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ABSTRACT

Various Bacillus species were screened for the production of mannanase
in submerged fermentation. Bacillus sp. MG-33 was selected as the most
potent strain for production of enzyme with high activity. Organisim pro-
duced mannanase (13Uml?) in presence of 0.5% guar gum asasole carbon
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sourcein minimal media. Enzyme productionwasincreased by 3.3, 2.5 and
1.0 fold when 0.25 and 1% DL-L eucine, wheat bran and tryptone were
added to the minimal mediarespectively. When increasing (0.1-1.0%) the
guar gum concentration in media then as a result linearly enhanced the

production of mannanase by Bacillus sp. MG-33.
© 2011 Trade SciencelInc. - INDIA

INTRODUCTION

Hemi celluloses are complex polysaccharidesthat
areabundantin higher plant cell walls. Galactomannan
ismgjor softwood hemicellulose contains 3-1, 4-linked
D-mannopyranose and D-glucopyranose units.
Mannanasesaretheenzymesuseful insevera industrid
processes, such asextraction of vegetableoilsfromle-
guminous seedsand thereduction of viscosity of coffee
extracts during the manufacture of instant coffee. In
paper industry, mannanases have synergistic actionin
thebiobleaching of thewood pulp, significantly reduc-
ingtheamount of chemicasused¥. Thegrowinginter-
est in mannanase productionfor Industrid applications
isduetoitsimportanceinthebioconversion of agro-
industria residues. Various mannanases from fungi,

yeastsand bacteriaaswell asfrom germinating seeds
of terrestrial plants have been produced?®. Produc-
tion of mannanase by microorganismsismore promis-
ing duetoitslow cogt, high productionrateand readily
controlled conditions. Inthe present study mannanase
production by Bacillus sp. MG-33 was carried out by
optimization of mediacomponents.

METHODOLOGY

I solation and identification of Bacillussp. M G-33

For the sel ection of mannanase producing organ-
ism soil samplesweresuspended in sterilized water and
their supernatantswere inoculated into amedium, as
described previously!®. After every 24h aloopful of
inoculumswas streaked onto nutrient agar (pH 7.0).
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Theisolatethusobtained wastransferred on locust bean
gum nutrient agar plate (pH 7.0-7.5) by point inocul a
tion. Plates were incubated at 30°C for 3 to 5 days.
Themannanase producing isolatesgave aye low zone
aga ng ared background upon staining with 0.5% Congo
red and destiningwith 1M NaCl.

Mannanaseproduction under submerged fer men-
tation condition (SmF)

Erlenmeyer flask (250ml) contained 50ml of mini-
mal media, (gL™): guar gum, 5.0; NaHPO,, 7.0;
KH,PO,, 3.0; NH,Cl,, 1.0; NaCl, 0.5. Fina pH was
adjusted to 7.0+0.2 with sterilized 10% sodium car-
bonate. Mediabroth wasinocul ated with 1%, 48h old
seed culture of Bacillus sp. MG-33 and incubated at
30°Cfor 72hat 200 rpm shaking conditions. Cell count
of culturewas measured by the CFU of theisolateor
by measuring theoptica density of cultureat 600 nm.

Effect of nitr ogen sour ceson mannanaseproduction

50 ml minimal mediawith 0.5% guar gum was
supplemented with various organic (1.0%, w/v) and
inorganic (1.0%, w/v) nitrogen sources. Themediawas
inoculated with 1% of Bacillussp. MG-33inoculum
and incubated at 30°C under shaking (150 rpm) con-
ditionsfor 72h. Thereafter call growth and mannanase
activity weredetermined.

Effect of amino acidson mannanaseproduction

Theeffect of amino acids (0.25%) on mannanase
production was studied by supplementing different
amino acidsin minimal mediawith 0.5% guar gum.
Mannanase activity and growth of theorganism were
observed for 72h.

Effect of guar gum concentration on mannanase
production

50 ml of minima mediawassupplemented with dif-
ferent concentrationsof guar gum, ranging from (0.1-
1.0% w/v) and inocul ated with 2% of inoculum and
incubated at 37°C under shaking (150 rpm) conditions
for 72h. Theresfter cell count, protein concentration and
mannanaseyield weredetermined.

Enzymeassay

Mannanase activity wasdetermined by usinglo-
cust bean gum (0.5% wi/v) assubstrate. Themannanase
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activity was measured in the terms of the amount of
reducing sugarsreleased from locust bean gum by ac-
tion of enzyme. Reducing sugarsweremeasured by using
3,5-dinitrosalicylic acid (DNSA) method of Miller(™,
Theamount of sugarsreleased (mg ml) were deter-
mined by usng mannose asastandard. Theoneinter-
nationa unit of mannanase activity wasdefined asthe
amount of enzymethat isrequiredtoreeasethe 1lumole
of mannose under standard (pH 6.5 and temp. 65°C)
assay conditions. Mannanase activity wasexpressedin
termsof Uml. Protein wasmeasured by the Lowry’s
method®.

RESULTS

I solation and I dentification of theor ganism

Organism wasisol ated from the soil of Rgjasthan
(Indi@). Identification and taxonomical studiesof theiso-
|ate were carried out according to the standard tech-
niques and protocolsmentioned in Bergey’s Manual of
Systematic Bacteriology!™. Organism was Gram posi-
tive, appearsrod shaped under the compound micro-
scopeat 100X resolution. On nutrient agar platethis
strain produced transparent colonieswith regular mar-
gins, bulged surface. Theisolatewas catal ase and oxi-
dase positiveand was not ableto reducecitrate, MR
and V Ptest were negative and positive respectively.
Organismwas capableof hydrolyzing carboxyl methyl
cdlulose, tributyirin, xylan, locust bean gum, guar gum,
casein but could not hydrolyzestannic acid, pectinand
chitin.

Theisolateexhibited metabolism of D-glucose, D-
galactose, D-sucrose, D-xylose, arabinose and man-
nose accompanied by acid production. The detailed
morphologica, biochemica and physiologicd charac-
teristicsof theisolatearegivenin TABLE 1. Organism
gavethe 13Umi of mannansewhen growninminimal
media contained only salts and 0.5% guar gum asa
sole carbon sourceafter 72h at 30°C at 150 rpm shak-
ing conditions.

Effect of nitr ogen sour ceson mannanaseproduction

Theeffect of variousnitrogen sourceson mannanase
production by Bacillusl SP. MG-33wasexaminedin
minimal mediacontained 0.5% guar gum (Figure 1).
Tryptone gavethe maximum (1.0 fold increased) en-
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TABLE 1: Morphological, Physiological, and Biochemical
Characteristicsof Bacillussp. MG-33

Characteristics Observation

Gram’s stain +ve
Morphology Rods (2.0-2.5 pm)
Spore +ve
Metabolism Aerobic
Motility +ve
Catalase +ve
Oxidase +ve
Nitrate reduction +ve
Methyl red (MR) -ve
Voges prosker (VP) +ve
Citrate +ve
Glycerol -ve
Phenylalanine deaminase -ve
Arginine dihydrolase -ve
Lysine decarboxylase -ve

H,S production -ve
Indole -ve

Growth pH range 5-8 (Optimum 7.0)
25-35°C(Optimum 30°C

+ve

Growth temperature range

Growth in presence of 4-13% NaCl

Hydrolysis profile

Xylan, Urea, Tributyrin, Pectin +ve

Mannan and Casein +ve
Carboxymethy! cellulose +ve
Tannic acid -ve

Starch +ve

Growth in presence of inhibitory compounds

Crystal Violet 0.01 % -ve
Phenal 0.01 % -ve
Growth of organism in presence of 4, 7 & 10%

NaCl ve

Acid from sugar (1%, w/v)
D glucose, D galactose, sucrose, +ve
D xylose, arabinose, mannose

maltose, lactose, mannitol, sorbitol -ve

zyme productionamong theother organicandinorganic
nitrogen sources.

Effect of carbon sour ceson mannanaseproduction

Different carbon sourcesweretried to enhancethe
mannanase production by BacillusSP. MG-33inmini-
mal media contained 0.5% guar gum (Figure 2).
Whestbran stimulated themaximum (2.5fold increase)
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TABLE 2: Effect of amino acidson mannanase production
from BacillusSP. MG-33 at pH 8.0 and 37°C under shaking
conditions

. . Growth  Enzyme activity
Amino acids (0.25%, w/v) Agoonm U mi)
Control 0.79 15
Casaminoacids 0.81 30.2
DL-Alanine 0.61 15
DL-2 Amino-N butyric acid 0.71 21
DL-Norleucine 0.9 46
DL-Leucine 0.81 50
DL-Isoleucine 0.85 31
L-Lysine Monchydrochloride 0.85 35
L-Ornithine monohydrochloride 0.72 26
L-Arginine monohydrochloride 0.81 26
L-Histidine monohydrochloride 0.79 20
DL-B-Phenylaanine 0.72 30.00
DL-Norvaine 0.79 46
DL-Methionine 0.795 19
DL-Aspartic acid 0.79 16
DL-Serine 0.71 18
DL-Tryptophan 0.79 15
L-Glutamic acid 0.85 15
L-Proline 8.2 18
L-Hydroxyproline 7.90 15
DL-Threonine 8.2 15

L-Tyrosine

enzyme production among the other organic andinor-
ganic nitrogen Sources.

Effect of amino acidson mannanase production

From thetried amino acids, leucinemaximaly in-
creased (3.3 fold) the mannanase production by Bacil-
lus SP. MG-33 among the other tried amino acids
TABLE 2.

Effect of guar gum concentration on the manna-
naseproduction

When guar gum was added in various concentra-
tionsbetween 0.1 to 1.0% inthemedium. Therewas
linearly increased in mannanase productionwithanin-
creasing the concentration of guar gum up to 0.4%.
With further increasethe concentration of guar gumin
medium therewas no additional stimulationinenzyme
production by Bacillus SP. MG-33 (Figure 3).

Production of themannanaseby Bacillussp. Mg-
33intheoptimized media

It was observed that 0.5% guar gum, 1.0%
tryptone, 1% wheat bran and 0.25% DL -leucinewhen
added to theminima mediathen higher (50 Uml?) pro-
duction of mannanase was acheived as compared to
the production of enzymein soleminimal media (13U
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Figure 1 : Effect of various nitrogen sources (1%) on the
production of mannanase by Bacillussp. M G-33in minimal
mediaat 30 °C, pH 7.0at 150 rpm for 72H
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Figure3: Effect of guar gum concentration on theproduction
of mannanseby Bacillussp. M G-33

ml) under smilar environmenta conditions(Figure4).
DISCUSSION

Bacillus SP. MG-33 wasisolated from the soil, it
produced ahighyield of mannanasewithout the use of
any expendvenutrient component. Organismwasgram
positivewithrodsand grown well inthe temperature
and pH range of 25-35°C and 5.0-9.0 respectively.
Thisorganismisasuccessful environmenta sgprophyte,
because it hydrolyzes the carboxymethyl cellulose,
starch, locust bean gum, guar gum, pectin, urea, casein
and tributyrin. Mabrouk et a 1% reported that different
Bacillus specieswere screened for the production of
mannanase. Bacillusamyloliquefacienswas selected
asthe most potent in producing enzyme of high pro-
duction. Utilization of variousagro-industrial residues
on mannanase productionwaseva uated. Potato pedls
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Figure 2 : Effect of different carbon sources (1%) on the
production of mannanase by Bacillussp. M G-33in minimal
mediaat 30°C, pH 7.0at 150rpmfor 72H
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Figure4 : Time coursefor growth (O.D, 600nm & CFU),
mannanaseproduction, pH shift and protein concentration by
Bacillus SP. M G-33 in the optimized media (0.5% guar gum,
1.0% tryptone, 1% wheat bran and 0.25% DL -leucine) at
30°C, initial pH 7.0and 150rpm for 72h
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at aconcentration of 14 g/l wasfound to bethe most
effective carbon source. Addition of simple carbon
source to media containing potato peels cause cata-
bolic repression of mannanasesynthesis.

Santiago et a.[*¥ reported that mutant strains of
Aspergillus niger, GS1-S059 and GS1-S067 signifi-
cantly increased their level of mannanase, xylanaseand
cellulase production, compared to the parentd strain,
improving their potentid industria applications. Maria
et al.'? reported Scopulariopsis candida strains
LMKO004 and LM K008 wereisolated from the solar
sdternand cultivatedin Vogd ’s medium supplemented
with NaCl and locust bean gum as a carbon source
produced 180 nkat mi* and 116 nkat ml of mannanase
respectively. Petrus et a ™ reported that 13-fold in-
creasein enzyme production by the successful expres-
sion of f-mannanase gene of Aspergillus acul eatus
MRC11624 in Aspergillus niger under control of the
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A. niger glycera dehyde-3-phosphate dehydrogenase
promoter (gpdP) and the A. awamori glucoamylase
terminator (glaAT). Thehighest reported mannanase
production is 18,403 nkat ml-* and was achieved by
the heterol ogous express on and characterization of man
genefrom Bacillussubtilisin Pichia pastoris Qiao et
a4,

Thedemarkabledifferencesintheenzyme produc-
tion by the use of different nutritional sourceswasnot
understood, it may be dueto different requirementsby
theisolate. It was observed that mannanase production
was enhanced by different amino acidsand their ana-
loguesto avariable extent but therewasnot much dif-
ferenceingrowth of theorganism. Severa studieshave
aready established that amino acidsareresponsblefor
enhancing the production of several enzymessuch as
[-galactosidase and xylanase . But particularly the ef-
fect of aminoacidson mannanase productionisnot com-
mon. Bhoriaet a .1 reported that mannanase produc-
tion was enhanced by 7.3 fold when 0.5% soyabean
meal and 0.25% of leucinewere added to the minimal
media

The present work indicated that mannanase pro-
duction was not only induced by guar gum present in
the medium, but was a so enhanced enzyme produc-
tion by whestbran and tryptonein production medium.
Moreover, thisfact has already been established that
amino acidsareresponsiblefor increasing the produc-
tion of mannanase by prokaryotes®.

CONCLUSION

Optimization of different nutrient componentsfor
the production of mannanase by newly isolated Bacil-
lus SP. M G-33 wasachieved successfully. Further work
will be doneto clonethismannanase genein order to
elucidatetheregulatory control of production of en-
zymein Bacillus SP. MG-33 being carried out.
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