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ABSTRACT

The production of polygalacturonase (PG ase) bgaally isolated aerobic bacterium, Bacillus
sp. in submerged fermentation (SmF) was optimizkd.effects of the fermentation parameters
namely initial pH, temperature, cultivation timedanitrogen source on enzyme production were
studied using both pure pectin and citrus wastethassole carbon source. Polygalacturonase
from the strain was maximally secreted at 37°QijahpH 7.0 with 0.15% (w/v) of pure pectin
as sole carbon source. Among citrus wastes, 1%) (@range peel and lemon peel gave the
most promising results at pH 7 and 5 respectivelyyptone was found to be the best nitrogen
source for enzyme synthesis. Under optimized dondijt highest PG ase production was
achieved at 24 hour, at mid stationary phase of growth of theistr The enzyme was extremely
thermostable and 75% of the activity was restonegheafter the exposure of the enzyme protein
at 80°Cfor 90 minutes. The enzyme was 86% statdébnoad range of pH of 4 to 9. The PG ase
activity was found to increase in presence of Mand also by addition of exogenous thiols like
DTT, Cysteine, GSH indicating the presence af trioups at the active site.

Keywords: Polygalacturonas@&acillus sp, pectin, citrus wastes.

INTRODUCTION

Pectin is a family of complex polysaccharides tt@ttain 1,4-linkedx-D-galactosyluronic acid
residues [1]. Although it is a natural part of humrdiet, it does not contribute significantly to
nutrition and goes through the small intestine nwrkess intact. Enzymes that hydrolyze pectic
polymers are broadly known as pectinases and mairpbctinaes have tremendous potential to
offer mankind [2].Amongst the pectic enzymes, palacturonases (EC 3.2.1.15 ) catalyze the
random hydrolysis of 1,4-D galacturonic acid linkages in smooth region et [3] and have
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attracted the attention of scientists from biotextbgy or pharmaceutical industry because they
are protein enzymes relevant to phytopathogenssiona fruit ripening, and potential
antimicrobial drug targets [4] . Commercially, pease has a share of 25% in the global sales of
food enzymes [5] and is added to livestock feetdlp the animals for better digestion of the
food and are also sold as nutritional supplementshfimans to aid digestion . The pectinase
production from microorganisms has been reportedeurboth submerged and solid state
fermentations [6] . At present almost all the paallytic enzymes used for industrial applications
are produced by fungi and there are a few repdnppectinase production by bacterial strains [7].
Hence an extensive research is warranted to is@ateacterial strain for production of
polygalacturonase within a short period of time atdndardization of the conditions for
maximum production of the enzyme in a cost effectiay.

The aim of the present study was the optimizatidnpmduction parameters for exo-
polygalacturonase from potent soil isolated baalestrain by submerged fermentation of citrus
agro wastes and characterization of the enzymeupsatl

MATERIALS AND METHODS

Chemicals

Pectin and D-galacturonic acid monohydrate werainobtl from Sigma Chemicals Co. (St.
Louis, MO, USA). All other chemicals were of anatg grade. Various pectin wastes like peels
of citrus fruits were collected from domestic andrket effluents. Those were dried, pulverized
and sieved as 40 mesh particle size before usifegnmentation media in place of pure pectin.

Microorganism

A strain of Bacillus sp. was isolated from the decaying vegetation badcsoil of Presidency
University, Kolkata. The strain was repeatedly sultured on pectin plates and maintained at 4
°C for further studies.

Cultivation of the Strain

The strain was cultivated in 100 mL ErlenmeyerK$asach containing 10 mL Basal Medium
(BM) composed of (g 1): peptone 0.9; (Ni.HPQ, 0.4; KCI 0.1; MgSQ.7H,0 0.1 and pectin
0.15. (pH: 7) for 36 hours.

Measurement of Growth
The growth was measured by turbidometric meth@batnm [8] .

Enzyme Assay

The grown culture was centrifuged at 10,000 rpmbfonin at 4°C and the supernatant was used
as the crude enzyme. To measure the activity ofgatdcturonase, the assay mixture (1 mL)
containing an equal volume of enzyme and 1% ( vkgtin dissolved in 0.1(M) phosphate
buffer (pH-7) was incubated at 37°C for 15 min. Thducing sugar released was measured by
the dinitrosalicylic acid method [9]. Blanks wenepared with inactivated enzymes .One unit of
enzymatic activity (U) was defined as aqoeol of galactunoric acid released per minute [10] .
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Pectin waste Materials

Various pectin wastes were collected from domesie market effluents, agricultural fields and
temple wastes. Those were dried, pulverized anegdias 40 mesh patrticle size before using in
fermentation media in place of pure pectin.

Optimization of other Parameters

The concentrations of agro wastes used as solertaburce were varied to optimize the
substrate concentration of submerged culturBaidillus sp. The optimum pH was determined
by adjusting the initial pH of the fermentation reedt a range from 4.0-9.0. Most favorable
production temperature was studied by incubating tiroduction medium at different
temperatures (7°C, 17°C, 27°C, 37°C, and 47°C).sTaly the effect of concentration of
optimized carbon source for maximal enzyme produgtpure pectin as well as the citrus wastes
were used at different concentrations (0.03% tov3%) in the production media. Similarly, the
effects of various nitrogen sources namely peptgaast extract, ammonium chloride, tryptone
and urea 0.09% (w/v) were tested. Each experimastaarried out in triplicate and their values
were averaged. The time course of growth and enpnoguction by the strain under optimized
culture conditions was studied by checking the ereyproduction kinetics fro 0 to 36 hours at
37°C.

Enzyme characterization

The stability of the enzyme at different pH valwess studied by incubating the enzyme (0.5ml)
with buffers presenting pH from 4.0 to 9.0 was kep37°C for 120minutes followed by the

estimation of the residual activity. Thermostakilkinetics was determined by exposing the
pectinase at 80°C for 0 — 90 minutes in water laith then estimating the residual activity. The
effect of metal ions and thiol compounds was messby incubating the enzyme at 37°C for 30
minutes with the additives at a concentration ahlDfollowed by the assay of enzyme activity
in usual procedure.

RESULTS AND DISCUSSION

Out of the 14 bacterial isolates obtained, strabilAvas selected for further studies. The strain
was identified by their basic morphology and bicolel properties according to Bergey’ s
Manual of Systematic Bacteriology [11] Bacillussp.

Among the carbon sources used, pectin gave theab#sity for production of PGase followed
by other citrus pectins present in the peels oh@ealemon and sweet lime (Fig 1) suggesting
that the organism utilized pure pectin more effithgas compared to citrus pectin.

The maximum enzyme activity was obtained when thigal pH of the production media
supplemented with pure pectin and orange peel aépested to 7.0 (Fig. 2), and there was a
sharp decrease in enzyme activity at pH of 9.0. pleference for a neutral pH for PG ase
production was similar to that @acillus sphaericu$7] and othemBacillus strains [12].0n the
other hand, lemon peel containing medium showeghdst PG ase production at pH 5.0, similar
to the optimum pH reported from the fungal strdit® , [14].
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Fig 1.Effect of various substrates as inducer of gdygalacturonase production byBacillus sp AD 1
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Fig 2. Effect of pH on Polygalacturonase productiomy Bacillus sp AD 1

Most favorable production temperature for PGaseyeton by Bacillus sp AD 1 was found to
be 37°C (Fig 3).Generally an optimal temperatur@@iC was found for PGase production by
Aspergillussp. [15] andPeacilomyces clavispory4?2] and a higher temp of 50°C was required
for Bacillus subtilisCM5 [6].
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Fig 3. Effect of cultivation temperature on Polygahcturonase production byBacillussp AD 1
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Fig 4. Effect of substrate concentration on Polygakturonase production byBacillussp AD 1

Enzyme synthesis as found to increase graduallly imitrease in substrate concentration and
highest production was achieved at 0.15% (w/v)weectin was used. The enzyme synthesis
decreased drastically with further increase in sabs concentration, which might be due to
enzyme limitation. On the other hand, 6.7 timedh&rgconcentration of substrate was essential
for PGase production from citrus wastes which iatid the presence of relatively lesser amount
of degradable pectin molecules in these citrugesgas
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Fig 5. Effect of various nitrogen sources on Polyacturonase production byBacillus sp AD 1
Of the various nitrogen sources used, maximum PGasetivity was observed when tryptone was used (Fig),
although this increase was not so prominent in cagé pure pectin supplemented medium. Ammonium
chloride could not bring about any notable increasga result contrary to [16], and urea reduced the B ase
production in all types of substrates.

05 1200
041 to00 £
=) 3]
2 0.3+ o _
< S E
s +600 £E
z 0.2+ 27
o g
© ©
f30 $
0.1 + =
o

0+ 0

1246 810111314162024263034

Cultivation time (hr)

| —O— Grow th (A650) —&— Polygalacturonase activity (U/ml) |

Fig 6. Kinetics of growth and polygalacturonase pwduction by Bacillus sp AD 1
(Substrate: 0.15% pure pectin, pH: 7.0, temperature37°C)

When the growth and enzyme production profileBafcillus spAD 1 was studied, a rapid
increase in biomass during the first 8 hours ofmfamtation and then after 14 hour the growth
became almost stationary probably due to exhaustianutrients in the culture medium. The
enzyme production started increasing after 8 handsreached its maximum after a period of 24
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hours (Fig 6) after which it gradually declined.iShwas relatively a very rapid rate of
production in comparison to that already reporteairss of bacteria and fungi which were 72-73
hours [17, 18, and 19].

The optimum pH of the extracted enzyme was fountde®.0 (Fig 7), which was higher than
those reported from other PG ase secreting bakfg#pand fungal strains [13, 20, 21, 22, 23].
The enzyme was found to be stable at a broad pgkrah4 to 9, which would be advantageous
during industrial applications of the enzyme.

The optimum temperature of the enzyme was foungetat 60°C (Fig. 8), slightly higher than
that reported from different microbial strains [2@,21,23].
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Fig 7. Effect of pH on activity and stability of plygalacturonase fromBacillussp AD 1

The thermo inactivation kinetics of PG ase (Figi®wed that 75% the residual enzyme activity
was retained even after 90 minutes of exposur@d@@ &dicating the thermostable nature of the
enzyme. This thermostability would make the enzapglicable for commercial use.

Addition of various mono and divalent ions, suréats and thiol compounds (Table 1) indicated
that amongst metallic ions tested, only #eould increase the enzyme activity. The ability of
the exogenous thiol compounds like dithiothritoll{D, reduced glutathione (GSH) and cysteine
to enhance the activity of the enzyme revealedpiiesence of thiol at the active site of the
enzyme.
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Fig 8. Effect of temperature on activity of polygéacturonase fromBacillussp AD 1
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Fig 9. Thermo inactivation kinetics of polygalaatronase fromBacillussp AD 1 exposed at 80°C.

The working strain being a rapid producer of polggaronase from citrus wastes might be used
for the commercial production of the enzyme. Sulbstin of pure pectin by citrus wastes could

not only reduce the cost of the enzyme, but opeavanue for successful waste utilization. The
high thermostability and the broad pH stabilitytieé enzyme made it convenient for application
in food processing, pharmaceutical and distilleguistries.
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Table 1. Effect of various additives on the actity of the polygalacturonase fromBacillussp AD 1

Additives (10mM)  Relative activity (%)

None 100
Na 72.7
K* 68.2
ca* 72.7

Mn?* 136.4
Hg** 22.7
Cu** 58.2

Mg* 68.2
Fe* 86.4

DTT 131.8

pCMB 65.5

GSH 131.8

Cystine 90.9
Cysteine 118.2
Tween 20 72.7
Tween 40 90.0
Tween 80 81.8
EDTA 50
Beta Marcaptoethanol ND

100% activity: 1030U/ml
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