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ABSTRACT

This study investigated pectinase production arntihopation by bacterial strain MFW?7 isolated fronuif market
wastes. Initial screening process identified thetbgectinolytic strain and it was characterized b§S rDNA
sequencing and designated as Bacillus sp. MFW?7 ptinfization of process parameters were carried byt
altering the physico-chemical environment of theduction medium. High pectinase production was oeskat 72
h of incubation at 35°C with the initial pH of 6. 8arious nutrients were investigated in terms @itleffect on the
production of extracellular pectinase using Cassavaste as substrate. Lactose in combination withtqree
supported maximum pectinase production. Purifiectipase showed a molecular weight of 37 kDa obskiye
means of SDS-PAGE.
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INTRODUCTION

There is an increasing energy demands worldwidartdsvthe utilization of renewable resources, frgmcaltural

and forest residues. The major components of thesidues are cellulose, lignin and pectin [1]. Ehesaterials
have paid more attention as an alternative feelstod energy source, since they are abundant/yedai Several
microorganisms are capable of using these substaasearbon and energy sources by producing aawviast of
enzymes in different environmental conditions [2].

Pectinases are the group of enzymes that catallieedegradation of pectic substances through dagvmsization
and de-esterification reactions [3]. Pectinolytizygmes are classified according to their mode dibacon the
galacturonan part of the pectin molecule. Pectmdmsae major applications in food industries far groduction
and clarification of wines and juices [4].

In the world market, pectinases accounts for ald@% of total enzyme production. Pectinolytic enzgnee
produced by many organisms like bacteria, fungasy® insects, nematodes, protozoan and plantghadf
microbial pectinases possess more advantages smwalves in the phytopathologic process, plant—oler
symbiosis and the decomposition of dead plant rizdgd3].

Many studies have been conducted on the produofigectinases from various microorganisms. Butva fierks

have been published about cost-effective producifoenzymes. The difficulties to obtain the apprajg substrate
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might be the biggest problem to develop such studiesuitable substrate should be cost-effectivktarprovide all
necessary nutrients to the microorganism, if atiould be necessary to supplement them exterf&lly

There are different low-cost substrates like cassamaste which is used for cost-effective productainthe
pectinase enzyme [6]. In this paper we report tieelyction of pectinases by a newly isolated stadiBacillus sp.
by submerged fermentation using cassava waste.

MATERIALSAND METHODS

Sample Collection and Screening for Pectinase Producers

Bacteria for the production of pectinase were twaldrom soil sample collected from fruit marketyednai. The
sample was diluted and spreaded on nutrient agsegphnd incubated at 37 °C for 48 h. The isoletdohies were
picked up and streaked on nutrient agar platesstggre culture. Screening of pectinase producexgdsia was
carried out in pectinase screening plate [7] coimgi (g/l); yeast extract-1, ammonium sulfate-2 ,HR0O,-6,

KH,PQO;-3, citric pectin 5, Agar 20 (pH 4.0). After 24 icubation, the colonies sowing clear zones upandfttg

with 1% cetyltrimethyl ammonium bromide were confed as pectinase producers and the colony with mani
zone diameter was preceded for further studies.

I dentification of the Bacterial Strain

The bacterial strain was identified by morpholobiciaaracteristics as well as comparison of 16S rDjéfe [8].
Genomic DNA (gDNA) of the bacteria was isolated®yAB method. Partial DNA fragment of the 16S rDNAsv
amplified by polymerase chain reaction (PCR) usigipPNA as template. The primers (63f'-5
CAGGCCTAACACATGCAAGTC and 1387r '56GGCGGWGTGTACAAGGC) used were designed from the
conserved sequences of bacteria by Marchesi gBlal.The phylogeny and family of the bacterial stravas
accessed using BLAST search.

Substrate

Cassava waste (g/100g dry residue); moisture: 1,1s286ch: 63.0%, crude fibre: 10.8%, crude prot8i8% and
total ash: 1.2%), was collected from local Stargtiaetion industry in Chennai. The cassava waste ov&n dried
(80 °C for 24 h) [6] and the powder was stored &E4ill use.

Pectinase Production M edium

A basic liquid medium showing the following compasi (g/l): Cassava waste 0.3, Sucrose 10, KNGS,
KH,PO,-1, MgSQ 0.25, Cad 0.1, NaNQ 2, K;:HPGO; 0.5, KCI 0.5 and yeast extract 1 [10] was usedtlier
production of pectinase. Erlenmeyer flasks contgrl00 ml of basal medium amended with 3% cassastev
were inoculated with one ml of overnight grown feaia culture and incubated for 3 days at°@7under agitation
(125 rpm). The culture medium was centrifuged dr@dsupernatant was used as crude enzyme source.

Quantitative Assay for Pectinolytic Activity, Biomass and Protein Concentration

The quantitative assay of pectinase was done mgystctin as substrate [11]. The reaction mixtumgaining 0.5
ml of the crude enzyme and 0.5 ml of pectin in 0.4détate buffer with pH 6.0 was incubated at 4G0fCLO min.

The reaction mixture was then added with 1 ml ofSfdagent and the mixture was boiled for 5 minGat®. One
milliliter of Rochelle’s salt was added to stop teaction. The absorbance was read at 595 nm. &thmilicose
solution was used to generate standard graph. Gih®fuPectinase activity was defined as the amadirgnzyme
which liberated 1um glucose per min. Bacteria bissnaas determined by measuring the absorbanceOanr@0
[12]. The total soluble protein was determined bsd3ord method [13] using BSA as standard.

Effect of Incubation Time, Temperature, pH and Substrate Concentration

The bacterial isolate was subjected to differertuce conditions to derive the optimum conditioms pectinase
production. Growth and pectinase production wetienased at regular time intervals (12, 24 36, 48,96, 120 and
144 h) and selected temperatures (25, 30, 35,2BGand 55 °C), substrate (cassava waste) coatiens (0.5,
1.0,15, 2.0, 2.5, 3.0 and, 3.5%) and pH (3.5,8.5%, 6.5, 7.5, 8.5, 9.5). All the experiments evearried out in 500
ml Erlenmeyer flask containing 100 ml of basal nuedli
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Effect of Carbon and Nitrogen Sources

Carbon sources such as glucose, maltose, lactaseh sxylose and sucrose, and nitrogen sourcds asipeptone,
urea, yeast extract, KNONH,CI, and NaNQ were supplemented as individual components td#sal media to
check their effect on pectinase production.

Extraction and Purification

The crude enzyme source was precipitated by 65&6atain of ammonium sulphate. The precipitate wiasaived

in NeHPO,-KH,PQ, buffer (pH 6.0) and separated by ion exchangermhtography [14]. The enzyme solution
was applied to sepharose column (1.0 cm x 20 cexepuilibrated with NaHPO,—~KH,PQ, buffer (pH 6.0). The
flow rate was adjusted to 18 ml/h and the fractiaith maximum enzyme activity was pooled and cotreted.
Homogeneity of the fraction containing pectinasviag was checked by SDS-PAGE as described below.

SDS-Polyacrylamide Gel Electrophoresis

The pectinase purified frofacillus sp. MFW7 was electrophoresed according to Laemmli.[Biuots of 20ul
were loaded onto a 12% SDS polyacrylamide linesoluing gel overlaid with a 6% stacking gel. Gelsre/stained
with Coomassie Brilliant blue R-250.

RESULTSAND DISCUSSION

Enzyme production is one of the broad areas ofeblotology which accounts for about 1.5 billion loé tworld
market[10]. The enzymes of microbial origin were found torbere advantageous than others. In the present study
production of pectinase using cassava waste wagdaut and the production conditions were optédiz

The serially diluted soil samples were screenedpfectinase producing bacteria. Out of 17 bacter@avg on
screening medium, only 7 strains showed clear zames found as pectinase producers. The strains there
purified using repeated subculture using NA plated stock culture was maintained in NA slants.

Identity and phylogeny of the isolate was analyssidg 16S rDNA analysis. The strain shows maximiumilarity
ratio towardsBacillus spp. using BLAST and hence the isolate was alsfiroaed asBacillussp. and submitted to
Genbank (Genbank accessid@904291). Of the many microorganismagillus spp. are known to produce variety
of extracellular enzymes and they have a wide ravfgandustrial applications [16]. The bacterial @oy with
maximum zone diameter was selected as the best atrd preceded for further studies.

The best strain was studied in detail for the ereymroduction with respect to development of lowtarsd easy
available medium ingredient. The culture was furgereened for pectinase production by submergedefigation
using cassava waste as substrate. Studies on pimodaad secretion of pectinase are important teld® enzyme
systems which could be directly used for converbimmass into enzymes.

Of the various wastes accumulating in the enviramim€assava wastes were considered as the mosinpirezht
substrate due to its vast usage in starch progessitustries in India [6]. The cassava wastes stssif nutrients
which can acts as nutrient source as well as satbstfor the production of various enzymes and éeitovas
attempted to study on its role as substrate fotiqese production.

It is essential to optimize the fermentation medifon cost-effective production of pectinase. In m@bged
fermentation the pectinase production reached maxirat 96 h of incubation. Further increase in iratigm period
did not show any significant increase in pectinpseduction rather it was decreased. Thus, optimume tof
pectinase synthesis was to be 96 h after inoculdka. 1).
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Fig. 1: Growth and enzyme activity profile of Bacillus sp. MFW7 With respective to different incubation time

The pectinase production Bacillus sp. MFW7 was found maximum at 35 °C. Further iaseein the temperature
results in the decrease of pectinolytic activitpwéver, the temperature of the fermentation medias found to
be optimum at 35 °C (Fig. 2). When temperaturdtesred below or above the optimum the activity éxdtased or
becomes denatured. The maximum production of pestirenzyme was obtained at 37 °C byBheillus subtilis
isolated by Arpita et al. [17].
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Fig. 2: Growth and enzyme activity profile of Bacillus sp. MFW7 With respective to different temperature

Fig. 3 depicts the effect of different pHs on theduction of pectinase bBacillus sp. MFW7 The maximum
production of pectinase was obtained at pH 6.5r@mte, considered as optimum. Increase in pH fudbereased
the production of enzyme. Orange peel as substtaiee concentration of 1% with the pH of 7.0 wasnd to be
optimum for pectinase production Bgacillussp. [17].
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Fig. 3: Growth and enzyme activity profile of Bacillus sp. MFW7 With respectiveto different pH

The cassava waste at the concentration of 1% eesinltmaximum enzyme productivity (Fig. 4). Belondaabove
the optimal concentration showed decrease in ptodiyc This reduction in the enzyme production whse to the
decrease/limited inoculums concentration [10].
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Fig. 4: Growth and enzyme activity profile of Bacillus sp. MFW7 With respective to different substrate concentration

Supplementation of carbon sources in the form obafaydrates resulted in marginal increase in pasén
production byBacillus sp. MFW7 during fermentation using cassava waste (Fig. 5¢hékt production was
observed with lactos&he synthesis of pectinase was greatly suppresked the bacterium was grown either on
glucose, maltose, or sucrose, but pectinase produetas found to be good when the bacterium wasvigron
lactose. In concurrent to our results, citrus peatid xylose were reported as best carbon sourdfdopectinase
production byBacillus sphaericu§l8].
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Fig. 5: Growth and enzyme activity profile of Bacillus sp. MFW7 With respective to different carbon sources

The Organic sources like peptone and inorganic cesulike NHCI were found to stimulate the pectinase
production (Fig. 6). Peptone was considered asiib potent nitrogen source for pectinase prodn@imongst the
tested nitrogen sources. Tryptone also servedtter Inéirogen source for pectinase production [17].
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Fig. 6: Growth and enzyme activity profile of Bacillus sp. MFW7 With respective to different nitrogen sources

From the culture filtrate, pectinase was precipilabut with the help of ammonium sulphate and timthér
purification was done using stepwise chromatograpsipg sepharose column [19]. The enzyme was ptetEd
with ammonium sulphate followed by DEAE-Sephacel 8ephadex G-150 column chromatographies.
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The purified pectinase was characterized by SDS{PAGalysis in denatured conditions. The moleculaight of
the pectinase was known by the formation of sithgled in gel adjacent to marker and was found t87bkDa. The
microbial pectinases possesses the molecular weighes between 35 and 79 kDa [20].

CONCLUSION

The bacteriunBacillussp MFW?7 produced significant amount of pectinaseradéh of incubation in fermentation
medium at 35 °C and pH 6.5. Maximum enzyme produactvas with lactose as carbon source, peptoneragai
source and cassava waste as substrate. This $ustyated that the usage of cassava wastes abstrate for
pectinase production. To conclude, this enzyme rayfurther scaled up for juice production afterealr
investigations.
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