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Abstract: This study focuses on the screening and identification of bacteria, which can produce alkaline xylanase at
alkaline pH and high temperature. Bacterial isolates from enriched decaying soil, capable of hydrolyzing xylan were
screened. Selected and purified 13 bacterial colonies (Bacilli and Kurthia) grown on xylan- nutrient agar slants, were
activated and transferred into the fermentation medium. Three highest xylanase producing isolates (Bacillus badius,
Kurthia gibsonii, Bacillus circulans) were selected for further studies and the xylanase produced by them were
screened for their kinetic properties. The optimum temperature for the activity of the xylanase from Isolates A was
50°C; and for Isolate B was 40°C, while that of Isolate C was 30°C. The optimum pH value for the xylanase from
isolate A and B was 9.0. In addition, the xylanase was also capable of producing high-quality xylo-oligosaccharides,
which indicated its application potential not only in pulp bio-bleaching processes but also in the nutraceutical industry.
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INTRODUCTION Xylanases are a group of hydrolytic enzymes that ac
on xylan which is second most abundant polysaccha-
ride in nature (Gupta and Kar, 2008). Xylanasesore
industrial importance, which can be used in paper
manufacturing to bleach paper pulp, increasinghbrig
ness of pulp and improving the digestibility of rauai
feed and for clarification of fruit juices (Srinisan and
Rele, 1999; Viikariet al., 1990). Applications of xy-
lanase avoid the use of chemicals that are expensiv
and cause pollution (Chidit al., 2008). Microorgan-
isms are the rich sources of xylanases, produced by
diverse genera and species of bacteria, actinomycet

The uses of enzymes (microbial origin) in medicine
and the industry are remarkably diverse. The engyme
are responsible for the hydrolysis of plant polysec
rides, including cellulose, lipid, nucleic acidasth
and cell wall components (Kale al., 2000). The high
yield of these enzymes in cultural fluids and thew
bust properties, especially their tolerance toesrtrs

of pH and temperature, led to their applicatiorvani-
ous industries particularly in starch and food pss:
ing industries, where they have replaced seversdtdn

isfactory chemical processes and in household lund 5, fngi. Several species of Bacillus and filaroast

detergent§ (Viikaréta!., 1994; Floreset_al., 1_997)' fungi secrete high amounts of extracellular xyl&sas
Commercial production of these microbial enzymeS(Guptaetal. 2001: Azeriet al.. 2010° Sudan and Ba-
invol_ves use of a wide range of species of bacteria-aj’ 2007). Production of xylanase can be carrietl o
fungi a_nd yeasts (Archana and Satyanarayana, 19_97 sing either submerged fermentation (SmF) or solid
Thg microorganisms are preferred for the prOdU(.:t'onstate fermentation. Submerged fermentation systems
of industrially Important enzymes as these.havd.admg are extensively used for the production of costhten
grovvt_h and m_ul'uphcatlon rate; can be easﬂy medit o) and for the study of biochemical and physiaohe
genetically to increase the p_roduc'uon of partmy@e cal aspects of the synthesis of microbial metaemlit

of enzyme due to the following reasons: growthighh 1,4 objective of the study was isolation, physiaay

in bacteria, can produce enzymes on extreme condizng higchemical screening and the time profilelkda

tions of environment suc_h as high temperature and p line (xylanase) enzyme production under submerged
and have simple nutritional requirements (GUpta’fermentation conditions

2008; Srinivasan, 1999).
The main purpose of isolating the thermophillic and MATERIALS AND METHODS

alkalophilic bacteria is to produce enzymes whiah c Isolation of alkalophilic bacteria from soil sample:

be used in new processes and improve existing procz . L i
P P g Procs, samples rich in organic matter (collected from

esses such as single step conversion of starchuio g 7. C
cose- maltose syrup using the glucosidase from-TherdfTETeNt sources) were dried in an oven A3ior 24
hours. One gram of soil sample was added to 10fml o

mococcus hydrothermalis.
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normal saline (0.85% NacCl) solution. Samples wereindicated by Gram staining and Mac Conkey test but
vortexed for two minutes followed by the conterds t the spore formation was observed only in isolaind
settle down. One ml of supernatant was taken andC. Isolate A formed a creamish white colony and dif
added to 100 ml of enrichment (nutrient agar and acfused morphology with serrate margin. The colowies
tinomycetes agar) mediums. Isolate B were with round morphology and elevated
Isolation of the pure culture by gram staining and margins. Whereas the Isolate C was identified with
spore staining: The isolated colonies on nutrient agar small rounded creamish white bacteria with round an
and actinomycetes isolation agar plates were studie  elevated margins. Biochemical tests were carrigdamu
purity by Gram’s staining and Spore stainif&grgeyet confirm the genus of the isolate and to identifg th
al., 1994) The smears were observed under oil emulsion.species. The isolates B and C were good catalase pr
Plate assay for enzyme production: Prominent se- ducers in comparison with Isolate A. All the three
lected isolate was identified on the basis of morph strains showed good growth under aerobic condition
logical, cultural, biochemical properties. Singlelcs but did not grow under anaerobic condition. Thidiin
nies of the selected isolates grown on xylan notrie cated that the strains are strict aerobes. Thatesodid
agar plate were observed for morphological characte not utilize citrate as the carbon source, also rutitl
in terms of margin, colour, surface, opacity andpEh  utilize tryptophan. Any one of isolate could nobpr
Pure cultures were streaked on basal xylan (0.25%}uce indole, did not produce starch hydrolysing en-
agar medium to check the production of xylanase enzyme and did not produce nitrate (Table 1).
zymes. Bacterial cultures were incubated &C3for 48 Identification of the selected isolate: The morpho-
hours. The plates were stained with Congo red %or 1 logical, physiological and biochemical charactefs o
minutes and then destained with NaCl (1ml) solufidre  the isolates were compared to the identified bacter
yellow zone round the colony surrounded by red back from Bergey's Manual of Systematic Bacteriology
ground indicated the presence of xylanase (Mill8§9). (Sneath, 1986). It was observed that the charaofers
Biochemical identification of the isolates: Biochemi-  the Isolate A based on Gram staining; its morpimplo
cal testing (Carbohydrate, Citrate utilization, &ase,  aerobic nature, biochemical characters and itstyabal
Indole, Nitrate reduction, Voges- proskauer and Macgrow at temperature %0 and pH > 7 were most
Conkey agar test) was done to identify and characte closely related to the speciBacillus badius.
ize the bacterial strairi®acFaddin, 2000 Likewise, the Isolate B with morphological charaste
Xylanase production under submerged fermenta- (short Gram positive aerobic rod, yellow colonywit
tion: The selected strain was further tested for theirout spore formation) and ability to lipase digestand
abilities to produce extracellular xylanase undgp-s casein hydrolysis with growth temperature’@Owas
merged fermentation. The bacterial isolates wete cu identified asMurtha gibsonia.
tured on two different basal media for productidn o In similar manner, as the Isolate C had the abitfity
xylanase i.e. wheat bran and corncob pulp mediumgrow at pH> 7 and at temperatures *@G@&nd other
were used as substrates. The enrichment was done leharacters were similar #acillus circulans and it was
inoculation in Peptone water and the xylanase produ identified asB. circulans.
tion was monitored periodically after every 24 rour Optimization of xylanase production in SmF: When
The assay was performed using a suspension of Birchthe strain was grown in two different mediums i.e.
wood xylan as substrate. The reducing sugars weraheat bran and pulp for 48 hours of incubationtdt p
estimated by DNS method (Miller, 1959). 9.0 and 58C, maximum xylanase production was ob-
For identification of the isolates, the results bé- served after 48 hours in pulp enriched medium (351U
chemical tests, plate assays and colony morphologwhereas; maximum production of 35.8 IU was ob-
were compared with identified ones from Bergey’s served after 24 hours in wheat bran medium by isola
Manual of Systematic Bacteriology (Sneath, 1986).  A. A similar pattern was observed in case of |soRt
Protein measurement: Protein concentration was (Figure 1). Several workers also reported the Biliity
measured by Lowry’s method (Lowrst al., 1951) of wheat bran for xylanase production in solid estat
using Bovine serum albumin. fermentation (Kamble and Jadhav, 2012). But our
study suggests that corncob is the better source fo
RESULTS AND DISCUSSION production of xylanase enzyme.
Isolation of xylose producing strains and screening ~ Effect of temperature on xylanase production: For
for xylanase producing strains. Of the 13 bacterial  Xylanase from both the Bacillus sp., activity wads o
strains isolated from soil collected at selectestyt Served to be gradually increasing with the incregsi
site, three (Isolate A,B,C) formed clear halos abu temperature and found significantly declined atC80
their colonies on xylan agar plates and were giake 50C was found to be the most favourable for enzyme
for further studies. The strain that showed zone ofactivity. Stability of the enzyme was the most impo
clearance around the colony proved its xylanolytic tant factor in studying characteristics. It wasrduhat
ability. All the three isolates were Gram positige  these xylanases were most active atC5@ 60C.
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Tablel. Morphological and biochemical characteristics @& sielected bacterial colonies.

Test I solate A |solate B Isolate C
Gram staining + + +

Spore staining + - -

Colony

Morphology Diffused Round Small round
Margin Serrate Round Round
Elevation Flat Elevated Elevated
Colour Creamish White Yellow Creamish white
Xylanase + + -
Tannase - - -

Lipase - + -
Amylase - - -
Cdlulase - - -
Protease + + -
Carbohydrate test

Starch - + -
Sucrose - + -
Maltose - + -
Lactose - - +
Dextrose - + -
Catalase + +++ ++
Citrate Utilization - - -

Nitrate reduction - - +
Indole test - - -

MR-VP test - - -

Mac Conkey test + + +

Temp. 50°C 40°C 30°C

pH >7 >7 >7

/ == solate C

Isolate B

not only in pulp bio-bleaching processes but atsthe
nutraceutical industryB. badius andK. gibsonii pro-
duced thermoalkalophilic cellulose-free xylanase in
greater amount when grown in submerged conditions
using cheap and abundantly available agro-residual
substrate like corncob and wheat bran. Hencepitea
used for large-scale production of xylanase usirghs

0 =H=[solate A .
‘ agro-residual substrates.
.o((\ \\3@ .\)& ,\\)@ ,Q& .\\)@ =4=Time
S S S D S S .
oy O Conclusion
Sl & il & o & . . . -
& ¢ & ¢ & ¢ Three high xylanase producing bacterial straingtide
N N N fied and isolated wer®. badius, M. gibsonii and B.

Fig. 1. Comparative analysis of xylanase production in two
different mediums at different temperatures.

Kanget al. (Kanget al., 1996) purified two xylanases
which gave the highest activity at ‘B®0and showed
relatively high stability at 5@ temperature. The simi-
lar observations were reported by Mahilraghal. also
(Mahilrajan et al., 2012). The bacterial strains from
this study were also followed the similar pattend a
the enzyme activity was prominent at and abov€50
It has been previously reported that there areelarg
number of alkali stable xylanase producing bact@ia
subtilis, B. halodurans PPKS2, Bacillus AP4, AS11
and F) (Annamalaét al., 2009; Prakaslet al., 2009;
Dholpuriaet al., 2015). The purified xylanase also was
capable of producing high-quality xylo-
oligosaccharides, indicating its application paognt

circulans. The ambient temperature for growth was
50°C for B. badius, 40°C for M. gibsonia and 30°C for

B. circulans and the optimal pH was >7. The produc-
tion of xylanase was observed in wheat bran angd pul
enriched medium and the temperature for growth was
50°C. For xylanase from both the Bacillus sp., attivi
was observed to be gradually increasing with the in
creasing temperature and found significantly declin

at 80C. 50C was found to be the most favourable for
enzyme activity. Stability of the enzyme was thesmo
important factor in studying characteristics. It swa
found that these xylanases were most active ‘& &0
60°C. B. badius andK. gibsonii produced thermoalka-
lophilic cellulose-free xylanase in greater amount
when grown in submerged conditions using cheap and
abundantly available agro-residual substrate lidenc
cob and wheat bran.
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