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ABSTRACT

The aim of the present study is to determine the effect of cultural condi-
tions on the xylanase production from Bacillus spsisolated from soil con-
taminated with cotton mill industrial effluents of Chittoor, A.P, India, when
grown on liquid media with rice bran,grass, corn cob and sugarcane bag-
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gage as carbon sources. Among the carbohydrates used in the study,
glucose is found to be best inducer for xylanase production by Bacillus
sps. Yeast extract and potassium dihydrogen phosphate were found to be
best nitrogen and phosphorous sources for optimum xylanase production

by the bacterial isolate at temperature 50°C with pH 9.
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INTRODUCTION

Xylanasesareinducibleenzymeswhich can hydro-
lyze xylans and xylo-oligosaccharides to D-xylose.
Xylanisamaor component of thecell wallsof mono-
cots and hardwoods, representing up to 35% of the
dry weight of plants. Xylanisacomplex polymer con-
sisting of a3-D-1,4-linked xylopyranos de backbone
ubstituted with acetyl, arabinosyl, and glucuronosyl sde
chains. Many bacterial and fungal speciesareableto
utilizexylansasacarbon source. Xylanases have sev-
era applicationsit hasbeen widey used in paper and
pulp industrieswhere breaksthe hemicellulose chains
that areresponsiblefor the closeadherenceof ligninto
the cellulose network. The use of xylanaseareduction

in organo-chlorine pollutants such asdioxinfrom the
paper making processthat generates during chlorine
based bleach. Addition of xylanase stimulatesgrowth
ratesby improving digestibility, whichasoimprovesthe
quality of theanimal litter. Xylanasethinsout the gut
contentsand allowsincreased nutrient absorption and
diffusion of pancreatic enzymesinthedigesta. It also
changes hemicdllul oseto sugars so that nutrientsfor-
merly trapped withinthecell wallsarereleased. Addi-
tion of xylanase modifiesthewhest flour arabinoxylans
and canresult in Making bread fluffier and keeping it
freshlonger. Xylanase playsacrucia rolein brewing
industry whereit can be ableto break hemicellulose
down into sugarsand can also reducethe viscosity of
thebrewingliquid, improvingitsfilterability. Treatment
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of forageswith xylanase (along with cellulase) resultsin
better quality silage and improvesthe subsequent rate
of plant cdll wall digestion by ruminants. Xylanasesim-
provetheextraction of oil from oil-rich plant materia
such ascornail from corn embryos. Xylanase produc-
tion using xylanrich agro-res dues such aswhest bran,
eucayptuskraft pulp, wheet straw, ricebran, rice straw,
sugarcane bagasse and corn cob has been attempted
by several workersusing fungi**>17, bacteri a4,
actinomycetes®101 gnd yeasts'3. These studieswere
performed with athermophilic xylanolytic bacteria spe-
ciesproducing thermo-stablexylanase (55°C), as ther-
mostablexylanasesaremorerd evant for industrid ap-
plication’912, and a so as xylanase production by ther-
mophilic bacteriaunder SSF using corn cob has not
been reported of theenzyme. Cultivation with dternate
carbon nitrogen sourceswas a so conducted

The objectiveof the present study wasto investi-
gate xylanase production by thelocal isolate Bacilus
spsand to evaluate thethermo stability, alkainity and
optimization of enzymeoninexpensvematerias.

EXPERIMENTAL

Materials

Oat spdt xylan (SigmaChemicdsPvt. Ltd., India)
was used for enzymeassay. Solid substratesviz. Rice
bran (RB), Corn cob (CB), Grass (G), Sugar cane
bagasse (SB) were obtained locally, and chopped into
1-2cmparticlesize.

Microorganism

Thebacteria strainused in thisstudy wasisolated
fromloca industrid effluents, of Tirupati, Chittor dist,
A.PIndiaandthegrainwasidentified asBacilluscereus

by standard biochemical tests. The optimum growth
temperature of thisstrain was40°C.

I noculum preparation

Inoculum was prepared by addition of distillted
water to the nutrient agar dants, stored at 4°C and sub-
cultured for further studies. For inolculum preparation
the culturewasgrown at 40°C for 48h and was used to
inoculate 50 ml of fermentati on medium.

Fer mentation medium
Two gramsof finely chopped each solid substrate
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containing one gram of yeast extract and 2gms of
bactopeptone (pH 8.0) weretaken into 250 ml Erlen-
meyer flasksand wereautoclaved for 15minat 15ps.,
cooled, inoculated with 10% (v/w) of inoculum (48 h
old) and incubated at 45°C. At the desired intervals,
the flasks were removed and the contents were ex-
tracted with 50 ml of 0.05 M sodium phosphate buffer
(pH 7.0).

Enzymeextraction

Enzyme was extracted with 50 ml of 0.05M So-
dium phosphate buffer (pH 7.0). It was centrifuged at
5000 rpm for 20 min. Theclear supernatant was used

for enzyme assay.
Xylan solution preparation

1% xylan solutionwas prepared in each of theabove
buffersand it waskept inboilingwater bathfor 5mins.
Thissolutionwasused asthe substratefor carrying out
thetedt.

Xylanase assay

Assaysfor crude xylanase were performed using
0.5% solubleoat spelt xylan (Sigma) in 50 mM sodium
phosphate buffer, pH 7.0 with 1.8 ml substrateand 0.2
ml crudeenzyme. Themixturewasincubated at 60° C
for 15 min. Thereleased reducing sugar was measured
by the 3,5-dinitrosalicylic acid (DNS) methods™. The
color devel oped was measured a 575 nmwith xylose
asstandard. Oneunit (U) of xylanaseactivity isdefined
astheamount of enzymethat releases 1 umol xylose/
min/ml under theabove mentioned conditions.

Effect of pH on enzymaticactivity

The effect of pH on enzyme activity wascarried
out at different pH (6.0-11.0) .The effect wasstudied
inthefollowing buffers: sodium-phosphate buffer, (pH
6.0, 7.0and 8.0); glycine-NaOH, (pH 9.0 and pH 10.0)
and carbonate-bi carbonate buffer (pH 11.0).

Effect of carbon source on xylanase production
by Bacillus sps

Effect of various carbon sources on the xylanase
productionwas assessed by culturing the bacteriumin
the production medium (pH 7.0-7.5) at 40°C with the
supplementation of different carbon sourceslikecorn-
cob, sugarcane bagasse, rice bran and grassat 0.5%
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TABLE 1: Effect of substrate concentrationson xylanase
production by Bacillussps

Xylan concentration (%) Enzyme activity (U/ml)

0.5 3.2
1 3.9
15 3.4
2 3.0

Values are presented in the table are mean of two separately
conducted experiments

TABLE 2: Effect of natural car bon sour ceson xylanase pro-
duction by Bacillussps

Natural carbon source Enzyme activity (U/ml)

Grass 34
Corn cob 8.4
Sugarcane bagasse 9.8
Rice bran 8.2
control 3.9

Activity measured in terms of liberation of glucose/ml/h

TABLE 3: Effect of Nitrogen sour ceson xylanase production
by Bacillus sps

Nitrogen source Enzyme activity (U/ml)

Urea 10.8
Peptone 10.1
Y east extract 10.1
Control 9.8

Activity measured in terms of liberation of glucose/ml/h. Val-
ues are presented in the table are mean of two separately con-
ducted experiments

concentration. Medium with Xylan a same concentra-
tion was used as control. Xylanase activity was mea-
sured by themethod of Miller*3,

Effect of nitrogen sour ceson xylanase production
by Bacillus sps

Effect of various nitrogen sourceson the xylanase
production was assessed by culturing the bacteriumin
the production medium (pH 7.0-7.5) at 40°C with the
supplementation of different nitrogen sourceslike pep-
tone, yeast extract and ureain the xylanase production
medium. After 24 h enzyme activity was estimated.

RESULTSAND DISCUSSION
Inthe present investigation, Xylanase productionon

commercia xylanand natural sources hasbeen stud-
ied. Various parameterslike substrate concentration,

incubation time, temperature, pH and effect of carbon
and nitrogen sources have been standardized to obtain
highest yieldsof xylanase.

Further increasein substrate concentration above
1% waslimiting factor for xylanase activity. It may be
dueto high substrate concentrationinthereaction me-
diumledto unfavorablefor production of enzyme. The
activity of xylanase was observed high (3.91U/ml) in
the medium with 1% xylan assubstrate (TABLE 1).
Similar resultshad al so been empl oyed for streptomy-
ces spga.

TABLE 2 showsthat replacement of xylan by naturd
‘C’ sources in the production medium. The use of all
these naturd sourcesincreased the enzymeactivity. Of
al thenaturd ‘C’ sources, the medium with sugar cane
bagasse had induced 9.8U/ml, the maximum xylanase
activity. Xylanrich crudefibrousbiomaterid swered so
examined for obtain economica advantages. Corncob
and Ricebran wereabletoinduce8.4 u/ml and 8.2U/
ml respectively, whereasxylanase production declined
when grasswasused as ‘C’ source. Similar levels of
xylanase productininduced by crudefibrousbiomaterias
as well as xylan are also found for B.coagulang?,
B.licheniformis 77-218 and Gthermoleovorang?®. In
other end, purified xylan could induce more xylanase
by Bacillusstrain VV 1-41%9 than fibrousmaterial could.

Theeffect of different nitrogen sourceswasinvesti-
gated by replacement of NaNO, by biologically active
‘N, ’sources like peptone, yeast extract and organic Urea
to check the sutability for enzyme production by the
present isolate. TABLE 3 explained theaddition of all
nitrogen sourcestested led to anincreaseintheenzyme
activity than comparedto control. Of dl, ureawasfound
to bethe best N, sourcefor enzyme production, induc-
ingsgnificant levelsof xylanasefor 10.8uw/ml. Theabove
findingswerea so samein the studies oft® where pep-
tone, yeast extract and their combination could induce
significant xylanasewith 14.38u/ml. Theresultsisop-
positeinthecase of B. strain V' 1-419 with corn steep
liquor asthe best N, sourcesfor enzyme production.

pH and temperature

Thecrude xylanse preparation exhibited its maxi-
mal activity at pH 9 using glycine-NaOH (Figure 1).
Below or above pH 9 (6-10), using sodium phosphate
buffer, and carbonate-bi carbonate buffer, had deterious
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Bacillus sps
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Figure?2: Effect of temperatur e on enzyme production by
Bacillus sps
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Figure3: Effect of pH on enzymeproduction by Bacillussps

effect onenzymeactivity. Therdativexylanaseactivity
at pH 8.0was 7.4 U/ml and at pH 9 were 9.1%. Re-
tained thermo stability from pH 7 to pH 9 was quite
closeto the Xylanase of Geobacillus sp.* and supe-
rior to the ones of Paenibacillus sp.[*4, Bacillus
sp.[6919, The incubation temperature range of 30 to
60°C (Figure 2) favored xylanase production and the
maximum yield was attained at 50°C, denoting good

thermostability and thermophilicity of xylanases.
CONCLUSION

The pulp and paper technol ogy isoneof thefastest
growing industriesand theuse of thermaostablexylanases
seemsattractive sincethey providegloba environmen-
tal benefits. However, scaling up of the enzyme pro-
duction fromtherespectivemicroorganismstothelevel
required by theindustry remainsto be seen. Itisalso
worth mentioning that, extremethermophilesthat are
ableto secretexylanase arefew. The search for ather-
mophilewith highyidd of enzymeand thedesired char-
acteristicsisdtill being pursued®. Onthe other hand,
thermostabl e xylanasewere studied from anumber of
bacterid and fungal originsandin themgjority of stud-
iesarefoundto be optimally active at, or near, meso-
philic temperatures (approximately 40.0°C-60.0°C).
Xylanases are also active at pH from 2.0 to 11.02Y,
Theresults obtained in the present study had an opti-
mum pH of 9.0 and temperature of 50°C. Thexylanases
werestablefor morethan 60 min at50°C. Thexylanases
produced by Bacillusstrainsisolated in thisstudy were
stable over awiderange of temperature (40C-80°C).
In addition, the cost of xylanases production will be
greetly reduced withinexpensiveagriculturd substrates
such aswhest bran, wheat straw and corncob.
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