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ABSTRACT

The present study was aimed at isolation and characterization of a new xylan degrading strain of Bacillus from soil
for production of xylanase. Different soil samples from Punjab state were used to isolate xylan degrading strains.
We isolated a highly active xylanolytic strain and performed genetic characterisation using 16S r-RNA analysis.
DNA sequencing and phylogenetic analysis using MEGA4 software showed our strain to be a novel strain
(accession number JQ916900) which was named Bacillus lpuarvinder st. [pu002. Biochemical characterization of
the enzyme showed optimum activity at 60 °C and pH 8.6. The enzyme was stable at 70 °C for up to 6 hours. The
xylanase activity seems to be alleviated by divalent Ca?*, Mn?** and Mg® ions. The best enzyme activity was
obtained when the cells were grown in Bushnell-Haas medium supplemented with 0.5% xylan and beef extract. The
process optimization was done using solid state fermentation (SSF) using wheat straw as substrate. The enzyme
isolated from SSF was analysed in a zymogram. The zymogram analysis showed prominent clear zone with congo
red. The strain Bacillus lpuarvinder st. Ipu002 produces a highly active xylanase, which may be taken to
purification as it has immense biotechnological potential to be used in industries.
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INTRODUCTION

Xylans are complex polysaccharides made up-Dfxylose residues, linked togetherl,3- and/o3-1,4-glycosidic
linkages.a-1,3 glycosidic linkages are found in the xylan @mment of softwoods, wheredisl,4 linkages are
ubiquitous in all xylans. Xylans are almost as prathantly found in the plant cell walls as cellldasnd occurs in
all the phyla of plant kingdom, be Bryophyta, Pteridophyta or Embryophyta as well in fungi. Such posthumous
occurrence of xylans makes them an economic casbarce for use in different fermentation proces8es.the
problem that the scientific community is facing reuntly is the deficiency of such highly active enms and/or
strains possessing xylan metabolising activity.aXgses are the class of enzymes capable of hyahglgamplex
xylans, major component of hemicellulose, to yielgdose and other xylooligosaccharides. Xylanasehis
collective name given to the enzymespet,4 endoxylanases (EC 3.2.1.8) ghgylosidases (EC 3.2.1.37). These
enzymes find immense potential in the paper inguatr it provides a significant by-pass to the eapandous
chlorine bleaching of pulp [1]. A well establishadplication of xylanses comes from the food industhere it is
an intrinsic component of fruit juice clearing afprwith pectinase and cellulase [2]. Having fundaraken
applications in industries, in recent years as alturrently, more and more research is beingtdideto the search
for high activity xylanases for saccharificationamplex lignocellulosic biomass. Shrivastava amdarkers have
showed a thermophilic xylanase producedTbyanuginosus SS-8 [3]. A similar work has been reported where a
thermostable xylanase was ectopically expressé&d @li andPichia pastoris [4]. Hung and co-workers have also
reported isolation of a thermophilic xylanase GHtdin Thermoanaerobacterium saccharolyticum strain NTOU1
[5].Li et al isolated a thermostable xylanase fri@aecilomyces thermophila strain J18, which shovale activity
up to 75°C [6]. There also have been reports on organicesitolerant xylanase frodspergillus awamori VTCC-
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F312, which retained 44-61% of its activity in orgarsolvent concentrations of as high as 80% (v/v) [id]the
current study, we have isolated a novel xylanasmyming strain of genuBacillus, performed genetic and
biochemical characterization of our strain and mEed xylanase production by non-sterile solid estahd
submerged fermentation.

Solid State Fermentation (SSF) is beneficial oubmserged fermentation including lesser space remént, lesser
media requirement, ergonomy of the process, equipared control systems, higher product yields, éigtnergy
efficiency, highly economical process (lower cap#ad recurring expenditure in industry), more cament scale-
up of process, easier downstream processing amtligroecovery, improved yields, absence of foanidbwp and

easier maintenance of sterility due to the low muwéescontent of the system [8][9].

We report here a novel xylanse producing straiorgihg to the genuBacillus isolated from the soil collected
from a unique niche of the state of Punjab, In@ptimisation of culture and nutritional paramet&nsour strain
was performed including optimisation of carbon seumitrogen source, optimum temperature, pH ahdbitor
analysis. The enzyme shows high industrial poteatiéng to its rapid action and high catalytic eféincy.

EXPERIMENTAL SECTION

Isolation of Xylanase producing microbesThe soils samples were resuspended in sterildletiswater and plated
in various serial dilutions on Mannitol Salt Agatifnedia, India) plates. The plates were incubate87eC for 24
hours. The resultant colonies were patched in datgds onto fresh MSA plates containing 0.5% Xyl&D (Fine
chemicals, India). The xylanase producers wereese® by staining the xylan-MSA plates with 0.5% @mmed
(Sigma Aldrich). Xylanase producing organisms digpt clear zones upon congo red staining.

Genetic identification of xylanase producing strais: A single colony from the pure culture of the isetatstrain
was used to inoculate Luria broth and incubated3@C overnight. Next day, the cells were harvested by
centrifugation and the genomic DNA was isolatednfrahe cells using SDS/CTAB lysis followed by
Phenol/Chloroform/Isoamyl alcohol extraction anapipanol precipitation [10]. The genomic DNA wa®d in a
PCR reaction to amplify 16S r-RNA genes using thikoWing primers: ES8F (AGAGTTTGATCCTGGCTCAG)
and E1492R (GGTTACCTTGTTACGACTT). The expected puaidsize using these primers was 1485 bp. The
amplified PCR product was purified by gel extraotiosing Qiagen Gel extraction kit (Qiagen, U.S.ard
sequenced at Bioserve Biotechnologies India privatdted. The obtained sequence was analysed USiDBI-
BLAST and a phylogenetic analysis was carried aibg Molecular Evolutionary Genetic Analysis (MEGA
http://www.megasoftware.net/) software with 100@tstrap analyses.

Optimisation of Growth Conditions

Growth Media: Two media were used viz. M1 and M2 (Table 1). 100sheach medium was inoculated with a 24
hour grown primary culture dBacillus st. arvin04. The flasks were incubated for further 48 hourse Bptimum
media was chosen by estimating xylan saccharifinatising the standard DNSA method as describedqudy
[11].

Optimization of carbon source: Enzyme production was carried out using the cadmirces viz. glucose, xylose,
Birchwood Xylan, Oat spell Xylan and Carboxy méthgllulose (CMC) at 0.5% (w/v) each and wheat\gfra
wheat bran, rice straw, rice husk and sugarcanedsag at concentration of 1.0% (w/v) each. The rapzy
production was quantified using DNSA based estiomatif reducing sugars.

Optimization of Nitrogen Source: Enzyme production was estimated in presence ofouarinorganic [sodium
nitrate (NaN@), ammonium chloride (NH4Cl) and Ammonium nitraféH;NQOs)] and organic (peptone, yeast
extract, beef extract and tryptone) nitrogen sairat concentration of 1%(w/v) each and effect ofeyion
Xylanase activity was also measured. Further, efftédhe selected nitrogen source on enzyme pramluatas
investigated at its different concentrations.

Substrate Concentration: Xylan was added to the optimum medium at variooscentrations as 0.25%, 0.5%,
0.75% and 1%. The saccharification of xylan wadyseal after 48 hours of incubation.

Optimum Growth Temperature: Media M1 supplemented with 0.5% xylan was inoadatith a 24 hour grown
culture of Bacillus st. 1pu02 in different Ehrlenmeyer flasks (Borosil, Indid)he flasks were incubated at°80)
37°C and 42C for 48 hours each. The optimum temperature wisrad by estimating xylan hydrolysis using
DNSA method.
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Optimum Growth pH: Media M1 containing 0.5% xylan was prepared aiows pHviz. 6, 7, 8, 9 and 10 in
Ehrlenmeyer flasks and inoculated with a day-grawture ofBacillus Ipuarvinder strain002. The cultures were
incubated for 48 hours at 7. The optimum pH was obtained by biochemical esfiom of sugars present in the
spent medium.

Optimum salt concentration for cell growth: NaCl concentration in media 2 was varied from 562@nd
supplemented with 0.5% xylan. The optimum salt emi@tion was denoted by quantifying xylan hydridys
taking salt-free media as control.

Biochemical characterisation of Xylanase

Determination of optimum growth temperature for Enzyme activity: 1% CMC was used as substrate in an enzymatic
reaction containing 0.1M Tris-HCI, enzyme and stdist The cells were cultured at different tempeestviz.
30°C to 8G°C with 10C intervals. Xylanase activity was measured usihBR assay.

Effect of temperature on Enzyme stability: The enzyme was pre-incubated for 120, 240 and iB6@utes at
temperature interval of £G from 30C to 80C for 30 minutes in 0.1M Tris-HCI. The residual gme activity was
measured by incubating the enzyme and substr&@°ax for 30 minutes.

Effect of medium pH on Enzyme Activity: The cells were grown in BHB medium supplementeth Wi5% xylan at
pH 6 to 10. The xylanase activity was determinddgi4% CMC as substrate.

Effect of pH on Enzyme stability: The enzyme was pre-incubated in 0.1M HCI (pH 68,7 and 10) for 120, 240
and 360 minutes and the enzyme activity was détexdhrby incubation with CMC for 30 minutes.

Effect of Metal lons on Xylanase activity: The enzyme was incubated with 1% CMC and supplézdewith 1mM
cd’, Mg?*, C#*, Mn*, zr**, F€* and Hg". The reaction was incubated at°60for 60 minutes and xylanase
activity was quantified.

Enzymatic Saccharification: Enzymatic hydrolysis of wheat straw polysaccharidess investigated for the
production of reducing sugars. Wheat straw was t@isethe enzyme production after thorough washingd air-
drying in a sterilized tray for 2 hours at°60 Straw was then sieved to 1mm size, pretreatddNaOH at 86C and
re-sieved. Hydrolysis was initiated by adding 1414 1U/g) of enzyme. An enzyme free parallel contvas also
maintained. Aliquots were drawn periodically antkase of sugar content was measured.

Non-Sterile Submerged Fermentation (SmF)

Submerged fermentation employs fluidic substraties Whey, molasses and broths, which give readdsbile
nutrients for microbial metabolism. The main adeget of SmF is that downstream processing is eadyttsn
recovery of product is more convenient than sdiidesfermentation systems. The enzyme productics deae in
media M1 supplemented with 1% (w/v) wheat strawnalor 1% (w/v) wheat straw and 1% whey (v/v). Thedia
was inoculated and incubated af@7or 24h, 48h, 72h and 96h. The enzyme activitg determined by estimating
the reducing sugar content by DNS assay. The unlatezd media were used as the control sets foetgeriment.

Non-Sterile Solid State fermentation (SSF)

Solid state fermentation makes use of solid sutestiike straw, bran, bagasse etc, which givesn&raited-release
nutrient flow. This is advantageous to the econafthe process because it allows recycling of adftical wastes
as substrates of SSF. SSF can be used only foe tbignisms which have low water activity[12]. Emzy
production was carried out in 250ml Erlenmeyer Kfasontaining 20% of media M1 ,wheat straw as daar
source, 5% NaCl and 1% whey as a nitrogen souroa §terile). This set up was inoculated wihcillus
Ipuarvinder strain [pu002 and the xylanase activity was estimated aftereid) 96 hours and 120 hours. A similar
parallel setup was made and not inoculated to bd as control.

Zymogram Analysis

Xylanase zymogram was prepared by copolymerizitgoOXylan with 12% polyacrylamide in a native PAGHe
xylanase produced from SSF were loaded onto theven®AGE. For xylanase activity staining, the gehsw
incubated in 20 mM Tris—HCI buffer (pH 8.6, confaip5 % isopropanol) for 24 h. After several wagisinvith 20
mM Tris—HCI buffer (pH 8.6), the xylanase band wisialized by staining the agarose gel with 0.584) Congo
red and destaining with 1M NacCl.
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RESULTS AND DISCUSSION

India is an agriculture-dominated sub-continent thenerates 700 million tonnes of agricultural wastery year
[13]. This waste is mainly rich in hemi-cellulodgnins and xylans. These polysaccharides form lzstsuntial

percentage of the waste biomass and may readilysbd as cheap carbon sources for production ofefeable
sugars for bio ethanol fermentation. Realising saclpotential of agricultural waste requires higlgtive

cellulolytic and xylanolytic strains that can rdgdsaccharify the polysaccharides to yield sigmifit amounts of
fermentable sugars. In the present study, we hsolated a new strain of bacillus, which possesagstylanolytic

activity. The 16S r-RNA gene of this high activitirain was sequenced and analysed to determirghttiegeny of
the strain.
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Fig. 1: Photograph of congo red stained MSA-Xylan late showing clear zones indicating xylanase acttyi

Isolation of Xylanase producing microbes: Xylanase producers were isolated on MSA platggplemented with
0.5% Xylan and were re-patched onto fresh MSA glated stained with congo red. Congo red binds kanxyhich
containsp-1,4 glycosidic linkages. The xylanase activity veasfirmed with a clear zone owing to hydrolysis of
xylan by Xylanase secreted by the cells. (Fig. 1)
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Fig. 2a: Agarose Gel Electrophoresis showing PCR atified 16S r-RNA gene fragments from the positivecylanase producing strains
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Ornithinibacillus bavariensis strain WSBC 24001
Bacillus thioparans strain BMP-1
Virgibacillus salarius strain SA-Vb1

@ Bacillus sp LPUARVINDER strain LPU002

Bhargavaea cecembensis strain : DSE10
Bacillus subtilis subsp. subtilis strain DSM 10
Brevibacterium halotolerans strain DSM 8802
—
05

Salirhabdus euzebyi strain : CVS-14

Bacillus circulans 16S ribosomal

Bacillus hemicellulosilyticus strain C-11
Saccharococcus thermophilus strain 657
Virgibacillus kekensis strain YIM kkny16
— Bacillus thuringiensis strain IAM 12077

— Anoxybacillus rupiensis strain :DSM 17127

Fig. 2b Phylogenetic tree showing the position ofavel strain Bacillus Ipuarvinder strain |pu002
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Fig. 3. Effect of Carbon Source on Xylanase produin

Genetic identification of Xylanase producing strains: The xylanase producing strains were cultured imial Salt
broth for 24 hours and total genomic DNA was isedatThe genomic DNA was used in a PCR reactiomtplify
the 16S r-DNA gene. The 16S r-DNA analysis is thestrtonvenient one for classification and iderificn of
microbes and moreover, the sequences for 16S r-@QBes for most microbes are available on publiessc
databases (Fig. 2a).

The DNA fragments were eluted from the gel, pudifend sequenced. The sequencing results were adalging
the software MEGA 4 [14] and the phylogenetic twaes developed (Fig. 2b). The sequence has beenittedh o
NCBI with accession number JQ916900. Phylogenatalysis showed clear branching out of our stiBaaillus
Ipuarvinder st. Ipu002, indicating that it is a novel strain.

Optimization of growth conditions

Growth media: M1 and M2 media (Table 1) were used for mediamisttion with varying concentrations of xylan
as indicated. The optimum media was determined bgsuring the xylanase enzyme activity using thadstal
DNSA method. The results were depicted in a tabdlaanner (Table 2). Growth was better supportedéddia
M1, i.e., Bushnell Haas Broth supplemented witl®ylan.

Best Carbon Source: A cheap and readily metabolizable carbon sowame of the key parameters of the economy
of the process. So it is imperative that the basb@n source be optimized. Enzyme production wasechout
using glucose, xylose, Birchwood Xylan, Oat speflat and Carboxy methyl cellulose (CMC) at 0.5%(wéach
and wheat straw, wheat bran, rice straw, rice largk sugarcane bagasse, at concentration of 1.09) éacth as
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carbon sources. Among different carbon sourcesatteaw yielded highest xylanase (22.16 IU/ml)duation of
22.16 IU/mL and 19.67 IU/mL at 48 hours and 72 Baespectively, followed by wheat bran that gaves 168/mL

at 48 hours. Birch-wood xylan resulted in productod 12.18 IU/ml xylanase (Fig. 3). The enzymertitepresence
of sugars was much lower compared with wheat braxylan. Although hemicellulosic substrates suchnagat
bran, rice straw, wheat straw, rice husk and sagerdagasse were found to increase xylanase pioudutite

highest enzyme titer was obtained with wheat strawch may be attributed to high xylan content imeat.
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Fig. 4. Graph showing the effect of Nitrogen sourcen Xylanase production

12 - Effect of Growth Temperature on Xylanase Production
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Fig.5: Graph showing the effect of growth temperatte on xylanase production

Optimum Nitrogen source: Various inorganic [sodium nitrate (NaN® ammonium chloride (NH4CI) and
Ammonium nitrate (NENO,)] and organic (peptone, yeast extract, beef e@ad tryptone) nitrogen sources at
concentration of 1%(w/v) each and Whey 1%(v/v) wtre chosen candidates for optimizing the bestolén
source. The medium M1, supplemented with 0.5% xyad the indicated concentrations of various nérog
sources, was inoculated witacillus Ipuarvinder st. [pu002 cells and cultured for 24h, 48h, 72h and 96h. The
enzyme activity was measured using the standard &8888y. Organic nitrogen sources such as yeasicex®0.76
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IU/ml), peptone (27.42 IU/ml), tryptone (25.14 IUJrand beef extract (25.71 1U/ml) resulted in higkazyme titer
compared with inorganic compounds such as;Wbt (24.81 IU/ml), NHCI (27.45 IU/ml), and NaN@(24.88
IU/ml). Xylanase production was also measured & pgthesence of whey, which gave an activity of 2813@nL

(Fig. 4).

12 - Effect of Growth pH on Xylanase Production
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Fig. 6: Graph showing the effect of growth pH on Xianase production
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Fig. 7: Graph showing the effect of temperature omylanase stability

Optimum Growth Temperature: Bacillus [puarvinder strain 1pu002 cells were grown in media M1 and incubated at
various temperatures for 48 hours. The enzyme ptamuwas estimated using the standard DNSA metimatithe
data could be depicted as shown in Fig. 5. The maxi enzyme activity of 10 IU/mL was observed atrawgh
temperature of 6€C, which indicated that the strain is thermo-tahéra
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EFFECT OF pH ON XYLANASE STABILITY
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Fig. 8: Graph showing the effect of pH on xylanasstability

EFFECT OF NaCl CONCENTRATION ON XYLANASE
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Fig. 9: Graph showing the effect of NaCl on xylanasproduction

Optimum Growth pH: The xylanase producing strdjpu002 was grown in media M1 at various pH values ranging
from 6 to 10. The enzyme production was quantifisthg the standard DNSA method of glucose estimafide
results were depicted as in Fig. 6. The optimunyerzactivity of 10.2 lU/mL was observed at pH 8.5.

Effect of temperature on Enzyme stability: The enzyme was pre-incubated at different temperatranging from
30°C to 80C at intervals of 1% for 120 minutes, 240 minutes and 360 minutes. Sthbility was estimated by
measuring residual enzyme activity using DNSA mdthbhe data was depicted as follows. The enzymevetio
maximum stability at 3T where it retained 84% of the activity ever aBé0 minutes of incubation. The enzyme
also retained >70% activity at %@ even after 360 minutes of incubation (Fig. 7)
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XYLANASE PRODUCTION UNDER NON STERILE
SUBMERGED FERMENTATION
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Fig. 10:Production of xylanase in non-sterile subnrged fermentation
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Fig. 11: Graph showing the correlation between sdli state fermentation ofBacillus Ipuarvinder strain [pu002 and xylanase activity

Effect of pH on enzyme stability: The xylanse enzyme was incubated in 100mM Tris-BiCVarious pH ranging
from 6 to 10 for 120 minutes, 240 minutes and 36@utes. The enzyme stability was quantified by meag the

residual enzyme activity using the DNSA method. Ehayme showed maximum stability at buffer pH 8léere

95% of the activity was retained even after 360ut@n of incubation. The enzyme was significantlgtahle at pH
6 and 10 and rapidly lost activity at these pH eal(Fig. 8).

Optimum salt concentration for cell growth: The cells were cultured in media M1 supplementetth @i5% xylan
and varying concentrations of NaCl from 0% (conttol20%. The Xylanase activity was measured byntjyang
reducing sugars by DNSA method. Optimum xylanasiigcwas observed at a salt concentration of B#ich
declined upon increasing the salt concentratiothéur(Fig. 9). This might be due to the osmotiestrcaused by
NacCl.
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Clear
Zone

Lanel

Lane 2

Fig. 12: Zymogram analysis of xylanase produced bsolid state fermentation in wheat straw
Lane 1: Xylanase activity in SSF xylanase and Lane 2: Control

Table 1: Compositions of different media (M1 and M2 used in the study

Component Concentration (g/L)
Magnesium sulphate 0.200
Calcium chloride 0.020
Potassium dihydrogen phosphate 1.000
. Dipotassium phosphate 1.000
Bushnell Haas Medium (M1) AMmmonium nitrate 7000
Ferric chloride 0.050
Xylan 0.5% (wiv)
Final pH 7.0+£0.2
Potassium dihydrogen Phosphatg 0.070
Dipotassium hydrogen Phosphaté¢ 0.070
Magnesium Sulphate Heptahydrate 0.070
Ammonium Nitrate 0.100
Mineral Salts Solution (M2) | Sodium Chloride 0.005
Ferrous Sulphate 0.002
Zinc sulphate 0.001
Manganous Sulphate 0.001
Final pH 7.0+£0.2

Table 2: showing the enzyme activity using differenisubstrate concentrations in media M1

Substrate Conc}  Enzyme Activity (48 Hou
M1 + 0.25% 9.33
M1 + 0.5% 10.76
M1 + 0.75% 10.01
M1 + 1% 9.37
M2 + 0.5% 4.15

Table 3. Effect of metal ions on xylanase activity statistically significant (data not shown)

Metal ion Residual Activity* %
Control (No metal ion) 100 %
Ca*™ 124.8%
Mg * 136.38%
Hg ** 82.24%
Fe™* 117.55%
Cu* 126.74%
Mn * 103.26%
Co*? 116.54%
Zn*? 104.61%
EDTA 66%
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Effect of Metal ions on xylanase activity:Enzyme was equilibrated with 1 mM solution of eiti@a?, Mg™?, Hg™ ,
Fe'?, Cu?, Mn*? CO™ and zri? for 1 hour at room temperature. Residual actiwgs measured at 6C using
enzyme assay described above. When incubated wgfh, Residual activity was 136.38% followed by 126.74%
when Cu/**was used. 124.8 % of residual activity was obsewieein C&" was used (Table 3).

Production of Xylanase using non-sterile submergedermentation: In non-sterile submerged fermentation
(SmF), xylanase production was 26.39 1U/ml using W#eat straw (inoculated) as substrate after 48tile
xylanase production after 72hr and 96 hr was 1@7d@ 14.05 IU/ml when bacterial strain was grownBihB
supplemented with 1% wheat straw (Inoculated). Xgke production was 34.93 IU/ml after 48 hours kBB
supplemented with 1% wheat straw, 1% whey.

The activity was reduced to 21.87 1U/ml after 72itsoand to 16.78 IU/ml after 96 hours respectivaiger non
sterile conditions. When media was un-inoculatedattivity was 3.79 1U/ml after 48 hours under saorditions
(Fig. 10).

Production of Xylanase using non-sterile Solid Statfermentation: Enzyme production was carried out in 250ml
Erlenmeyer flasks containing media M1 , 1% (w/v)eahstraw as a carbon source, 5% NaCl and 1% whey a
nitrogen source (non sterile). This set up wasutadied and after 96hr, 114.72 1U/gram of activitgsanvestigated
followed by 98.65 IU/gm at 120 hours and 74.48 Wa/gfter 48 hours. The control setup containing ki sterile
wheat straw, 1% whey as a nitrogen source and 5@ Was left un-inoculated. Activity in this case sv&6.02
IU/gm after 72 hr followed by 12.88 IU/gm after B6and 10.24 1U/gm after 120 hrs (Fig. 11).

Zymogram Analysis: Native PAGE was run using 0.5% xylan copolymerigéti 12% acrylamide/bis-acrylamide.
The gel was incubated with Tris-HCI and stainechwiibngo-red. Destaining was performed using 1M NaC#
hours. The zymogram stain showed diffused cleae atmowing enzyme production (Fig. 12). The clearezis due
to hydrolysis of xylan by Xylanase enzyme presarthe gel.

CONCLUSION

It is absolutely evident from the present studyt thar strainBacillus Ipuarvinder strain 1pu002 produces a highly
active xylanase enzyme, which may be taken to thiigation stage. The enzyme encoded by our sislrighly
capable of hydrolysing complex polysaccharides gresn agricultural wastes, to yield industriallgcaptable
amounts of fermentable sugars. These fermentalerswean be immediately used in fermentation bicgsses for
production of bio ethanol, making this strain ingliadly valuable.
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