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ABSTRACT
Polygalacturonases are responsible for the degradation of the long and complex molecules called pectin
that occur as structural polysaccharides in the middle lamella and the primary call walls of young plant
cells. Pectinases are an integral part of fruit juice and textile industries as well as having various
biotechnological applications. Polygalacturonase was produced by SMF using an isolate Bacillus subtilis.
The enzyme was purified and the purity was judged by SDS PAGE. A preliminary structural and physicochemical characterization of polygalacturonase has been performed by N terminal sequencing, accurate
molecular mass determination by MALDI-TOF mass spectrometry and secondary structure analysis by
circular dichroism.
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1. Introduction
Pectinases were some of the first enzymes to be used in homes. Their commercial application
was first observed in 1930 for the preparation of wines and fruit juices. Only in the 1960s did
the chemical nature of plant tissues become apparent and with this knowledge, scientists began
to use a greater range of enzymes more efficiently. As a result, pectinases are today one of the
upcoming enzymes of the commercial sector. Primarily, these enzymes are responsible for the
degradation of the long and complex molecules called pectin that occur as structural
polysaccharides in the middle lamella and the primary call walls of young plant cells. Pectinases
are now an integral part of fruit juice and textile industries as well as having various
biotechnological applications.
Chemically, pectic substances are complex colloidal acid polysaccharides, with a backbone of
galacturonic acid residues linked by a (1±4) linkages. The side chains of the pectin molecule
consist of L-rhamnose, arabinose, galactose and xylose. The carboxyl groups of galacturonic
acid are partially esterified by methyl groups and partially or completely neutralized by sodium,
potassium or ammonium ions. Based on the type of modifications of the backbone chain, pectic
substances are classified into protopectin, pectic acid, pectinic acid and pectin (Miller, 1986).
Polygalacturonases (PG). Catalyze hydrolysis ofa-1, 4-glycosidic linkages in pectic acid
(polygalacturonic acid).
In this work polygalacturonase was produced by SMF using an isolate Bacillus subtilis. The
enzyme was purified and the purity was judged by SDS PAGE. A preliminary structural and
physico-chemical characterization of polygalacturonase has been performed by N terminal
sequencing, accurate molecular mass determination by MALDI-TOF mass spectrometry and
secondary structure analysis by circular dichroism.
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2. Material and methods
2.1 Bacterial isolation
The bacteria was isolated from the soil and pure cultures were prepared. The isolated pure
cultures were screened for extracellular polygalacturonase using agar media containing pectin as
a substrate.
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2.2 Polygalacturonase assay
Polygalacturonase activity was assayed by the colorimetric method
of Miller (1959). 0.5 mL of supernatant was incubated with 1.0%
of pectin at 40 0C for 10 min under static conditions. After adding 3
mL of di nitro salicylic acid, the mixture was boiled for 15 min and
finally diluted to 5 mL with distilled water. The absorbance was
measured at 540 nm.
2.3 Purification of polygalacturonase
150 mL of cell free supernatant was fractionated by precipitation
with ammonium sulphate between 30-90% of saturation. The
saturated solution was left overnight at 4 0C, centrifuged at 12,000
rpm for 20 min, dissolved in minimal amount of 10 mm Tris HCl
buffer at pH 8 and dialyzed against the same buffer for 24 h at 4 0C
[2]
. The enzyme sample was subjected Ion exchange
chromatography [3] using anion exchanger, DEAE Sephacel was
packed into a glass column (15 X 0.55 mm, 10 mL bed volume).
The column was equilibrated with Tris HCl buffer (20 mm, pH7.5)
and 3.0 mL sample was loaded onto it. The column was washed
with Tris HCl buffer containing 20, 30, 40, 50, 100 and 150 mm
NaCl concentration. Fractions of 2.5 mL volume were collected.
The protein content of the fractions was measured
spectrophotometrically at 280 nm and the polygalacturonase
activity was assayed by the method described earlier. The fraction
showing polygalacturonase activity was pooled, concentrated and
saved for further analysis.
Sodium do decy l sulphate polyacrylamide gel electrophoresis
(SDS-PAGE) was carried out in 3 mm slab gel of 6% acrylamide in
Tris borate buffer at pH7.1 containing 0.1% SDS. The gels were
stained with Coomassie brilliant blue R-250 and destained by
keeping in destaining solution [4].
2.4 N-Terminal Amino Acids Sequencing by Edman
Degradation
PG, separated by SDS-PAGE, was transferred onto a PVDF
membrane and directly subjected to Edman degradation [5, 6].
2.5 MALDI-TOF Mass Spectrometry of Native Protein
Mass spectrometry analysis of native protein was performed with a
MALDI-TOF micro MX (Waters Co., Manchester, UK) equipped
with a pulsed nitrogen laser (_=337 nm) [7]. The instrument source
voltage was set to 12 kV. The pulse voltage was optimized at 1999
V and the detector voltage was set to 5200 V. Measurements were
performed in the mass range m/z 10000-60000, with a suppression
mass gate set to m/z 3000 to prevent detector saturation from
matrix cluster peaks and with an extraction delay of 600 ns. Prior to
the acquisition of spectra, 1L of protein solution (10 pmol/_L) was
mixed with 1L of saturated sinapinic acid matrix solution [10
mg/mL in acetonitrile: water containing 0.1% trifluoroacetic acid
(1: 1.5; v: v)] and a droplet of the resulting mixture (1L) placed on
the mass spectrometers. Once the liquid was completely
evaporated, the sample was loaded into the mass spectrometer and
analyzed in positive acquisition linear mode. The instrument was
calibrated with a three points external calibration by using an
appropriate mix of 10 pmol/L of insulin, cytochrome-c and
trypsinogen as standard proteins (Sigma, St. Louis, MO, USA). A
mass accuracy near to the nominal (300 ppm) was achieved for
each standard. All spectra were processed and analyzed using the

Mass Lynx 4.1 software (Waters, Milford, MA USA).
2.6 Homology Studies
Amino acid sequences of PG isolated from different species were
retrieved and analyzed by using the BLAST p software and the
NCBI taxonomy browser available on-line at the NBCI web site
(http://blast.ncbi.nlm.nih.gov/ Blast.cgi). The following amino acid
sequences were selected
for the analysis: PG from Bordetella avium 197N, AC: 187479388;
PG from Bordetella petrii DSM 12804, AC: 163854958; PG from
Beutenbergia cavernae DSM 12333, AC: 229821715 PG from
Methylibium petroleiphilum PM1, AC: 124268476; PG from
Verminephrobacter aporrectodeae, AC347818708; PG from
Frankia alni ACN14a AC: 111225564; PG from Variovorax
paradoxus EPS, AC: 319793145; PG from Ramlibacter
tataouinensis, AC: 337279172; The alignment was performed by
using the ClustalW software in the default set-up
(http://www.ebi.ac.uk/Tools/ msa/clustalw2/). The SYSTERS
Protein Family Database was searched for protein family
classification (http:// systers. molgen.mpg.de/) [8].
2.7 Circular Dichroism Spectroscopy
CD spectra were obtained at room temperature on a Jasco J-815
dichrograph [Jasco Europe, Cremella (LC) Italy] [10, 11]. For spectra
in the near-and far UV, measures were performed with a protein
concentration of 0.1 mg/mL in 100 mm Na-acetate buffer, pH 4.6,
using a 0.1 cm path-length quartz cuvette. The K2D2 curve-fitting
programme software (http://www.ogic.ca/projects/k2d2/) was used
to estimate the percentages of secondary structural elements [12].
3. Results and Discussion
3.1 Bacterial isolation
A total of 66 colonies were isolated from four soil samples, on the
basis of macroscopic characters and microscopic observations,
eliminating those that appeared close to each other. All 66 isolated
colonies were tested for their polygalacturonase potential using
plate assay. Of the 66 isolated colonies tested, only eight bacterial
strains shown the polygalacturonase potential. Of the 8 positive
isolates, C4 was showing relatively high activity. After performing
microscopic and biochemical characterization the isolate was
confirmed to be Bacillus subtilis. This isolate was used for
production of polygalacturonase by submerged fermentation.
3.2 Purification
The extracted enzyme was subjected to partial purification which
included ammonium sulphate precipitation, dialysis, ion exchange
chromatography and affinity chromatography. The cell free
supernatant polygalacturonase activity was found to be in the 3040% salt saturation fraction. Specific activity of polygalacturonase
increased from 33.68U/mL to 93.05 U/mL. Further the fraction was
loaded onto anion exchanger, DEAE Sephacel equilibrated with 20
mm Tris HCl (pH 7.5 buffer). The proteins were eluted with NaCl
gradient. 9.84 fold purification of the enzyme was achieved and its
specific activity was found to be 915.6U/Ml. The homogeneity of
the polygalacturonase was judged by SDS-PAGE. It was found that
PGs had a molecular weight ranging between 43 kDa and 66 kDa
(Fig. 1).
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Fig 1: SDS-Polyacrylamide gel electr electrophoresis of polygalacturonase from Bacillus subtilis C4.
Electrophoresis was carried out on a 6% polyacrylamide containing 0.1%SDS. The gel was stained with Coomassie blue R-250
Lane a included the following standard proteins:
1. Myosin, Rabbit Muscle (MW 205 kDa),
2. Phosphorylase (MW 97 kda),
3. Bovine serum albumin (MW 67 kDa),
4. Ovalbumin (MW 43 kDa),
5. Carbonic anhydrase (MW 31 kDa)
Lane b indicates ammonium sulphate fractionation
Lane c indicates ion exchange chromatographic
fraction
Table 1: Purification profile of Polygalacturonase from isolated Bacillus subtilis C4.
S.
No

Step

Collected
volume (ml)

Total Protein(mg)

Specific Activity
(Units/mg)

Purification (fold)

1.

Crude

150

182.8

33.68

1.0

2.

Ammonium
sulphate

80

16.88

93.05

2.76

3.

Ion exchange

40

2.84

915.6

9.84

3.3 Homology Studies
In order to classify the PG, a sequence homology search was
performed by using the BLAST p software. The analysis revealed a
degree of identity ranging from about 100%- 62%with other PG. A
multiple alignment of PG with selected PG was reported in Fig. 2.
The highest identity (100%) was found with PG isolated from
Bordetella avium [13]. The homology study results also allowed the
classification of PG into the 146086 Cluster of the SYSTERS
Protein Family Database.
In order to obtain a more accurate molecular mass, a MALDI-TOF
mass spectrometry analysis was performed on purified PG which

allowed the determination of a relative molecular mass of 40483.7.
3.4 Circular Dichroism Analysis
A structural study of the secondary structure of PG was performed
by circular dichroism (CD) analysis (Fig. 3 and 4). The far UV
circular dichroic spectrum of PG suggests that periodic secondary
structure of the protein is partially dominated by beta sheet with a
predicted percentage of 65.10% (0.50% turns). This finding is in
agreement with previously reported values for PGs isolated from
Phaseolus vulgaris bean (_-sheet 34.6%; turns 21.5% [12, 40]) and
from Cucumismelo var. reticulatas (_-sheet 30%; turns 23% ) [14, 15].
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Fig 2: Multiple sequence alignment of PG using CLUSTAL W.

Table 2: Results of the sample spectrum camparing to reference spectrum.
 Fraction

 Ratio

 Helix:

 3.50%

 Turn:

 0.50%

 Beta:

 65.10%

 Random:

 30.90%

 Total:

 100.00%

 RMS:

 38.811
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Fig 3: CD spectrum of the sample.

Fig 4: CD spectrum of the Reference sample.
4. Conclusion
We have isolated a novel PG from Bacillus subtilis seeds. A
preliminary structural and physico-chemical characterization of PG
has been performed by N terminal sequencing, accurate molecular
mass determination by MALDI-TOF mass spectrometry and
secondary structure analysis by circular dichroism.
5. Abbreviations
PGs = Polygalacturonase proteins
EPGs = endopolygalacturonases
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