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Polygalacturonase (PG) was isolated from Aspergillus niger (A. niger) (SA6), partially purified and
characterized. The PG showed two bands on SDS-PAGE suggesting an “endo and exo PG with apparent
molecular weights of 35 and 40 KDa, respectively. It was purified 9-fold with a yield of 0.18% and
specific activity of 246 µmole/ml/mg. The KM and Vmax of the enzyme were 2.74 mg/ml and 0.78
µmole/min/mg, respectively. The optimum temperature and optimum pH of the enzyme were 40°C and
4.5, respectively. The PG was found to be more stable to temperature changes than to pH changes.
Key word: Polygalacturonase, Aspergillus niger.
INTRODUCTION
Pectinases (EC. 3.2.1.15 and EC. 3.2.1.67), endo and
exopolygalacturonase, (EC. 4.2.2.10), polymethylgalacturonate lyase and pectin esterase (EC. 3.1.1.11),
are a group of enzymes that can degrade pectin
containing substrate or modify it during fruit ripening.
Pectinases are produced by fungi, yeast, bacteria,
protozoa, insects, nematodes and plants (Ahmed et al.,
1997; Solis et al., 1997; Whitaker, 1991).
Pectinases are used in the food industry to improve
cloud stability in fruits and vegetable nectars (Baker and
Bruemmer, 1972; Gupta et al., 1993). Production of
pectinases can be done by both solid state cultures and
submerged fermentation techniques (Akinola and
Olatunji, 2000; Meyrath and Volavsek, 1975; Ronald et
al., 1997; Sebastian et al., 1996; Tuttobello and Mill,
1961). However, production of pectinase by Aspergillus
strains was observed to be higher in solid state fermentation than in sub-merged process (Acuna-Arguelles et
al., 1995; Maldonado et al., 1998; Solis-pereira et al.,

1996). Aspergillus niger is the main micro organism used
for the production of pectinases in the food industry and
has been found to be safe owing to its wide use
(http://www.epa.gov/biotech-rule/pubs/fra/fra006.htm.).
Pectin, the natural substrate of pectinase, is synthesized in the golgi bodies of plants and forms a matrix in
which the hemicellulose polysaccharides of the plant cell
are embedded. It is broken down by pectinase to pectinic
acid and finally pectic acid. During this chemical
breakdown the fruit gets softer (ripens) as the cell wall
degenerates (McGraw, 1987).
Despite its potentials as input for fruit processing
industries, production and evaluation of the characteristics
of polygalacturonase from a local strain of Aspergillus
(SA6) has not been attempted.
It is therefore, desirable to characterize the locally
isolated polygalacturonase since commercial pectinases
are often mixtures of cellulases, hemicellulases and
proteases hence, they are poorly characterized. This
would provide empirical data for future research. We
report in this work for the first time the characteristics of
polygalacturonase isolated from Aspergillus niger (SA6).

*Corresponding author. E-mail: mblawal@hotmail.com.
Abbreviations: PG, Polygalacturonase; Km, Michaelis-Menten
constant; Vmax, maximum velocity; SDS-PAGE, sodium dodecyl
sulphate polyacrylamide gel electrophoresis; Ea, energy of
activation.

MATERIALS AND METHODS
All the reagents used in this study were of analytical grade
purchased from Sigma chemical company representatives in
Germany.
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Microorganism

Determination of protein content

A. niger (SA6) strain was collected from the culture bank of crop
protection department of the institute for agricultural research (IAR),
Ahmadu Bello University, Zaria, Nigeria. The culture was maintained
on potato dextrose agar and sub-cultured periodically throughout
the duration of the research.

Twenty micro litre(µl) of sample enzyme was mixed with 1 ml of
Bio-rad dye and vortexed. The mixture was incubated at room
temperature for 5 min. Absorbance was read at 595 nm using
spectrophotometer. Absorbance values were converted to protein
concentration by extrapolation from the standard curve. 1 ml of Biorad dye and 1 ml of buffer were used as blank (Bradford, (1976).

Preparation of media and cultivation of A. niger (SA6)
Exactly 200 g of potato was sliced, cut and boiled. It was filtered
with muslin cloth and the volume made up to 1000 ml. Exactly 20 g
each of dextrose and agar were added, boiled and autoclaved at
121°C for 15 min. After cooling about 5 g of streptomycin powder
was added to prevent bacterial contamination (http: en.wikibooks.
org/Potato Dextrose Media Preparation).
Cultivation of the Aspergillus was carried out in pre-weighed 250
ml Erlenmeyer flasks covered with aluminum foil containing 5 g of
wheat germ and 7.5 ml of 0.4 M HCl. The flasks were autoclaved at
121°C for 15 min. After cooling each flask was weighed and water
loss during autoclaving was corrected (Sebastian et al., 1996).

Inocculation of A. niger (SA6)
Ten (10) ml of conidial suspension (approximately 107 spores/g of
dry substrate, which was obtained from a 7–day old agar slant
suspended in autoclaved Tween 80 solution was used to inoculate
the substrate in a sterile chamber.
After inoculation the contents were carefully mixed and the flasks
placed in a humid cultivation room at 30°C under static condition for
3 days according to the method of Sebastian et al. (1996).

Preparation of crude polygalacturonase
After cultivation, cultures were suspended in 40 ml of distilled water
stirred for 10 min and the pH measured. This was followed by the
addition of 40 ml of 0.05 M acetate buffer pH 5.0 and the mixture
left to stand for 10 min. The mixture was filtered through a muslin
cloth and Whatman No 1 filter paper and the solid material retained
on the filter paper was extracted again with 20 ml of 0.05 M acetate
buffer pH 5.0.
Both extracts were pooled, clarified by centrifugation at 5000 x g
for 30 min and brought to a total volume of 100 ml with 0.05 M
acetate buffer. The extract (crude enzyme) was kept at 4°C until
used (Sebastian et al., 1996).

Ultrafiltration of crude polygalacturonase
The crude polygalacturonase was concentrated using Amicon
equipment with cellulose acetate membrane in order to remove low
molecular weight proteins of 10,000 KDa. and below.

Ammonium sulphate precipitation
The crude polygalacturonase was precipitated with gentle stirring at
40 - 80% saturation of solid ammonium sulphate at interval of 10%.
It was centrifuged at 10,000 x g for 15 min. The precipitate was redissolved in 0.05 M acetate buffer pH 5.0 and dialyzed over-night
against the same buffer to remove low molecular weight substances
and other ions that may interfere with the enzyme activity (Dixon
and Webb, 1964).

Assay of polygalacturonase activity

The reaction mixture contained 0.1 ml of the enzyme, 0.8 ml of
citrus pectin substrate and 0.1 ml of buffer. The mixture was
incubated for 20 min at 40°C. After incubation 1 ml of DNS was
added and the mixture heated at 90°C for 5 min to develop the
color.
After cooling the absorbance was read at 575 nm using a
spectrophotometer. A blank DNS and buffer were used to zero the
spectrophotometer. Absorbance values were used to calculate the
activity of the enzyme using the standard curve. One unit of
enzyme activity was defined as the amount of enzyme that
produced one µmole of D-galacturonic acid per minute at 40°C and
pH 5.0 (Soares et al., 1999).
Ion-exchange chromatography (FPLC)
Fifteen ml of the crude enzyme was loaded onto the column (15.5 x
1 cm). Fifty six fractions of 5 ml each were collected at a flow rate of
3 ml/ min. Each fraction was assayed for activity and protein
content. An elution profile was plotted to show active peaks.
Gel filtration (FPLC)
One ml of the enzyme sample from ion-exchange was gradually
injected into the pre-equilibrated column. Filtration was carried out
for 2½ h. Fifty six fractions were collected and protein content and
activity were determined. The fractions with high activity were
pooled and used for characterization and electrophoresis.
Sodium dodecyl sulphate polyacrylamide gel electrophoresis
(SDS-PAGE)
SDS-PAGE of the partially purified polygalacturonase was carried
out as described by Laemli (1970). 20 µL of the crude enzyme,
partially purified enzyme and molecular weight markers were each
treated with sample buffer (125 mM Tris-HCl buffer, pH 6.8, 4%
SDS, 10% (V/V) Glycerin, 10% (V/V) ( -Mercaptoethanol, 0.25%
Bromophenol blue) and incubated at 95°C for 5 min in a Thermomixer.
The prepared samples were loaded onto the gel (12.5%). The
electrophoresis was performed at 150 volts for 1½ h. After the
electrophoresis, the gel was stained overnight and then de-stained
several times with 7% acetic acid until clear bands appeared. The
apparent molecular weight of the enzyme was estimated from the
standard marker proteins.
Initial velocity studies
The effect of substrate concentration on the activity of polygalacturonase was determined by incubating the enzyme with 1, 3,
5, 7, 9, 13 and 15 mg/ml of citrus pectin. The Vmax and KM of the
enzyme were determined using double reciprocal plot (Lineweaver
and Burk, 1934).
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The optimum temperature of the enzyme was determined by
incubating the enzyme with citrus pectin at 30 - 60°C at interval of
5°C for 20 min and pH 5.0. The activity was then assayed as per
the method of Miller (1959). A plot of temperature versus activity
was plotted to obtain the optimum temperature of the enzyme by
the method of Stauffer and Etson, (1969).
Effect of pH change on the activity of polygalacturonase
The optimum pH of the enzyme was determined using acetate
buffer of pHs-, 3.5 - 5.5 at interval of 0.5 by dispersing the enzyme
in 0.05 M acetate buffer in the various pHs and then taking 0.1 ml of
the dispersed enzyme for assay as per the method of Miller (1959).
A plot of enzyme activity versus pH was plotted to determine the
optimum pH of the enzyme.
Determination of pH stability of polygalacturonase
Enzyme solution was dispersed in 0.05 M acetate buffer pH 3.5 5.5; phosphate buffer pH 6.0 - 7.5 and Tris-HCl pH 7.5 - 9.0 at
interval of 0.5 and maintained at room temperature for 24 h. An
aliquot (0.1 ml) of the enzyme was used to determine the residual
activity of the enzyme at optimum conditions as per the method of
Miller (1959).
Determination of temperature stability of polygalacturonase
Enzyme solution was incubated with citrus pectin at different
temperatures 30 - 70°C at interval of 10°C for 1 h. An aliquot of the
enzyme was withdrawn and assayed for residual activity at optimum
conditions.
Effect of pH on KM AND Vmax of polygalacturonase
The activity of the enzyme was determined at varying substrate
concentration of 1, 3, 5, 7, 9, 13 and 15 mg/ml at pH values 3.5 5.5 using acetate buffer. The kinetic constants Vmax and KM were
determined at each pH value using double reciprocal plot. The pKa
values were determined using the log Vmax/KM plot (Dixon, 1953).
These values were used to predict the possible amino acids at the
active site.
Determination
of
polygalacturonase

energy

of

activation

(Ea)

of

The enzyme was incubated at 30 -70°C in a water bath at interval
of 10°C as described by Stauffer and Etson, (1969). The various
test tubes were cooled to room temperature and the activity of the
enzyme determined as per the method of Miller (1959). An
Arrhenius plot of log Vo (enzyme activity) versus reciprocal of Kelvin
temperature (°K) was done to determine the energy of activation of
the enzyme.

RESULTS
The isolated polygalacturonase was precipitated at 70%
ammonium sulphate saturation as shown in Figure 1 and
purified nine fold with specific activity of 246 µmole/

min/mg and a yield of 0.18% (Table 1).
The ion exchange elution profile of the enzyme on
DEAE- sepharose at 0 - 100% NaCl gradient revealed
one active peak with highest activity of 1.1 µmole/min/mg
as presented in Figure 2.
Gel filtration profile of the enzyme gave one active peak
at fractions 3 and 4. Both fractions contained protein and
activity as presented in Figure 3.
SDS-PAGE electrophoregram of the enzyme revealed
two distinct bands with apparent molecular weights of 35
and 40 KDa suggesting a dimeric protein (endo and exo)
polygalacturonase as presented in Figures 4 and 5. The
apparent molecular weights of the enzyme were
extrapolated from the standard marker proteins.
The KM and Vmax of the enzyme as calculated from
double reciprocal plot were 2.74 mg of citrus pectin/ml
and 0.78 µmoles /min/mg respectively as shown in Figure
6.
The optimum pH and optimum temperature of the
enzyme were 4.5 and 40°C respectively as presented in
Figures 7 and 8.
Stability studies of the enzyme at different pH’s after 24
h of incubation at room temperature gave the highest
percentage residual activities as follows: 23.01% at pH
4.5, in acetate, 28.32% at pH 7.0 in phosphate, and
22.13% at pH 7.5 in Tris-HCl. The lowest percentage
residual activity was obtained at pH 7.5 in Tris-HCl buffer
as presented in Table 2.
Temperature stability studies show that the enzyme
was more stable at 40°C as presented in Figure 9.
Plot of Log Vmax/Km the enzyme showed one peak at
pH 5.5 and when tangent was drawn on the curve the
pKa values deduced were 4.9 and 5.6 as presented in
Figure 10.
The activation energy (Ea) of the polygalacturonase
was found to be 259.19 cal/mole as presented in Figure
11.
DISCUSSION
The polygalacturonase was precipitated at 40 - 80%
ammonium sulphate saturation with the highest activity of
0.78 µmole/min/mg obtained at 70% saturation.
Studies have shown that polygalacturonase can be
precipitated between 0 - 90% of ammonium sulphate
depending on the source of the enzyme (8, 9, 42). This is
consistent with the findings of this study.
Ion-exchange chromatography profile of PG on DEAEsepharose showed that the enzyme was eluted in the
flow through. This could be attributed to the fact that at
pH 5 both the enzyme and DEAE- sepharose carried the
same charge, hence the protein did not bind the column
and the enzyme was therefore eluted.
The gel filtration profile of the PG revealed one active
peak with the highest activity of 0.51µmole/min/mg. The
SDS-PAGE of the active fractions showed two bands that
moved distinctly but closely on the gel with apparent
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Figure 1. Ammonium sulphate precipitation profile of polygalacturonase.

Table 1. Purification data of polygalacturonase from Aspergillus niger (SA6)

Purification steps

Crude extract
Ammonium sulphate precipitation
Ion-exchange
chromatography
(FPLC) on DEAE sepharose
Gel filtration on sephadex G-75

Vol. of
sample (ml)

Total
protein
(µ
µg)

Total activity
(µ
µmole of Dgalacturonic
acid/min)

500.00
25.00

8335.00
3415.00

225.00
17.25

Specific
activity (µ
µmole
of Dgalacturonic
acid/mg/min)
26.99
5.10

15.00

181.95

18.30

1.00

1.67

0.41

molecular weights of 35 KDa and 40 KDa which suggests
the existence of a dimeric protein consisting of both ‘endo
and exo’ polygalacturonase activities. Kester et al. (1996)
reported a polygalacturonase with a molecular mass of
20 KDa while DeVries and Visser (2001) reported a
range of 35 - 80 KDa. This range is in agreement with the
apparent molecular masses of the polygalacturonase
isolated in this study. Previous studies have shown that
some fungal polygalacturonases exists in iso forms (De
Vries and Visser, 2001).
The Michaelis Menten constant (KM) and the maximum

Purification
fold

%
Recovery

1.00
0.19

100.00
7.70

100.58

3.72

8.10

246.00

9.10

0.18

velocity (Vmax) of the polygalacturonase were 2.74 mg/ml
and 0.78 µmole/min/mg, respectively, as calculated from
the Lineweaver-Burk plot. Studies have shown that,
although polygalacturonases share high degree of
sequence homology, their rate of pectin hydrolysis, hence
their kinetic constants can differ (Laemmli, 1970; Deviet
et al., 2004; http://www.epa.gov/biotech-rule/pubs/fra/
fra006.htm.; irpjit and Hoodal, 1996).
Suryakant et al., (2001) reported a KM of 0.12 mg/ml
and Vmax of 111.1µM/min/mg for polygalacturonase from
Fusarium moniliforme NCIM 1276. Lucie (2000) also
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Figure 2. Ion –exchange chromatography profile of polygalacturonase.
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Figure 3. Gel filtration profile of polygalacturonase.

6

7

8

9

12

Active Peak was obtained in fractions 3 and 4

Activity

A280nm

0.6

Protein
Activity

Buga et al.

8949

116

116
66.2

45
35
25
18.4

40KDa
35KDa

14.4
M

F-2

F-3

F-4

F-5

Figure 4. Electrophoregram of partially purified polygalacturonase from ion-exchange chromatography.
M = Standard Marker Proteins; F2 = Fraction 2; F3 = Fraction 3; F4 = Fraction 4; F5 = Fraction 5.

116
66.2
45
35

40KDa
35KDa

25
18.4
14.4
F-4 F-4 F3 F-3 crude2 crude1
Figure
5.
Electrophoregram
of
partially
purified
polygalacturonase from gel filtration. M = Standard Marker
Proteins; 1 and 2 = Crude Enzyme; F3 = Fraction 3; F4 =
Fraction 4.

reported KM values of <0.15 – 5.0 mg/ml and specific
activities of 8.8-7000 U/mg for some fungal polygalacturonases. The KM value of the polygalacturonase
isolated in this study is comparable to those reported by
previous workers.
The plot of log Vmax/KM versus pH revealed two
ionizable groups (pKa 4.9 and 5.6) associated with
catalysis of the enzyme. These pKa vqlues appear to
implicate carboxylate and imidazole goups of Glutamic
acid and Histidine in the active site of the enzyme.
Previous studies have implicated a protonated Histidine
and a carboxylate group in the active site of fungal
polygalacturonases (Polizeli et al., 1991; Renata et al.,
2001; Rexova – Benkova, 1973; Solis et al., 1997).

The polygalacturonase showed optimum activity at pH
4.5. Fungal polygalacturonases are known to operate in
mild acidic environment. Sebastian et al., (1996) and De
Vries and Visser (2001) reported a range of optimum pH
(3.8 - 9.0) for A. niger polygalacturonases. Lucie (2000)
reported pH optima for 23 polygalacturonases isolated
from various species with a range of pH 3.8 - 6.5. The pH
optima for 30 fungal polygalacturonases reported by
Suryakant et al., (2001) ranged 2.5 - 6.0. Natalia et al.
(2004) also reported an optimum pH of 4.5 for
polygalacturonase isolated from Monilla sp. SB9. The
optimum pH and possible amino acids in the active site of
poly-galacturonase is in agreement with those reported
by previous workers.
In the pH stability studies, results obtained showed
that, the enzyme retained 23.01% of its initial activity at
pH 4.5 after 24 h incubation with citrus pectin at ambient
temperature in acetate buffer, 28.32% at pH 7.0 in
phosphate buffer and 22.13% at pH 7.5 in Tris-HCl
buffer. The results indicate that, though the enzyme
exhibits some level of stability in different pH environments,
the stability is low. The reason for this rather low stability
could be attributed to marked changes in the charge
distribution on the enzyme after 24 h incubation leading
to possible denaturation and eventual reduction of
activity.
Temperature studies of polygalacturonase revealed
optimum activity at 40°C and activation energy calculated
from Arrhenius plot of 259.19cal/mole. According to
collision theory, reactants must collide to form products
after absorbing sufficient energy. Deeviet et al. (2004)
reported activation energy of 4.39 Kcal/mole for a
commercial pectinase. In a similar study, Sartoglu et al.
(2001) reported a value of 9.424 Kcal/mole for a
commercial pectinase. These values are comparable to
the activation energy of the polygalacturonase isolated in
this study. The optimum temperature of the polygalacturonase is also comparable to the optimum
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Table 2. pH stability of polygalacturonase.

pH

Specific activity
(umole/min/mg)
(initial)

% Residual activity
(umole/min/mg)
(final)

3.5
4.0
4.5
5.0
5.5
6.0

0.1239
0.1416
0.295
0.0649
0.1711
0.2655

9.44
11.21
23.01
5.31
13.57
20.65

6.5

0.236

18,29

7.0

0.3599

28.32

7.5a

0.00531

0.413

7.5b
8.0
8.5
9.0

0.2832
0.0708
0.2006
0.177

22.125
5.5342
15.6704
13.8296

temperature reported for many polygalacturonases
isolated from several fungi, yeast plant and bacteria with
a range of 37 - 55°C (Bradford, 1976; Sartoglu et al.,
2001; Federici, 1985; Natalla et al., 2004; Ronald et al.,
1997; McGraw, 1987).
The polygalacturonase is stable at 40°C and it retained
75.5% of its optimum activity at 50°C. This stability is a

good attribute as it makes the enzyme less susceptible to
thermal inactivation during fruit processing. The good
stability could be due to slow denaturation of the enzyme.
Verlent et al. (2004) reported a polygalacturonase that is
stable at 60°C. A polygalacturonase with a half life of 18
min at 80°C was reported by Nirpjit and hoondal (1996).
Karbassi and Vaughn (1980) reported a polygalacturonase from Bacillus stearothermophillus that was
active at 70°C.
Conclusion
The polygalacturonase excreted by A. niger (SA6) was

partially purified and characterized. The electrophoregram

of the enzyme has revealed that polygalacturonase exists
as a dimer (endo and exo forms). The enzyme showed
optimum activity at pH 4.5 and 40°C, respectively. From
the results of this work histidine and glutamic acid are
present in the active site of the enzyme.
The data presented in this research would provide
reference for future work with A. niger (SA6) strain.
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