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ABSTRACT

An agar utilizing bacterium, strain M SL-9 wasidentified as Paenibacillus
sp. The bacterium was capable of utilizing wide range of polysaccharides
such as agar, alginate, carrageenan, starch, xylan and galactomannans. It
was acclimatized to mannan polymer, guar gum (GG) for mannanase pro-
duction. The growth profile and extracel lular enzyme production revealed
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optimal conditionsaspH 8.0, 30°C for agarase (5.66 U/mg) and mannanase
(5.73 U/mg) at 24 hrsand 48 hrsrespectively. The enzymeswere active at

broad range of pH.

INTRODUCTION

Hydrocolloids(Gums) areagroup of hydrophiliccom-
poundsor biopolymerswith diversestructureand func-
tions Among theseind udepolysaccharidesextracted from
plants, dgae (mainly seaweeds) and microbes. Agar, a
structura polysaccharidein cdll walsof somered dgee,
suchasGdidiumand Gradlariaisanimportant jdlifying
agent for biochemicd useandinthefoodindudry. Ageris
composed of two principa components, Agarose (70%)
and agaropectin (30%). Agaroseisthegd ling component
and comprisesalinear chainof dternating 3-O-linked-o-
D-gaactopyranose and 4-O-linked-3, 6-anhydro-f3-D-
gdactopyranosg!. Similarly, gd actomannans, anotherim-
portant group of polysaccharideproduced incertain plants
ascdl wal and storage polysaccharide, are composed of
B-1,4 linked mannopyranoseunitsoften possessingbranch
pointsfromtheir 6-position linked to a-D galactose and
are acetylated at O-2 and O-3 positions depending on
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origin. Severd generaof bacteriathat degradeand utilize
agar and gdactomannanshave beenisolated and charac-
terized. Agarases catalyze the hydrolysis of agar. They
are classfied into a-agarase (E.C.3.2.1.158) and f3-
agarase (E.C.3.2.1.81) according to the cleavage pat-
tern. a-Agarases cleave a-1,3 linkages to produce
agarooligosaccharidesof seriesrelated to agarobiosg?,
while B-agarases cleave B-1,4 linkages to produce
neoagarooligosaccharides of series related to
neoagarobiose?d. Sofar, severa agaraseshavebeeniso-
lated from different generaof bacteriafound in seawater,
marinesedimentsand other environments. Agaraseshave
awidevariety of applications. They havebeen used to
hydrolyze agar to produce oligosaccharides, which ex-
hibitimportant physiologicd andbiologicd activitiesben-
efidd tothehedth of humanbeing®. Besdesthat, agarases
a so haveother usesastoolstoisolate protoplastsfrom
seaweeds® and to recover DNA from agarose gel§9,
andtoinvestigate the composition and structure of cell
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wall polysaccharideof seawesds. Recent progressindon-
ing and sequencing of theseenzymeshasledto structure-
function andysesof agarasd™9. Thisinformationwill pro-
videvauableingghtsintotheuseof thisenzyme.
B-Mannanase (EC.3.2.1.78) is an enzyme capable
of hydrolyzing -1, 4 mannosidic linkages in the main
chain of B-mannans, glucomannans and galactogluco-
mannansyielding manno-oligosaccharides and man-
nose'*. B-Mannanase haswide biotechnol ogical ap-
plications. They areused intextile, paper and pulpin-
dustry, in hydrolysisof coffeeextracts, in detergent in-
dustry, inoil extraction of coconut med, for degradation
of thickening agents, asnon-nutritiona food additives, to
improvethenutritiona vaueof poultry feedg>4,
Theagarases, and mannanase from various bacte-
riaisolated from different sources are plenty and re-
ported e sawherewhil<t, reports on bacteriaproducing
both agarase and mannanase areonly few. Inthiscon-
text, we have sel ected an agar degrading bacterium;
strain M SL-9 utilizing agar as sole source of carbon
and energy. The strain was acclimatized for mannanase
production by providing guar gum (GG) as solesource
of carbon and energy. Utilization of other polysaccha
ridesby the bacteriumisa so reported herewith.

MATERIALSAND METHODS

Bacterial strain and cultureconditions

Themicroorganism wasisolated from seawater,
Colaba, India Theisolation of agaraseproducingstrain
was carried out asdescribed by Lakshmikanth et al*®l.
Anagar degrading bacterium designated asstran MSL-
9 stored at 4°C on minimal mineral salts (MMS) me-
dium-agar slantsin our laboratory was selected. The
MM S medium was used for standardizing the culture
conditionsand optimization of production of extracel-
lular agaraseby M SL-9. Themedium contained (g.I™%)
of thefollowing composition, K_.HPO,, 0.38; MgSO,,
0.20; FeCl,, 0.05; NaNO,, 0.3. The pH of the me-
dium wasadjusted to 7.0 and thiswas supplemented
with agar (0.1%, w/v) asthe sole source of carbon and
energy. Thebacteria cellsweremaintainedonMMS
agar plates/dantsand sub cultured fortnightly.

Culture conditions for acclimatization to
galactomannnan gum

The MM S medium supplemented with guar gum
(0.3%) asonly the source of carbon and energy was
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inoculated with bacteria seed culture previoudy grown
on MM Smediasupplemented with agar. Thecultures
were maintained on MM S-agar (1.5%) and/ guar gum
(0.2%) plate/d antsor LB agar (1.5%)/ guar gum (0.2%)
dantsand sub cultured fortnightly.

Cdl morphology and biochemical char acterization

Thecharacterization of phenotypicfesatures, Gram’s
ganing, matility testsand variousbiochemicd testswere
carried out asdescribed in Bergey'smanual of system-
atic Bacteriology. The 16SrDNA sequencesimilarity
wasperformed for molecul ar identification of thestrain.
Thestrain M SL-9 with agar-degrading activity wasin-
vestigated for assimilation and degradation of polysac-
charides (1.5g.L 1), dginate, cellulose, CM-cdllulosg,
carrageenan, guar gum and starch, which were added
to MM Smedium separately and pH was adjusted to
8.0. The culture supernatant obtained after 24 to 48
hrsof incubation at 30°C wasanalyzed for growth and
degradation of polysaccharide.

In plate assay method for polysaccharide degrada
tiontest, the MM Sbasal medium supplemented with
the polysaccharidewas solidified using agar (1.5% w/
V), inoculated with strain M SL-9 and alowed to grow
for aweek at 30°C. Degradation of starch and agar
was detected by staining with Lugol-siodine solution
whilgt, that of CM-cdllul ose, celluloseand guar gum by
staining with congo red solution.

Production of agar aseand mannanase

In 250ml flasks, 50 ml aliquotsof the MM S me-
dium supplemented with either agar or guar gum (0.3%)
was dispensed and pH of the medium was adjusted
8.0, and then autoclaved at 121°C for 15 min. After
Serilization, theflaskswereinoculated with 1ml of seed
culturegrown for 24 hrsand thenincubated in orbital
shaker maintained at 30°C, 160 rpm. The culture su-
pernatantswereanayzed for enzymeactivities.

Extraction of enzyme

At theend of incubation period, thebacterid cdlls
weresgparated fromthecultureby centrifugationat 10,000
rev.min? at 4°C for 15 mininacooling centrifuge. The
clear supernatant thusobtained used asthecrudeenzyme
source. Theprotein content of enzyme preparation was
determined by themethod of Lowry et.a®.

Agarase assay
The agarase assay was performed as described by
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Lakshmikanth et.al™™ using neocuproin method of
Dygert et.a. One unit of the enzyme activity was
defined astheamount which liberates 1 uM gaactose
per minute under assay conditions.

B-M annanase assay

Mannanase activity was determined by DNS
method*®. Themannolytic activity was defined asthe
amount of enzymethat liberates 1ug of mannose per
minute under assay conditions

RESULTSAND DISCUSSION

| dentification and biochemical char acterization of
strain MSL-9

Themorphol ogical and biochemica properties of
strainMSL-9areaspresented in TABLE 1. Thecells
are rod shaped, motile, spore forming, facultative
anaerobic, Gram positivebacteria. Coloniesgrown on
MM S agar plates are non pigmented, circular, dightly
convex, mucilaginousand cream colored. Positivefor
oxidaseand urease. Citrate, succinate, acetate, fuma-
rate, malate, and oxalate were utilized. Hydrolysisof
casain, starch, carrageenan, and alginate, guar gum, lo-
cust bean gumwasobserved. While, cdluloseand CM-
Cellulosewerenot utilized. Growth wasnot inhibited
by the presence of 5% NaCl. Growth occurred be-
tween 25°C and 37°C, optimal between 28°C and 30°C
at an optimal pH of 8.0. Acid but no gaswas produced
from glucose, galactose, sucrose and mannose.

Based on 16SrDNA sequence ana ogy, thestrain
MSL-9 was identified as belonging to genus
Paenibacillus sp. and designated as Paenibacillus sp.
MSL-9. The nucleotide sequence was deposited in
GenBank (Accession number FJ859876).

Production of agaraseand mannanase

A typica growth profileand agarase production by
Paenibacillussp. MSL-9ispresentedinfigurel. The
agarase production in extracellular medium was ob-
served after 6 hr of incubation of bacteriuminMMS
medium supplemented with agar and reached maximum
at 24 hr of incubation. Whil st, the mannanase produc-
tioninextracellular medium was observed after 12 hrs
of incubation of bacteriumwith GG and reached maxi-
mum at 48 hrsof incubation (Figure2). Theproduction
of agarase and mannanases from Paenibacillus sp.,
MSL-9 at optimal conditionspH 8 and 30°Cispre-
sentedinTABLE 2.

TABLE 1: Phenotypic and biochemical characteristics of
Paenibacillussp. MSL-9

Growth on nutrient broth +
Growth temperature:

5°C

25°C +
30°C +
45°C +

pH range of growth 5.0-11.0
Relation of free oxygen aerobic
NaCl requirement
Morphological features:
Form

Gram staining

Motility

Cultural Characteristics:

rods
Gram positive
motile

Colony
round,mucilaginous
absent

Agar cultures

Pigment production
Hydrolysis of:
Starch

Casein

Gelatin
Carrageenan
Alginate
Galactomannans
CMC

Cellulose

Urea

Indole

MR-VP
Assimilation of carbohydrates:
Glucose
Galactose
Lactose

Sucrose

Maltose
Fructose
Mannitol
Utilization of :
Acetate

Malate
Fumarate
Succinate
Lactate

+ + + + 4+ +

+ + +

+ + + 4+ + + o+

+ + + + +

The mannan degrading enzyme systems have been
describedin agreat variety of bacteriaand fungi species
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andit wasfoundto beinducible. Thereportson marine
isolates producing f-mannanase areonly fen. Many
bacteriaof Paenibacillusspsareknown to degradeand
assmilaeagar and mannan polysaccharides. Bothagarases
and mannanase produced by Paenibacillussp. MSL-9
werefoundto beactivea akainepH and hencehavel ot
of indudtrid potentias. Moreover, thebacteriumiscapable
of utilizing diversepolysaccharidesof different originand
hence can beused in the production of smpleoligosac-
charides, which could serveasstarting materid for pro-
duction of biofue susng gppropriatemicroorganisms.
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Figurel: Thegrowth profileand agarase production from

Paenibacillussp. M SL-9.
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Figure2: Thegrowth profileand mannanase production from
Paenibacillussp. M SL-9.

TABLE 2: Agaraseand mannanase activitiesin crudeen-
zymepr epar ationsof Paenibacillussp. M SL-9.

Carbon Source Enzyme Activity (U/mg)
Agar-Agar Agarase 5.66
Mannanase ND
Guar Gum Agarase ND
Mannanase 5.73

ND-Not Detected.
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