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ABSTRACT

Polygalacturonases constitute the major part of pectinase preparations for many bioprocess
purposes. Investigation on the digestive juice of snail Limicolaria flammea led to purification of two
polygalacturonases named PG1 and PG2. Properties of these enzymes were examined to explore
their potential in biotechnology applications. A three steps procedure including size exclusion, anion
and cation exchange and hydrophobic interaction chromatography were used for purification. The
enzymes PG1 and PG2 had native molecular weights of approximately 46 and 86 kDa, respectively
and functioned both as monomeric structures. The purified polygalacturonases PG1 and PG2
showed optimum hydrolysis activities at 50°C in sodium acetate buffer pH 5.6. The common inhibitor
of the two purified polygalacturonases activity were Mn2+, Ca2+, Zn2+, EDTA, SDS and L-cystein.
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NH3+ stimulate the polygalacturonase PG1 while Ba2+ was an activator for polygalacturonase
PG2. Substrate specificity indicated that these enzymes hydrolyse a broad range of pectin from
different sources. The highest activity of PG1 was observed with apple pectin and lemon pectin
while PG2 showed its highest activity with orange pectin. The catalytic efficiency of PG1 was highest
for lemon pectin (0.125 pmol/min/mL) and orange pectin (0.124 pmol/min/mL). PG2 displayed
highest catalytic efficiency (0.325 pmol/min/mL) towards orange pectin. These results suggest that
orange and lemon pectin would be the potential physiological substrates of the two purified

enzymes.

Keywords: Polygalacturonase; digestive juice; snail Limicolaria flammea; purification; characterization.

1. INTRODUCTION

Pectinases or pectinolytic enzymes are
hydrolases that specifically degrade pectic
substances by various mechanisms. They were
classified as de-esterifying enzymes and
depolymering enzymes [1]. De-esterifying
enzymes catalyze the de-esterification of pectin,

releasing protons and methanol [2] while
Depolymering enzymes consist of
polygalacturonase (including endo-

polygalacturonase (E.C. 3.2.1.15, EPG) and exo-
polygalacturonase), pectin hydrolase (or pectin
methylesterase), pectate lyase, and pectin lyase

[3].

Polygalacturonases are widely distributed in
many living organisms such as bacteria, fungi
and plants and they constitute the major part of
pectinase preparations for many bioprocess
purposes. Indeed, these enzymes have a
commercial application in the production of fruit
juices and wines, mainly to clarify juice and to
improve the pressing and extraction of juice from
fruits and vegetables [4,5]. Pectin of certain fruits
and vegetables remains in the pulp during the
extraction step and causes a colloidal aspect in
the juice.

The use of pectinolytic enzymes removes haze
and cloudiness, which leads to reduction of
viscosity and increases juice yields. Thus, in food
industries, acidic endo-polygalacturonase (PG)
from fungi are used during extraction and
clarification of fruit juices [6]. Furthermore, these
enzymes account for 25% of the world’s
industrial enzymes and about 75% of the world
market share of enzymes for the food industry
[7.8].

Many polygalacturonases have been purified and
characterized from fungi, yeasts, and bacteria
[9,10], among which fungal polygalacturonases
are good candidates for the industrial production
due to their stability at pH 4.0-6.0 [4,11]. Then, a
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variety of microorganisms including Aspergillus
niger, Aspergillus tamari, Aspergillus oryzae,
Penicillium, Bacillus, Fusarium and
Saccharomyces species have been reported for
its synthesis [12]. However, a robust
polygalacturonase for bioprocesses involves not
only a high catalytic activity but also acid- and
thermo-stability against different physiochemical
conditions. Moreover, very few studies have
been devoted to polygalacturonases from animal
and plant which could constitute good alternative
in terms of stability and production cost. So,
researchers are therefore focusing on the
discovery of new sources for pectinolytic enzyme
production and developing strategies to improve
their catalytic characteristics for industrial
biotransformation and synthesis [13,8].

In this study, we investigate the digestive juice of
the snails Limicolaria flammea. Indeed, the
digestive juice of snails constitutes a varied and
very active enzymatic cocktail for the hydrolysis
of many organic materials found in the plants
which they consume [14,15]. In addition,
Limicolaria flammea is found in different biotopes
and is very abundant in gardens during the rainy
season [16,17]. This paper describes the
purification and characterization of two
polygalacturonases from the digestive juice of
snail Limicolaria flammea to explore their
potential in biotechnology applications.

2. MATERIALS AND METHODS

2.1 Enzymatic Source and Crude Extract
Preparation

Snail Limicolaria flammea were collected
locally in Céte d’lvoire at the National Floristic
Center of the University Felix Houphouet-Boigny
(5°21" N and 3°54' W). After isolation of the
digestive tract, the digestive fluid was collected in
a jar placed in ice, filtered through cotton wool,
and then centrifuged at 10,000 x g for 30 min at




4°C. The supernatant constituted the crude
extract.

2.2 Chemicals

Polygalacturonic acid (PGA), apple pectin, lemon
pectin and orange pectin were purchased from
Sigma-Aldrich. DEAE-Sepharose Fast Flow,
CMSepharose CL-6B, Sephacryl S-200 HR and
Phenyl-Sepharose 6 Fast Flow were provided
from Pharmacia Biotech. Bovine serum albumin
(BSA) was obtained from Fluka Biochemika.
Standard molecular weights proteins were
provided from BioRad. All the other reagents
used were of analytical grade.

2.2.1 Purification procedure

All the purification procedure was carried out in a
cold room. One (1) milliliter of the crude digestive
juice of the snail Limicolaria flammea was loaded
onto a Sephacryl S-200 HR column (capacity,
1.6 cm x 63 cm; flow rate, 20 mL/ h; fractions, 1
mL) previously equilibrated with 20 mM sodium
acetate buffer pH 5.6 and, active fractions were
pooled. Each pooled active fraction was loaded
onto a DEAE 6 Fast Flow column (2.5 x 4cm)
equilibrated with the same buffer. The column
was washed at a flow rate of 2 mL/min with two
bed volumes of equilibration buffer to remove
unbound proteins. Bound proteins were then
eluted with a stepwise salt gradient (0.2, 0.4 and
1 M) of NaCl in 20 mM sodium acetate buffer pH
5.6 and, fractions of 3 mL were collected. Two
peaks of polygalacturonase activity were
obtained. On the one hand, unbound
polygalacturonase activity (Peak 1) and on the
other hand, bound polygalacturonase activity
(Peak 2). On the one hand, pooled
polygalacturonase activity resulting from Peak 1
was loaded onto a CM-Sepharose column (2.5 x
4 cm) equilibrated with 20 mM sodium acetate
buffer pH 5.6. The column was washed with the
same buffer at a flow rate of 2 mL/min.
Polygalacturonase activity was eluted with a
stepwise salt gradient (0.2, 0.4 and 1 M) of NaCl
in 20 mM sodium acetate buffer pH 5.6 and,
fractions of 2 mL were collected. The second
polygalacturonase activity (Peak 2) resulting from
DEAE 6 Fast Flow chromatographies was
saturated to 1.7 M final concentration of sodium
thiosulphate and loaded onto the Phenyl-
Sepharose 6 Fast Flow column (1.5 cm x 3.2
cm) previously equilibrated with 20 mM sodium
acetate buffer pH 5.6 containing 1.7 M of sodium
thiosulphate. The column was washed at a flow
rate of 1 ml/min with a reverse stepwise salt-
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gradient of sodium thiosulphate (from 1.7 to 0 M)
incorporated in the same sodium acetate buffer.
1 mL fractions were collected. Finally, the pooled
active fractions were dialyzed overnight at 4°C
against 20 mM sodium acetate buffer pH 5.6 and
constituted the purified enzyme solution and
stored at 4°C for assays.

2.2.2 Enzyme activity assay

The polygalacturonase activity was determining
by using the 3.5-dinitrosalicylic acid (DNS)
method [18] with D-(+)-galacturonic acid as the
standards. All reactions contained 200 pL of
0.5% PGA, 200 pyL of 100 mM sodium acetate
buffer (pH 5.6) and 50 pyL of enzyme solution.
The reaction mixture was incubated at 37°C for
30 min. After incubation, 300 yL DNS was added
to terminate the reaction, followed by 5-min
incubation in boiling water bath. The absorption
at 540 nm was measured at room temperature.
All experiments were performed in triplicate. One
unit (U) of polygalacturonase was defined as the
amount of enzyme that released reducing sugars
equivalent to 1 ymol of D-(+)-galacturonic acid
per min under the standard conditions. The
specific activity was expressed as unit of activity
per mg of protein.

2.2.3 Proteins estimation

Protein concentrations and elution profiles from
chromatographic columns were determined by
the Folin method [19]. Bovine serum albumin
(BSA) was used as the standard protein.

2.2.4 Polyacrylamide
(page)

gel electrophoresis

Electrophoresis was carried out by using
Laemmli [20] method on 10% (w/v) acrylamide
gels wunder denaturing and non-denaturing
conditions. In denaturing conditions, samples
were incubated for 5 min at 100°C with SDS-
PAGE sample-buffer containing 2-
mercaptoethanol. Concerning non-denaturing
conditions, samples were mixed just before
running in a sample-buffer without 2-
mercaptoethanol and SDS. Silver staining was
used to localize protein bands [21]. The standard
molecular weights (Bio-Rad) comprising myosin
(200 kDa), p-galactosidase (116.25 kDa),
phosphorylase B (97.4 kDa), BSA (66.2 kDa) and
ovalbumin (45.0 kDa) were used.

2.2.5 Native molecular weights determination

Purified enzymes were applied to gel filtration on
a Sephacryl S-200 HR column (0.8 cm x 35 cm)



equilibrated with 20 mM sodium acetate buffer
(pH 5.6) to estimate the native molecular
weights. Elution was done at a flow rate of 0.2
mL/min and fractions of 0.5 mL were collected.
Standard molecular weights (SIGMA) used for
calibration were B-amylase from sweet potato
(206 kDa), BSA (66 kDa), ovalbumin from egg
white (45 kDa) and cellulase from Aspergillus
niger (26 kDa).

2.3 ph and Temperature Optima

The effect of pH on the activity of the enzymes
was determined by performing the hydrolysis of
PGA in a series of buffers (100 mM) at various
pH values (3.0-6.2). Buffers used were sodium
acetate (pH 3.6-5.6) and sodium citrate (pH 3.0—
6.2). pH values of each buffer were determined
at 37°C. The effect of temperature on
polygalacturonase activities was performed in
100 mM sodium acetate buffer (pH 5.6) over a
temperature range of 30-70°C by using PGA
(0.5%) as substrate under the enzyme assay
conditions.

2.4 ph and Temperature Stabilities

The pH stability of each polygalacturonase was
studied at a pH range of 3.0-5.6 with 100 mM
acetate buffers. Buffer used were the same as in
pH and temperature optima study. After 2 h
preincubation at 37°C (room temperature),
residual polygalacturonase activities were
measured at 37°C for 30 min by adding substrate
PGA. The thermal inactivation was determined at
37°C and at each enzyme optimum temperature
(at pH 5.6). Enzymes in appropriate buffers (pHs)
were exposed to each temperature for up to 120
min. Then, aliquots were withdrawn at intervals
(15 min) and immediately cooled. Concerning
thermal denaturation tests, aliquots of each
enzyme solution were preheated at different
temperatures ranging from 30 to 80°C for 30 min.
Residual activity, determined at 37°C under the
enzyme assay conditions, were expressed as
percentage activity of zero-time control of
untreated enzymes.

2.5 Effect of Some Chemical Agents

To determine the effect of various compounds
(cations, detergents, and reducing agents) as
possible activators or inhibitors of the purified
polygalacturonase, each enzyme solution was
preincubated at 37°C for 30 min with the
compounds and the activity was assayed under
the enzyme assay conditions. Residual activities
were expressed as percentage referred to control
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without chemical agents.

2,51 Substrate
parameters

specificity and kinetic

The substrate specificities of PG1 and PG2 were
determined by measuring the enzyme activities
in acetate buffer (pH 5.6) containing
polygalacturonic acid (PGA), apple pectin, lemon
pectin and orange pectin (0.5%) under standard
conditions.

Kinetic parameters of PG1 and PG2 were
determined under standard conditions with 0.1-
0.6 mg/ml PGA, apple pectin, lemon pectin and

orange pectin as the substrates. The
experiments were repeated three times, and
each experiment included triplicate. The

constants were calculated by fitting the date to a
linear regression on Lineweaver-Burk plots.

3. RESULTS AND DISCUSSION
3.1 Protein Purification

The purification of the two polygalacturonases
from the digestive juice of the snail limicolaria
flammea required the involvement of four
chromatographic steps including molecular
exclusion, ion exchange chromatography and
hydrophobic interaction chromatography. The
molecular exclusion chromatography used as the
first step in our purification procedure allowed us
to obtain a single peak of polygalacturonase
activity (Fig. 1). The active fractions after this
step were loaded on anion exchange
chromatography (DEAE-Sepharose 6 Fast Flow).
This was our second chromatographic step and
allowed wus to detect two peaks of
polygalacturonase activity named PG1 and PG2.
The active proteins were eluted respectively at 0
and 0.2 M NaCl. (Fig. 2) These results are in
agreement with the reports of Mohamed et al.
[22] and Yuping et al. [23] who observed two
polygalacturonases PGl and PGIl separated
respectively from Trichoderma harzianum and
Penicillium  janthinellum  sw09 by two
chromatographic steps using DEAE-Sepharose
and Sephacryl S-200.

After these first two chromatographic steps, the
two polygalacturonases activities (PG1 and PG2)
were purified using respectively cation exchange
chromatography (CM-Sepharose) and
hydrophobic interaction chromatography (phenyl-
Sepharose 6 Fast-flow), (Fig. 3 and 4). The
active proteins (PG1) were eluted at gradient
change, between 0 and 0.2 M NaCl and PG2



were eluted with 0.8 M sodium thiosulphate (Fig.
3). The second and last chromatographies were
crucial to purify the polygalacturonase activity of
the digestive juice of the snail Limicolaria
flammea. Indeed, anion exchange
chromatography on DEAE-Sepharose 6 Fast
Flow gel allowed the enzyme to be separated
into two different isoforms (PG1 and PG2), while
cation exchange  chromatography  (CM-
Sepharose) and hydrophobic interaction on
Phenyl-Sepharose 6 Fast Flow led to the
separation of each polygalacturonase from other
proteins and impurities. Finally, PG1 and PG2
were purified with overall yields of 7.05 and
10.58% and purity factors of about 6.44 and 6.49
times, respectively (Table 1). This low yield could
be due to several fractionation steps used for
purification of the two polygalacturonases PG1
and PG2. Generally, the use of several
successive purification techniques results in a
gradual decrease in yield [24]. Each isoenzyme
showed a unique protein band by silver nitrate

staining on native polyacrylamide gel

electrophoresis (Fig. 5).

3.2 Molecular Mass of the Purifed
Polygalacturonases

After SDS-PAGE analysis under reducing

conditions, each polygalacturonase showed one
bands.Their relative molecular weights were
estimated to be 46.1 KDa for PG1 and 82.5 KDa
for PG2 (Fig. 5). By gel filtration, the native
enzymes had a molecular weight of 48.2 KDa for
PG1 and 86.7 KDa for PG2. The results
indicated that the native functional enzyme as a
monomeric. Compared to other molecular
weights of purified polygalacturonases, those
from digestive juice of snail Limicolaria flammea
are higher with regard to
endopolygalacturonases PGl and PGIl from
Aspergillus japonicas (38 KDa and 65 KDa
respectively) [25] and polygalacturonases PG1
and PG2 isolated from Sclerotium rolfsii (39.5
KDa; 38 KDa) [26]. Nagai et al. [27] reported 41
and 38 kDa molecular weight for
Polygalacturonases isolated from Aspergillus
awomori and Sitophilus oryzae,respectively.

The samples were loaded onto a 10% gel; Lane
1 and 2, crude enzyme extract; Lane 5, PG1;
Lane 8, PG2; Lane 9, PG1; Lane 10, Markers;
Lane 11, PG2. Numbers on the right indicate the
molecular weights (kDa) of protein markers.

3.3 ph and Temperature

The purified polygalacturonases PG1 and PG2
showed optimum hydrolysis activities at 50°C in
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sodium acetate buffer pH 5.6 (Figs. 6, 8). They
showed best stability over pH values ranging
from 4.5 to 5.6 conserving at least about 80% of
their total activities (Fig. 7). This zone of stability
would be a good compromise for performing
many fruit juice clarifications since these juices
generally have an acidic pH [28]. The results of
the thermal denaturation study showed that PG1
and PG2 were fairly stable at temperatures up to
50°C. Beyond this temperature, the activity
decreases progressively. They lose about 80% of
their activity at a temperature of 70°C (Fig. 9).
The thermal inactivation study showed that at
37 and 50°C, in sodium acetate buffer (pH 5.6),
the purified enzymes remained statistically stable
for 120 min (Fig. 10). Indeed, the catalytic activity
of the two purified polygalacturonases were
weakly affected after a long-term (120 min)
incubation at 50°C and they maintain more than
80% of their activity. In this context, running
biotechnological processes for relatively long-
term at their optimal temperature would be
advantageous for application of these enzymes.

3.4 Effect of Metal lons, Chelating,
Sulfhydryl-Specific and Reducing
Agents and Detergents

The results of the study of the influence of ions,
reducing agent, detergents and EDTA on the
activity of purified polygalacturonases PG1 and
PG2 are summarized in Table 2 and 3.

The common inhibitor of the two purified
polygalacturonases activity were Mn**, Ca®*, Zn*
and EDTA. The fact that EDTA (cations
chelator) displayed an inhibitory effect on
enzyme activities is tempting to speculate that
PG1 and PG2 require metal ions which are
essential at their active site to perform catalysis.
Therefore, this inhibition could suggest that the
purified polygalacturonase may be
metalloenzymes. Famurewa et al. [29] and
Sakamoto et al. [30] reported a inhibitory effect of
ETDA on the polygalacturonase from Aspergillus
flavus. It decreases the activity of the partially
purified polygalacturonase (12-30%). Mg>" and
NH* have an inhibitory effect on the activity of
the polygalacturonase PG2, while they stimulate
the polygalacturonase PG1 as well as K'. As
concerned Ba2+, it was an activator for
polygalacturonase PG2.

SDS and L-cysteine inhibited the activity of the
purified polygalacturonases PG1 and PG2.
These results are similar to those obtained by
Cheng et al. [31] for Endo-Polygalacturonase



CZ1028 from Penicillium oxalicum. The
sensitivity of these enzymes in the presence of
sulfhydryl-specific agent such as L-cysteine led
us to assume that —SH groups participate

probably in catalysis activities of the two
enzymes.
The stimulatory effects shown by these

detergents Tween 80 and Triton X-100 make
them useful when purifying polygalacturonases
from digestive juice of snail Limicolaria flammea
since it is well known that detergents are used
for protein solubilization before their purification.
Li et al. [32] reported an activatory effect of
Tween-80 on the activity of polygalacturonase
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from Aspergillus repens.

3.5 Substrate Specificity and Kinetics
Parameters

A variety of pectin from different sources (PGA,
orange pectin, apple pectin and lemon pectin)
were tested for their suitability to serve as
substrates. PG1 and PG2 hydrolyzed a
broad range of these substrates (Fig. 11). The
highest activity of PG1 was observed with apple
pectin followed by lemon pectin and orange
pectin. As regards PG2, its highest activity was
obtained with orange pectin followed by apple
pectin.
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Fig. 1. Molecular exclusion chromatography profile on Sephacryl S-200 HR gel

of polygalacturonase activity from the digestive juice of snail
Limicolaria flammea
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Fig. 2. Anion exchange chromatography on DEAE-6-Fast-flow gel of polygalacturonase activity
from the digestive juice of snail Limicolaria flammea

46



Kinetic parameters of the two polygalacturonases
were studied by using polygalacturonique acid
(PGA), apple pectin, orange pectin and lemon
pectin as substrates. With these substrates,
enzyme activities were as predicted by the
Michaelis-Menten equation. The KM and Vmax
values, obtained from a Lineweaver-Burk plot in
the range of concentrations from 0 to 5 mM, are
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polygalacturonase PG1, the catalytic
efficiency given by the Vmax/KM ratio was
highest for lemon pectin (0.125
gmol/min/mL) and orange pectin  (0.124
pgmol/min/mL).

Regarding PG2, it displayed highest catalytic
efficiency (0.325 pmol/min/mL) towards orange

reported in Table 4, Concerning  pectin.
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Fig. 3. Cations exchange chromatography on CM-Sepharose gel of polygalacturonase PG1
from the digestive juice of snail Limicolaria flammea
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Fig. 4. Hydrophobic interaction chromatography on phenyl-Sepharose 6 Fast-flow gel of
polygalacturonase PG2 from the digestive juice of snail Limicolaria flammea
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Table 1. Purification procedure of polygalacturonases PG1 and PG2 from the digestive juice of snail Limicolaria flammea

Steps of purification Total protein (mg) Total activity (Ul) Specific activity (Ul/mg) Factor of purification Yield (%)
Gross extract 32.54 0.849 0.026 1 100
Séphacryl S-200 Polygalacturonase 9.87 0.75 0.076 214 88.23
DEAE 6 Fast-flow Polygalacturonase 3.80 0.43 0.115 4.44 50.58

PG1

Polygalacturonase PG2 3.54 0.515 0.145 5.59 60
CM-Sepharose

Polygalacturonase PG1 0.34 0.056 0.167 6.44 7.05
Phenyl-Sepharose 6 Fast flow

Polygalacturonase PG2 0.53 0.089 0.169 6.49 10.58

Table 2. Effect of some cations and chelating agent on the activity of polygalacturonases PG1 and PG2 purified from the digestive juice of snail
Limicolaria flammea

Real estate Concentration (mM) Relative activity (%)
PG1 PG2
Control 0 100+0.01 100+0.00
Mn?* 1 71.66+0.00 58.33+0.01
5 48.33+0.02 55.55+0.02
K* 1 160+0.01 102.77+0.00
5 120+0.01 81.94+0.00
NH3* 1 100+0.00 111.11+0.01
5 170+0.00 86.11+0.00
Ba2*t 1 101.66+0.02 115.27+0.01
5 101.66+0.01 133.33+0.01
M92+ 1 143.33+0.01 94.44+0.36
5 195+0.01 88.88+0.01
ca?t 1 68.33+0.01 95.83+0.01
5 86.66+0.02 59.72+0.00
zZn* 1 48.33+0.01 41.66+0.00
5 26.66+0.00 51.38+0.00
EDTA 1 88.33+0.00 80.55+0.00
5 70+0.01 20.83+0.01
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Fig. 9. Thermal denaturation of polygalacturonases PG1 and PG2 purified from digestive juice
of snail Limicolaria flammea

Table 3. Effect of sulfhydryl specific, reducing agents and detergents on the activity of
polygalacturonases PG1 and PG2 purified from the digestive juice of snail Limicolaria flammea

Concentration

Relative activity (%)

Real estate (%) PG1 PG2
Control 0 100+0 100+0
L-cystéine 0.1 90.56+0 63.49+0.01
1 47.160.01 96.82+0
Urée 0.1 156.6+0.01 95.23+0
1 101.88+0.04 84.12+0
SDS 0.1 37.73+0 13.240
1 33.96+0 0+0
Triton X-100 0.1 109.43+0.01 52.38+0
1 113.240.03 47.61x0
Tween 80 0.1 345.28+0.01 46.03x0
1 169.81+0.01 42.8510
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Table 4. The kinetic parameters of PG1 and PG2 polygalacturonases of digestive juice snail Limicolaria flammea

PG1 PG2
Km Vmax Vmax/Km Km Vmax Vmax/Km
Substrats (mg/mL) (umol/min/ mg) (umol/min/ mL) (mg/mL) (umol/mi n/mg) (umol/min/ mL)
Apple Pectin 6.101 0.644 0.105 7.69 0.775 0.100
Lemon Pectin 2.45 0.308 0.125 4.35 0.230 0.052
Orange pectin 2.98 0.371 0.124 1.88 0.612 0,325
PGA 2.38 0.162 0.068 3.03 0.464 0,153
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4. CONCLUSION

Two polygalacturonases named PG1 and PG2
were isolated from the digestive juice of snail
Limicolaria flammea using four chromatographic
techniques with a yield of 7.05 and 10.58%, a
specific activity of 0.167 and 0.169 IU/mg protein
and a purity factor of 6.44 and 6.49 respectively
for PG1 and PG2. The two purified
polygalacturonases PG1 and PG2 have a native
molecular weight of 48.2 and 86.7 KDa and are
acidic in nature with an optimum pH of 5.6. They
have been shown to be mesophilic with an
optimum temperature of 50°C. The substrate
specificity and kinetic properties showed that
orange and lemon pectin were the potential
physiological substrates.

ACKNOWLEDGEMENT

This work was supported by a PhD grant of the
first author. The authors are grateful to
Laboratory of biochemistry and food Technology,
Nangui Abrogoua university, Cote d'lvoire) for
technical assistances.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Alkorta |, Garbisu C, Llama MJ, Serra JL.
Industrial applications of pectic enzymes:
A review. Process Biochemistry. 1998;33:
21-28.

2. Laratta B, De Masi L, Minasi P, Giovane A.
Pectin methylesterase in Citrus bergamia
R.: purification, biochemical
characterisation and sequence of the exon
related to the enzyme active site. Food
Chemistry. 2008;110:829-837.

3. Lang C, Dérnenburg H. Perspectives in the
biological function and the technological
application of polygalacturonases. Applied
Microbiology Biotechnology. 2000;53:366-
375

4. Kashyap D, Vohra P, Chopra S, Tewari R.
Applications of pectinases in the
commercial sector: A review. Bioresource
Technology. 2001;77:215-227.

5. Chauhan S, Vohra A, Lakhanpal A, Gupta
R. Immobilization of commercial pectinase
(Polygalacturonase) on celite and its
application in juice clarification. Journal of
Food Processing and Preservation. 2015;

53

10.

1.

12.

13.

14.

15.

16.

Kanga et al.; BJI, 25(1): 41-54, 2021; Article no.BJI.65782

39:2135-2141.

Ramirez-Tapias YA, Rivero CW, Britos
CN, Trelles, JA. Alkaline and thermostable
polygalacturonase from  Streptomyces
halstedii ATCC 10897 with applications in
waste waters. Biocatalysis and Agricultural
Biotechnology. 2015;4(2):221-228.
Anuradha K, Padma PN, Venkateshwar S,
Reddy G. Effect of physical factorson
pellet morphology of Aspergillus awamori
MTCC 9166 and polygalacturonase
production. Biocatalysis and Agricultural
Biotechnology. 2014;3:271-274.

Oumer OJ, Abate D. Screening and
molecular identification of pectinase
producing microbes from coffee pulp.
International Journal Bioressouce; 2018.
Jayani RS, Saxena S, Gupta R. Microbial
pectinolytic enzymes: A review. Process
Biochemistry. 2005;40:2931-2944

Massa C, Degrassi G, Devescovi G,
Venturi V, Lamba D. Isolation,
heterologous expression and
characterization of an endo-
polygalacturonase produced by the
phytopathogen  Burkholderia  cepacia.

Protein Expression and Purification. 2007;
54:300-308.

Niture SK. Comparative biochemical and
structural characterizations of fungal
polygalacturonases. Biologia. 2008;63:1-
19.

Adedeji OE, Ezekiel OO. Pretreatment of
selected peels for polygalacturonase
production by Aspergillus awamori CICC
2040: Purification and application in
mango juice extraction. Bioresource
Technology Reports. 2019;7:100306.

Amin F, Bhattia HN, Bilalc M, Asgher M.
Improvement of activity, thermostability
and fruit juice clarification characteristics of
fungal exopolygalacturonase. International
Journal of Biological Macromolecules.
2017;95:974-984

Leparoux S, Padrines M, Placier G, Colas
B. Characterization of a strictly specific 3-
galactosidase acid at Achatina achatina.
Biochimica and Biophysica Acta. 1997;
1336(3):522-532

Niamke S, Sine JP, Guionie O, Colas B. A
new endopeptidase with strict specificity
for threonine residues at position P1.
Biochemical and Biophysical Research
Communications. 1999;256(2):307-312.
Egonmwan RI. Reproductive biology and
growth of Land snails Archachatina
marginata ovum and Limicolaria flammea,



17.

18.

19.

20.

21.

22.

23.

24.

25.

Ph. D. Thesis, Department of Zoology,
Oxford University. 1988;367.

Karamoko M, Sika Piba NA, Ouattara S,
Otchoumou A, Kouassi KP. Effects of

dietary calcium on the reproductive
parameters of the snail Limicolaria
flammea (Miller, 1774), in soil-less

rearing. Afrique science. 2014;10(4):245-
256.

Miller GL. Use of dinitrosalicylic acid
reagent for determination of reducing
sugar. Analytical Chemistry. 1959;31:426-
428.

Lowry OH, Rosebrough NJ, Farr AL,
Randall RJ. Protein measurement with the
Folin phenol reagent. Journal of Biological
Chemistry. 1951;193:265-275.

Laemmli UK: Cleavage of structural
proteins during the assembly of the head
bacteriophage T4. Nature. 1970;227:680—
685.

Blum H, Beier H, Gross B. Improved silver
straining of plant proteins, RNA and DNA
in polyacrilamide gels. Eletrophoresis.
1987;8:93-99.

Mohamed SA, Farid NM, Hossiny EN,
Bassuiny RI. Biochemical characterization
of an extracellular polygalacturonase from

trichodrma harzianum. Journal
biotechnology. 2006;127:54-64.
Yuping MA, Siwen SUN, Hui HAO,

Chunping XU. Production, purification and
charaterization of an exo-
polygalacturonase from Penicillium
Janthinellum sw09. Annal of the Brazilian
Academy of sciences. 2016;88(1):479-487
Siddiqui MA, Pande V, Arif M. Production,

purification, and characterization of
polygalacturonase from Rhizomucor
pusillus Isolated from Decomposting

Orange Peels. Enzyme Research. 2012;
138634-143864

Hasunuma T, Fukusaki E, Kobayashi A.
Methanol production is enhanced by

26.

27.

28.

290.

30.

31.

32.

Kanga et al.; BJI, 25(1): 41-54, 2021; Article no.BJI.65782

expression of an Aspergillus niger pectin
methylesterase in tobacco cells. Journal of
Biotechnology. 2003;106:45-52.

Schnitzhofer W, Weber HJ, Vrsanska M,
Biely P, Cavaco-Paulo A, Guebitz GM.
Purification and mechanistic
characterisation of two polygalacturonases

from Sclerotium rolfsii. Enzyme and
Microbial  Technology. 2007;40:1739—
1747.

Nagai M, Katsuragi T, Terashita T,

Yoshikawa K, Sakai T. Purification and
Characterization of an Endo-
Polygalacturonase from Aspergillus
awamori. Bioscience, Biotechnology and
Biochemistry. 2000;64(8):1729-1732.

Ueda S, Yusaku F, Lim JY. Production et
certaines  propriétés des  enzymes
pectiques d'Aspergillus oryzae A-3.
Journal Application Biochemitry. 1982;4:
524-532.

Famurewa O, Oyede MA, Olutiola PO.
Pectin transeliminase complex in culture

filterates of Aspergillus flavus. Folia
Microbiology. 1993;38:459-466.

Sakamoto T, Hours RA, Sakai T.
Purification, characterization and

production of two pectic transeliminases
with protopectinase activity from Bacillus
subtilis. Bioscience, Biotechnology and
Biochemistry. 1994;58:35-358.

Cheng Z, Chen D, Lu B, Wei YT, Xian L, Li
Y. A novel acid-stable endo-
polygalacturonase from Penicillium
oxalicum CZ1028: purification,
characterization and application in the
beverage industry. Journal of Microbiology
and Biotechnology. 2016;26:989-998.

Li S, Yang X, Yang S, Zhu M, Wang X.
Technology prospecting on enzymes:

application, marketing and engineering.
Computational and Structural
Biotechnology Journal. 2012;2(3):1-
1.

© 2021 Kanga et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www. sdiarticle4.com/review-history/65782

54



