Iso-C15:0 17.83

Anteiso-C15:0 48.73

C16:0 10.67

Iso-C17:0 2.45

Anteiso-C17:0 9.33
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Phylogenetic analysis of Cellulosimicrobium cellulans

CKMX1 according to 16Sr DNA sequence

Universal primers were used successfully to amplify 16S

rDNA from bacterial isolate CKMX1, yielding an ampli-

con of the expected size, i.e. *1136 bp. The sequence of

16S rDNA from CKMX1 was then analyzed using

BLASTn analysis (http://www.ncbi.nlm.nih.gov/blast) and

was found to have 97 % homology with several C. cellu-

lans strains reported from different parts of the world. The

16S rDNA sequence of CKMX1 was also compared with

the corresponding sequences of different Cellulosimicro-

bium sp. reported from different parts of the world.

Sequence analysis revealed that CKMX1 belongs to C.

cellulans strain CKMX1 as it showed maximum homology

(97 %) with C. cellulans strain AMP-11 (accession no.

HM104377).

To trace out the evolutionary patterns of the test isolate

and to determine the relationship with other selected

sequences at NCBI, a phylogenetic tree was also con-

structed using the neighbor-joining (J) method of mathe-

matical averages (UPGMA) among 16Sr DNA sequence of

CKMX1 and the corresponding sequence of eight different

Cellulosimicrobium sp. Strain CKMX1 was united with

quite high statistical support by the bootstrap estimates for

1,000 replications. The resulting phylogenetic tree (Fig. 1)

also verified CKMX1 as C. cellulans strain CKMX1 as the

strain CKMX1 clustered closely with C. cellulans with

high boot strap value (80 %). The 16S rDNA sequence of

the strain has been deposited in the GenBank database

under accession number JN135476. Based on above mor-

phological, biochemical and molecular characterization,

the strain CKMX1 was identified as C. cellulans CKMX1.

Enzyme purification

After 3 days of cultivation of C. cellulans CKMX1 in an

alkaline medium in the presence of apple pomace as a

substrate for xylanase production in SSF, the extracellular

xylanase was detected at 940.30 U/g DBP in the culture

supernatant (Table 3). The crude enzyme, obtained as a

cell-free supernatant, was precipitated using ammonium

sulphate to 80 % saturation. The crude extract from the

culture medium was taken through the two-step purifica-

tion of gel filtration and ion-exchange chromatography.

The profiles of elution in gel filtration chromatography

exhibited various protein peaks, and a major xylanase peak

(fraction no. 42-54) (Fig. 2); the active fractions were

pooled, concentrated and injected into the ion exchange

column, the xylanase was eluted as a single peak, showing

that purer xylanase was obtained (fraction no. 66-72)

(Fig. 3). Table 3 represents the purification of xylanase.

The purified xylanase exhibited a specific activity of 36.62

U/mg. An overall recovery of 20.28 % and 5.92-fold

purification of CKMX1 xylanase were observed. The

purified xylanase protein appeared as single band on SDS-

(Cellulosimicrobium funkei; USA)

(Cellulosimicrobium funkei; USA)

(Cellulosimicrobium cellulans; UK)

(Cellulosimicrobium sp.; Singapore)

(Cellulosimicrobium cellulans; Italy)

(Cellulosimicrobium sp.; China)

(Actinobacterium; China)

(Cellulosimicrobium cellulans; China)

(Cellulosimicrobium cellulans; India)

Fig. 1 Neighbour-joining tree

based on 16S rRNA gene

sequences showing the

phylogenetic relationship of

strain CKMX1. The numbers at

the nodes indicate the levels of

bootstrap support based on data

for 1,000 replicates; values

inferred greater than 50 % are

only presented. The scale bar

indicates 10 substitutions per

nucleotide position
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PAGE with an estimated molecular mass of 29 kDa,

respectively (Fig. 4a). A zymogram of the xylanase

exhibited a band with significant activity corresponding to

29 kDa (Fig. 4b). The Congo red interacts strongly with

polysaccharides containing contiguous b (1-4) linked

reducing sugar units. The resulting dye-glucan complexes

are intensely coloured making them very sensitive methods

of detection of such polysaccharides. Hence (Fig. 4b) in

the presence of active xylanase, the substrate xylan in the

gel is hydrolysed and so there is a less intense colouration

(Teather and Wood 1982).

Effect of pH and temperature on activity and stability

of xylanase

The temperature optimum of purified xylanase was 60 �C

(Fig. 5a) and the enzyme was stable over the range of

50–60 �C (Fig. 5b). The enzyme stability declined rapidly

Table 3 Purification of the

xylanase of C. cellulans

CKMX1

Steps Total activity

(U/g DBP)

Total protein

(mg)

Specific activity

(U/mg)

Recovery/yield

(%)

Purification

fold

Crude extract 940.30 151.90 6.19 100 1

A S F 671.66 82.46 8.14 71.43 1.31

GPC (Sephadex G-100) 322.40 21.74 14.83 34.29 2.40

AEC (DEAE-cellulose) 233.20 8.16 28.58 24.80 4.62

Ultrafiltration 190.70 5.21 36.62 20.28 5.92
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as the temperature increased above 50 �C, and retained

50 % activity at 50 �C and pH 8.0 with in the first 30 min

and after that a gradual decrease was found and it was

rapidly inactivated at 60 �C after 30 min (Fig. 5b). The

xylanase purified from the C. cellulans CKMX1 was more

stable at 50 �C than 55 and 60 �C.

The pH optimum of the xylanase was measured at

constant temperature (55 �C) and substrate concentration

(0.5 %). The purified xylanase had a broad optimal pH

range (5–9), with maximum activity at pH 8.0 (Fig. 5c).

More than 85 % of the maximum observed activity of the

enzyme was reached between pH 6 and 8. The activity of

the enzyme beyond this range was low. At pH 7.0 or pH

8.0, the enzyme activity was retained more than 85 %;

however, at pH 10.0, it reduced to only 50 % (Fig. 5c).

Effect of metallic ions and enzyme inhibitors on xylanase

activity

Various cations and compounds were assayed at a con-

centration of 1 mM to investigate their effects on xylanase

activity (Table 4). Among eleven metal ions and inhibitors

tested, CaCl2 addition to the purified enzyme increased the

activity i.e. 8.90 %; HgCl2 caused maximum inhibition i.e.

67.85 % while CoCl2 and CdCl2 caused 36 and 26.85 %,

respectively. The other metal ions tested had no apprecia-

ble effect on the activity of this xylanase. The metalloen-

zymes (metalloproteins) can be readily distinguished from

other proteins by treatment with metal chelating agents

such as EDTA, which chelate metal ion cofactor and

inactivate the enzyme. However, in the present study,

EDTA could not significantly reduce the activity of puri-

fied xylanase of C. cellulans CKMX1. DTT and

2-mercaptoethanol are reducing agents and break the

disulphide bond between two cysteine residues of protein

and thus interfere with the folding of enzyme protein

leading to its inactivation and these reagents did not reduce

the activity of purified xylanase of C. cellulans CKMX1.

Fig. 4 a Sodium dodecyl sulphate–polyacrylamide gel electrophore-

sis (SDS-PAGE) (12 %) of xylanase preparations at various stages of

purification. M Medium range molecular weight marker; Lane A

crude enzyme (10 lg); Lane B ammonium sulphate fractionation

(10 lg); Lane C Sephadex G-100 column chromatography pooled

fractions (10 lg); Lane D DEAE column chromatography pooled

fractions (10 lg); b zymogram of purified xylanase
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Fig. 5 a Effect of reaction temperature on xylanase activity of C.

cellulans CKMX1 and reactions were performed for 5 min at various

temperature 35–70 �C. b Effect of time on thermal stability of C.

cellulans CKMX1. The enzyme was preincubated at 50 �C (circles),

55 �C (squares) and 60 �C (triangles). After incubation, all samples

were analyzed for xylanase activity, using oat spelt xylan as a

substrate 0.5 % under standard conditions. c Effect of buffer system

and pH on xylanase activity. Reaction was carried out at 55 �C using

oat spelt xylan as substrate 0.5 % for 5 min in citrate buffer (pH

4.0–5.0), potassium phosphate buffer (pH 6.0–7.0) and Tris–HCl

buffer (pH 8.0–10.0)
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Enzyme kinetics

The kinetic parameters Km and Vmax of the enzyme were

determined from Lineweaver–Burk double reciprocal plots

of xylanase activity at 60 �C using various concentrations

of oat-spelt xylan as substrate (Fig. 6). A rapid increase in

the rate of reaction was observed with an increase in the

concentration of xylan up to 8 %, beyond which the

reaction rate stabilized. The Km value of xylanase was

2.64 mg/ml and Vmax was 2,000 lmol/min/mg protein,

respectively (data not shown).

Internal amino acid sequence of xylanase determined

by MALDI-TOF MS

An amino acid sequence of the purified enzyme from the

digested protein analysed by MALDI-TOF was identified

as PRVLARRRGERDEVGRDRTRPGLVLLGGRGP-

GRELRGRAG. The results of a MASCOT from Matrix-

Science search indicated that this partial amino acid

sequence showed 85 % homology with endo-beta-1,4-xy-

lanase (xylK-1) gene (accession number ACY75514.1) of

the glycoside hydrolase family 11 from Cellulosimicrobi-

um sp. Glycoside hydrolases family 11 (EC 3.2.1-) con-

stitute a large group of enzymes that hydrolyse the

glycosidic bond between at least two carbohydrates or

between a carbohydrate and a non-carbohydrate moiety,

which is monospecific and that consists solely of xylanase

(Collins et al. 2005; Henrissat 1991).

Discussion

This is the first report on the purification and character-

ization of Cellulosimicrobium celllulans CKMX1 isolated

from mushroom compost. In this study, we characterized a

strain of C. cellulans CKMX1 capable of producing cel-

lulase-free xylanase. According to the morphological,

biochemical, FAME analysis and 16S rDNA sequencing

isolate was identified as a strain of C. cellulans CKMX1. C.

cellulans CKMX1 is one of the unusual bacterial strains

that produce low molecular weight cellulase-free, alkali

stable xylanase (1,4-D-xylan xylohydrolase, E.C. 3.2.1.8).

However, the production of cellulases is invariably asso-

ciated with the xylanases produced by Cellulosimicrobium

sp. reported earlier. In solid state fermentation (SSF), strain

CKMX1 produced cellulase-free xylanases i.e. CMCase,

FPase, avicelase and b-glucosidase were not detected in the

enzyme supernatant (Walia et al. 2012b). So, the important

characteristic of this strain to produce low molecular

weight cellulase-free alkali stable xylanase makes this

enzyme suitable for pulp and paper biobleaching industry.

In this work, we have produced cellulase free xylanase from

C. cellulans CKMX1 at an activity level of 940.30 U/g DBP

in the culture supernatant which has a pH optimum of 8.0

at 55 �C and enzyme was stable over the range of

50–60 �C.

In this investigation, using ion exchange chromatography,

gel permeation chromatography and Ultrafiltration, purified

enzyme was separated from other proteins. The purified

xylanase exhibited a specific activity of 36.62 U/mg. An

overall recovery of 20.28 % and 5.92-fold purification of

strain CKMX1 xylanase were observed. Cellulase-free

xylanase obtained from a moderate thermophile Bacillus

licheniformis A99 had a specific activity of 28.7 U/mg

(Archana and Satyanarayana 2003). The specific activity of

xylanase produced by Bacillus pumilus and Aspergillus

ficuum was 298 and 288 U/mg, respectively (Panbangred

et al. 1993; Lu et al. 2008). The specific activity of purified

xylanase from various microorganisms varies from 28.7 to

1,697.7 U/mg of protein (Inagaki et al. 1998; Khandepar-

kar and Bhosle 2006b). A zymogram of the xylanase

Table 4 Effect of metal ions and inhibitors on the activity of C.

cellulans CKMX1

Metal ions

(1 mM)

Relative

enzyme activity

(%)

Inhibitors (1 mM) Relative

enzyme activity

(%)

Control 100 Control 100

MnSO4 70.79 EDTA 79.41

ZnSO4 92.13 DTT 83.00

NaCl 85.16 2-mercaptoethanol 87.59

MnCl2 90.35

CoCl2 64.00

CdCl2 73.15

CaCl2 108.90

HgCl2 32.15

y = 0.0132x + 0.0005

0

0.002

0.004

0.006

0.008
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0.012
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Fig. 6 Lineweaver–Burk plot of purified xylanase of C. cellulans

CKMX1
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exhibited a band with significant activity corresponding to

29 kDa (Fig. 4a, b). This finding is consistent with that of

monomeric xylanase (15–67 kDa) reported in numerous

investigations (Lu et al. 2008; Teather and Wood 1982;

Nakamura et al. 1993; Waino and Ingvorsen 2003; Wejse

et al. 2003).

The temperature optimum of purified xylanase was

60 �C and the enzyme was stable over the range of

50–60 �C (Fig. 5a, b). A similar range of optimal temper-

atures has been identified for a low molecular weight xy-

lanase from B. pumilus SSP-34 (Subramaniyan 2012). A

stability test revealed that the xylanase was stable for 4 h at

50 �C. Alkalophiles are the most likely source of enzymes

tolerant to high salt and high temperatures (Sanchez-Porro

et al. 2003). On the basis of its properties, the strain

CKMX1 xylanase may be suited to these particular con-

ditions. The pH optimum of the xylanase was measured at

constant temperature (55 �C) and substrate concentration

(0.5 %). The purified xylanase had a broad optimal pH

range (6–9), with maximum activity at pH 8.0 (Fig. 5c).

The pH optimum for xylanase isolated from many bacteria

is mainly in the neutral pH range. Xylanase isolated from

Halorhabdus utahensis and Bacillus sp. SPS-0 have an

optimum pH of 6.0–8.0 (Waino and Ingvorsen 2003; Ba-

taillon et al. 1998).

Various cations and compounds were assayed at a

concentration of 1 mM to investigate their effects on xy-

lanase activity (Table 4). However, in the present study,

EDTA could not significantly reduce the activity of puri-

fied xylanase of C. cellulans CKMX1. DTT and

2-mercaptoethanol are reducing agents and break the

disulphide bond between two cysteine residues of protein

and thus interfere with the folding of enzyme protein

leading to its inactivation and these reagents did not reduce

the activity of purified xylanase of C. cellulans CKMX1.

Similar results were found in case of cellulase-free xylan-

ase of a moderate thermophile B. licheniformis A99, where

HgCl2 and AgNO3 completely inhibited the xylanase

activity whereas it was unaffected by EDTA treatment too

(Archana and Satyanarayana 2003).

The kinetic parameters Km and Vmax of the enzyme were

determined from Lineweaver–Burk double reciprocal plots

of xylanase activity at 60 �C using various concentrations

of oat-spelt xylan as substrate (Fig. 6). The Km value of

xylanase was 2.64 mg/ml and Vmax was 2,000 lmol/min/

mg protein, respectively (data not shown). This Km value

was lower than those obtained for Bacillus halodurans

(Mamo et al. 2006) and Enterobacter sp. MTCC 5112

(Khandeparkar and Bhosle 2006a), indicating that the xy-

lanase from C. cellulans had higher affinity for oat-spelt

xylan. There are only few exceptions from Bacillus sp., for

example, B. stearothermophilus had Km value 1.63 mg/ml

(Khasin et al. 1993). Aeromonas caviae 9.4 mg/ml (Kubata

et al. 1992) and Streptomyces T-7 10 mg/ml (Keskar 1992)

were the few ones with higher Km values. Similar results

were also found with extremely thermophilic xylanases

from Thermotoga thermarum with molecular weight of 120

and 40 kDa, have low Km value (Tsenga et al. 2002).

An amino acid sequence from the digested protein was

analysed by MALDI-TOF to identify the purified enzyme.

The peptide sequence alignment showed areas of sequence

homology with endo-b-1,4-xylanase belonging to the gly-

coside hydrolase family 11 (Henrissat 1991).

In this study, we isolated a novel strain of C. cellulans

CKMX1 from mushroom compost that has the ability to

produce thermostable xylanase without cellulase activity.

The time course for xylanase accumulation by the C. cel-

lulans CKMX1 in solid state fermentation showed that the

highest xylanase activity reached 940.30 U/g in a basal salt

medium with oat-spelt xylan used as a substrate after 72 h

of cultivation. The enzyme showed a broad pH activity

profile and optimal pH and temperature for the purified

29 kDa xylanase were pH 8 and 60 �C, respectively.

Overall, the findings indicate that the xylanase presented in

the current work is endowed with a number of promising

properties that are highly valued in the pulp and paper

industry.
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