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Pectinase is a crucial enzyme in the food, drink and biotechnology industry, whose market is
projected to speedily advance within the next few years. The aim of this study was to enhance
the production of pectinase from previously isolated Aspergillus flavus, to purify the pectinase
and to characterize the purified pectinase. This study was designed based on the one-factor-at-a-
time approach and submerged state fermentation using rice husk as carbon source was
employed. Conditions that favored pectinase production were an incubation temperature of

50°C, pH of 4.5 and the addition of 1% maltose and yeast extract as carbon and nitrogen
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sources. The pure enzyme had its optimum activity at 40°C and at pH 6. It also had its peak
activity with 5 mM mercury 11 chloride but was inhibited by the presence of tin Il chloride. The
purified pectinase had a Kn value of 3.33 mg/mL and Vmax of 16.98 U/min. These findings
demonstrate that A. flavus produced pectinase with attributes that could be useful in
biotechnological industries.
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Introduction

Pectins are generally known as a family of complex
polysaccharides, primarily composed of a-1—4 linked D-galacturonic
acid residues. They have a small number of rhamnose residues in the
core chain along with arabinose, xylose and galactose on their side
chains and are found more at the middle lamella in cell walls and
intercellular tissues of plants, where they contribute to the firmness
and structural rigidity of vegetal tissues. Constituting one-third of total
sugars in plant materials, they appear as magnesium and calcium
pectate."? Pectinases are enzymes that effectively de-esterify and
depolymerize pectic substances by transelimination. These pectinases
usually degrade and modify pectin to yield galacturonic acid,
rhamnose and smaller portions of simpler sugars like arabinose,
acetate, galactose, fructose and xylose, which microbes then
metabolize and assimilate for their growth and possibly, for survival.**
Fungal pectinases are mostly preferred to bacterial pectinases because
they are produced in large quantities extracellularly and can be
recovered with relative ease.?*“*° Fungi produce pectinases to aid in the
breakdown of the middle lamella in plants to enable them extract
nutrients from the plant tissues and insert their hyphae. The pectinase
produced foment biological deterioration of organic matter by
modifying pectin. Pectinases are reported to be the first set of enzymes
secreted by fungi prior to subsequent degradation by other
enzymes.>®’ Pectinase is secreted by many fungi, but all
microorganisms utilized for commercial enzymes must be those
classified as GRAS- generally regarded as safe.”* A lot of usefulness is
also attributed to pectinases’ ability to convert pectin, and these have
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been exploited for the benefit of man especially in industries. In the
drink industries, they aid juice extraction, cloud stabilization, and
reduction of wine harshness. In the food industry, they aid in
macerating fruits, in the refinement of vegetable fibers, in baby foods
manufacture, for oil extraction, for coffee and tea seed fermentation
and foam prevention. They are also extensively employed in textile,
pharmaceutical, waste-water treatment, detergent-making, pulp and
paper-producing and wood-processing industries, among others.#2
Medically, pectinases have been found to act as antitumor agents.
They can stimulate apoptosis in human colonic adenocarcinoma and in
melanoma cells and reduce proliferation of myeloma cells.****
Purification and characterization of pectinase in this study is important
because the intrinsic features peculiar to the enzyme, such as
favourable functioning conditions, can only be determined when it has
been separated from all other compounds that may activate or inhibit
its functions. The aim of this study was to determine the optimum
conditions for pectinase production by A. flavus, to purify the
pectinase and to characterize the purified pectinase.

Materials and Methods

Fungus used as inoculum

Aspergillus flavus that had been identified by molecular method, was
the inoculum used in this study. It had been screened from rice husk
mill in Ire-EKiti, using Pectinase isolation media and identified as the
best pectinase producer, where it gave the highest activity among
other isolates, in a separate (unpublished) study on pectinase carried
out in the Research Laboratory of the Department of Microbiology,
Federal University of Technology, Akure, Ondo State, Nigeria. It was
maintained on Potato Dextrose agar at 4°C.

Pectinase production in submerged fermentation

Pectinase production was carried out based on the method of
Thangaratham and Manimegalai.’® Two hundred and fifty milliliters
(250 mL) conical flasks, each having 150 mL production media,
contained the following in gL™: 10 g rice husk, 6.0 g KoHPO4, 6.0 g
KH2PO4, 6.0 g NH4SO,4 and 0.1 g MgS0,.7H,0 (adjusted to a pH of
5.4+0.2 using 1M HCI or 1M NaOH).*® Sterile media were inoculated
with 1 mL of 10° spores mL™ derived from 5-day old slant on PDA
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into which 10 mL distilled water had been dispersed. The samples
were then incubated under shaking conditions for 72 h at 28+3°C and
120 rpm. At the interval of 24 hours, samples were withdrawn for
enzyme assay.

Assay for pectinase in crude supernatant

One milliliter of supernatant from the centrifuged fermentation broth,
was mixed with 1 mL of 2% pectin solution (citrus pectin from Sigma-
Aldrich, dissolved in 0.1 M acetate buffer, pH 5.0) and incubated at
40°C for 10 minutes. Following Miller’s method of determination of
reducing sugar,* the sample was boiled for 5 minutes after addition of
3 mL 3,5-dinitrosalicylic acid (DNSA). After cooling on ice, its
absorbance was read at 540 nm with 752Pro UV-VIS
spectrophotometer (Spectrum Lab, England). One unit of pectinase
activity (U) was defined as the amount of enzyme which liberated 1
umol galacturonic acid per minute under standard assay conditions.
Standard curve was prepared using D-galacturonic acid.

Optimization of pectinase production

Effect of incubation temperature on enzyme production

Samples were incubated under shaking conditions of 120 rpm, at
temperatures of 20, 30, 40 and 50 °C for 72 h, and aliquot samples
were withdrawn every 24 h for enzyme assay.

Effect of pH on enzyme production

pH of the fermentation media was varied using pH values of 4.0, 4.5,
5.0, 5.5, 6.0. These were incubated under shaking conditions (120
rpm) at a temperature of 30°C for 72 h, and aliquot samples were
withdrawn every 24 hours for enzyme assay.

Effect of carbon source on enzyme production

Different carbon sources; fructose, galactose, lactose, maltose,
sucrose, and starch, were added in place of rice husk, at the rate of 10
gLinto fermentation broth. The broth was sterilized, inoculated and
incubated for 72 h at 120 rpm, and aliquot samples were withdrawn
every 24 h for enzyme assay.

Effect of nitrogen source on enzyme production

Sodium nitrate (NaNO3), ammonium nitrate (NH4sNO3), Yeast extract,
Tryptone and Urea were each utilized as nitrogen sources in place of
NH4SO,, at the rate of 10 gL™ The fermentation broth was then
sterilized, inoculated and incubated under shaking conditions, for 72 h,
and aliquot samples were withdrawn every 24 h for enzyme assay.

Determination of fungal biomass weight

The growth of the fungus was examined to determine if enzyme
production increased or decreased with growth of fungi (deduced by
its biomass). The fungus’ biomass was calculated using Arotupin and
Ogunmolu’s method."” At the end of fermentation, biomass of fungus
was obtained daily by oven drying at 60°C, until constant weights
were obtained. These were weighed to obtain dry weight of biomass.
Biomass was calculated thus:

W = Fr—Fi [1]

where W = weight of fungi measured in g/L
Fr = weight of residue on filter paper
Fi = initial weight of filter paper

Purification of pectinase

The crude enzyme was subjected to 80% ammonium sulfate saturation
and left at 4°C for 12 hours. Precipitate recovered was then dissolved
in 0.1 M citrate buffer (pH 5.0) and dialyzed with the buffer to remove
ammonium sulfate. Sephadex C-50 was loaded with 5 mL dialyzed
enzyme and then collected in fractions at the rate of 5 mL per 20
minutes. The column was first washed with the buffer before being
eluted by 0.5 M and then 1.0 M sodium chloride in buffer. Pectinase
activity and protein concentration were monitored using spectrometer
read at 540 and 280 nm respectively.
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Protein content determination

Protein content determination in enzyme solution was done according
to Lowry et al.’®. Bovine serum albumen (BSA) was used as standard.
Absorbance at 590 nm using 752Pro UV-VIS spectrophotometer
(Spectrum Lab, England) were read and recorded.

Characterization of purified pectinase

Effect of temperature on purified pectinase

The method of Sulyman et al. ** was employed. The incubation
temperature was varied from 30-60°C for the mix of 0.1 mL purified
pectinase, in 0.5 mL of 1% pectin. The effects of these were
determined by assaying for enzyme activity.

Effect of pH

Buffers of different pH (citrate buffer: 3.0-5.0, phosphate buffer: 6.0—
8.0, borate buffer 9.0-11.0) were used to make 1% pectin solution. A
volume of 0.5 mL of this pectin solution was mixed with 0.1 mL of
purified pectinase. These were incubated for 10 mins at 40°C prior
enzyme assay.

Effect of salts and other chemical agents

The effects of different salts, mercury Il chloride (HgCl), zinc
chloride (ZnCly), tin Il chloride (SnCl,), potassium chloride (KCI);
and three chemicals; ethylenediaminetetraacetic acid (EDTA), urea
and 2-mercaptoethanol, on pectinase activity were assessed. The salts
and chemicals were utilized at concentrations of 1, 5 and 10 mM and
solubilized in distilled water. The enzyme was pre-incubated for 10
minutes at 40°C with the salts and chemicals prior to the addition of
pectin and assay for enzyme activity. Assay mixtures for each group
without the salts or chemicals served as controls.

Determination of kinetic parameters

The Vmax and Ky, of pectinase was determined for citrus pectin using
concentrations of 1.25-10.00 mg/mL. The data obtained were used to
plot Lineweaver and Burk graph.*

Statistical analysis

The results presented are means of triplicate readings. One-Way
Analysis of Variance (ANOVA) with SPSS version 20.0 was used to
analyze data and the results were subjected to Duncan’s new multiple
range test at 95% confidence level.

Results and Discussion

This study presents rice husk as a good source of carbon for fungal
growth and pectinase production, even though husk is known to
contain modest amounts of pectin.”® Aspergillus spp have been
extensivelzy studied for pectinase production as seen in various
studies.®*

Effect of optimization parameters on pectinase production

The best pectinase activity was recorded at a temperature of 50°C at
24 hours (Figure 1a). Similar results were also observed in separate
studies by researchers in pectinase production using sucrose® % as carbon
source. Phutela et al.”® and Rubinder et al.?’ reported that some fungi
produced enzymes optimally at 50°C, like the result obtained in this
study. As inferred by Khatri et al.,*” this result indicates that of the
fungus is a thermophile, since it could produce active enzyme at that
temperature. The pH 4.5 promoted the highest pectinase activity
(Figure 1b). This result was similar to that observed in another study
using rice bran for pectinase production.’® Phutela et al. ®* had
observed that slightly acidic pH ranges of 4.0-5.0 promoted high
polygalacturonic acid and pectinase production, probably because
these fungi, like fungi in general, thrive best in slightly acidic
environments. Refined saccharides were utilized for the carbon source
trial. Maltose was observed to be the best pectinase promoter (Figure
1c) among all carbon sources investigated, similar to the report in
another study.’” Although all other carbon sources in this study (see
Figure 1c) promoted a good activity of pectinase, fructose, gave the
least pectinase activity each day, significantly lower (P<0.05) than
other carbon sources. This result was contrary to the findings of Ire
and Viking,”® where fructose gave the highest pectinase production.
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Figure 1: Optimization of (a)incubation temperature; (b) pH; (c) carbon sources; (d) nitrogen sources on pectinase
production by A. flavus for three days.

These different reactions to carbon may be caused by non-assimilation
of the carbon into cells, a lack of the metabolic pathway to metabolize
the carbon or the possibility that the carbon is hazardous to the cells.*
Yeast extract induced the highest pectinase activity (0.93+0.027U),
when different nitrogen sources were investigated (Figure 1d). Yeast
extract was documented by some researchers as the best nitrogen
source for pectinase production using Bacillus subtillis,® and
Aspergillus spp, " respectively. Yeast extract, like other organic
nitrogen sources, have been known to promote fungal metabolism and
enzyme production due to their content of nutritional and growth
factors like vitamins.?

Effect of investigated parameters on fungal biomass

In this study, the highest biomasses were observed at the temperature
of 50 °C and pH 5.0 on the third day (Figure 2a and b) while, that for
carbon and nitrogen sources were obtained with sucrose on day 1 and
urea on day 3 (Figure 2c and d) respectively. Although maltose-
enriched media yielded the best pectinase value overall, growth were
best with the sucrose-enriched media at 24 hours. This may be because
the fungi did not assimilate the carbon well or because it lacked a
pathway to properly metabolize this carbon.*® There was regression in
growth from day 1 through day 3 for all treatments in the carbon
source trials except for lactose and maltose. This decrease in growth
may be due to a reduction in readily available carbon necessary for
metabolism.® In general, the growth of the fungi (represented by
biomass weight) was not seen to affect its enzyme production rate.

Summary of purification of pectinase

The crude pectinase had an initial total activity of 225.2 U while its
initial specific activity was 0.61 U/mg (Table 1). Ammonium sulfate
precipitation lowered the total activity to 150.1 U while increasing the
specific activity to 1.14 U/mg, with a 35.5% yield. At the final stage
of purification, using ion exchange chromatography, total activity
reduced to 62.7 U, with a total protein of 48.1 mg while specific
activity rose slightly to 1.30 U/mg. Purification ended with a 12.9%

yield and a 2.13 purification fold. This low yield could be as a result
of the loss of some activity during the purification process.*

Characterization of the pure pectinase

The purified pectinase had an optimum temperature of 40°C (Figure
3a), similar to some reports.”**? Aspergillus spp have been known to
produce fairly high-temperature acting enzymes.** A pH of 6.0 was
shown to produce the highest relative activity (1.24 %) for the purified
enzyme (Figure 3b). Reports show that there is usually high pectinase
activities around pH 3.5 to about pH 9.***® The ability of salts to
enhance the activity of purified pectinase was shown in Table 2. All
the salts tested in this study produced a 20% lesser activity than 5 mM
HgCl,. In this study, urea was found to promote enzyme relative
activity with concentration of 1 mM as opposed to the study where
urea was one of the least promoters of pectinase activity.’” An increase
in EDTA concentration yielded improved activity from 5 mM
concentration as supported by other studies.***? These results display
the potential of this pectinase to still perform well in the presence of 1-
10 mM HgCl; and 5-10 mM EDTA.

Kinetic parameters of purified pectinase from A. flavus

A Michaelis Menten’s constant, Km 0f 3.33 mg/mL was obtained from
Lineweaver-Burk plot of pectinase (Figure 4), showing the effect of
varying concentrations of citrus pectin (1.25 mg/mL — 10 mg/mL).
Close values of 3.08 mg/mL and 3.2mg/mL were obtained with A.
fumigatus® and A. tubingensis.®® A considerable number of pectinases
have been shown to have K, values between 0.1 and 5.0, like the
value in this study. A maximum velocity, Vmax, Of 16.98 U/mL
obtained in this study, was similar to the 16 U/mg obtained®” from
Fusarium oxysporum f. sp. vasinfectum using polygalacturonic acid as
substrate. The maximum velocity represents the point of maximum
catalysis during an enzyme-catalyzed reaction at the instance of
substrate saturation. Low values of K, like that obtained in this study,
reflect affinity of enzyme to substrate, while higher values mean
otherwise.”®
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Figure 2: Optimization of (a) incubation temperature; (b) pH; (c) carbon sources; (d) nitrogen sources; on biomass of A. flavus on for

three days.

Table 1: Summary of purification of pectinase

Purification steps Total Activity ~ Total Protein Specific activity Yield Purification Fold
V) (mg/mL) (U/mg) %

Crude enzyme 225.2 3717 0.61 100 1.00
Ammonium sulfate precipitate (80 %)  150.1 131.8 1.14 355 1.87
lon-exchange chromatography 62.7 48.1 1.30 129 2.13
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Table 2: Influence of salts and chemicals on the activity of
the purified pectinase

% Residual activity

Concentration 1.00 mM 500mM  10.00 mM
Control 100.00 100.00 100.00
Salts
HgCl, 130.80 142.30 106.70
SnCl, 100.10 90.00 90.00
ZnCl, 113.00 92.90 90.00
KCI 99.90 90.00 111.80
Chemicals
EDTA 99.98 120.70 129.10
Urea 112.70 90.00 90.00
2-Mercaptoethanol ~ 99.90 90.00 123.30
035
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Figure 4: Lineweaver-Burk plot of pectinase showing the
effect of varying concentration of citrus pectin on
pectinase from Aspergillus flavus. K, = 3.33 mg/mL
Vmax = 16.98 U/min

Conclusion

This study was done to enhance the production of pectinase by A.
flavus, to purify the pectinase and to characterize the purified
pectinase. The production of pectinase was enhanced by a
temperature of 50°C, pH of 4.5 and the presence of maltose and
yeast extract as carbon and nitrogen sources, respectively. The
purified pectinase had a yield of 12.9%. The characterized pure
pectinase had its highest activity at temperature of 40°C, pH of
6.0 and in the presence of HgCl,, Ureaand EDTA. These findings
demonstrated that the purified pectinase possessed attributes that
are desirable in lignocellulose-utilizing and biotechnological
industries where pectinases find application.
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