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In this work we purified a polygalacturonase enzyme from the midgut of larvae of the xylophagous insect Oncideres
albomarginata chamela. The polygalacturonase showed high enzymatic activity (390.7 U/mg) in the crude extract
and was purified to apparent homogeneity by means of cation exchange chromatography, hydrophobic interaction

chromatography, and gel filtration. The molecular mass of the polygalacturonase was estimated to be 37 kDa by
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used in industrial applications.

sodium dodecyl sulfate polyacrylamide gel electrophoresis. The enzyme had an optimum pH of 6.0 and an optimum
temperature of 50°C. According to the kinetic studies on polygalacturonic acid, the polygalacturonase showed a Km
of 3.18 mg/ml and Vmax of 716.15 U/mg. The enzymatic properties of the purified enzyme correspond to those
reported for highly active commercially produced enzymes, highlighting the potential of this insect enzyme to be

1. INTRODUCTION

Pectin represents an important component of the cell wall of plants,
particularly in the middle lamella, it forms a matrix, in which,
cellulose microfibers and hemicellulose are embedded during cell
expansion in the early stages of growth [1,2]. Pectin also participates
in cell development and structure, morphogenesis, adhesion, porosity,
defense, and among others [3,4].

Pectinisavery diverse polysaccharide composed mainly of galacturonic
acid residues (GalA) that form different structural domains:
homogalacturonan (HG), apiogalacturonan, xylogalacturonan, and
rhamnogalacturonan I and II (RGI and RGII, respectively) [2,3].
The HG consists of a backbone of D-GalA residues linked by o-1,4
glycosidic bonds, some of which can be modified by methylation and/
or acetylation, while the other polysaccharides that form pectin are
more complex. The RGII is formed by an HG backbone of at least
eight 1,4-linked a-D-GalA residues with multiple branches composed
by 12 different types of carbohydrates, making RGII the most
complex polysaccharide of pectin, and despite representing a small
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part of the pectin (~ 10%), the RGII is important for plant growth and
development [3,5]. These polysaccharides are covalently bound and
interact with calcium, borate, polyamines, and phenolic compounds
and can establish interactions with other cell wall polymers such as
hemicellulose, cellulose, and lignin [6].

The enzymes that degrade pectin can be classified into three groups
according to their cleavage modes: glycoside hydrolases (GH)
(polygalacturonases [PGs], EC 3.2.1.15 and 3.2.1.67), polysaccharide
lyases (pectate lyase EC 4.2.2.9, 4.2.2.10 and pectin lyase EC
4.2.2.2), and carbohydrate esterases (CE) (pectin methylesteraes,
EC 3.1.1.11) [7,8]. In addition to these enzymes that degrade the
main structure of pectin, there are other enzymes that participate in
the degradation of the structural domains RGI and RGII, and various
enzymes considered as accessories that degrade their side chains [7,8].

PGs cleave o-1,4-D-galacturonic acid linkages by hydrolysis at the
HG backbone of pectin. These enzymes are found into GH family 28
(http://www.cazy.org/) [9], and they are classified as exo-PGs (EC
3.2.1.67) and endo-PGs (EC. 3.2.1.15). The exo-PGs act on the non-
reducing end of pectin, while the endo-PGs randomly hydrolyze the
inner o.-1,4-D-galacturonic acid linkages [7].

PGs are of great importance in different industrial applications such
as wine production, fruit juice clarification, retting and degumming,
coffee and tea fermentation, oil extractions, among others [7,10].
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Indeed, pectinases comprise 25% of the enzymes that are produced for
biotechnological purposes, including food and beverage industries [11].
Hence, there is a growing interest to know the biochemical properties
of these enzymes for their use in industrial applications. For example,
for PGs, the optimal pH at which the enzymes are active is decisive to
define its possible application such as retting of natural fibers and fruit
juice clarification. [7].

PGs have been studied extensively in plants, yeasts, fungi, and
bacteria [11-14]. However, these enzymes are also present in some
insects herbivores [15-18]. Interestingly, PG is one of digestive enzymes
with the highest hydrolytic activity in some insect such as herbivore
beetles [18-20], which make them key targets for bioprospecting new
enzymes with biotechnological potential.

In this study, we purified a polygalacturonase enzyme from the
midgut of a xylophagous insect, and characterize some of its
enzymatic properties. We used larvae from the borer beetle Oncideres
albomarginata chamela (Coleoptera: Cerambycidae) given that a
previous study indicated that larvae of this species have the ability
to digest structural plant cell wall polymers [21]. The studies of the
biochemical properties of purified enzymes from insects are needed
for prospecting the potential industrial applications.

2. MATERIALS AND METHODS

2.1. Preparation of Enzymatic Crude Extracts

O. albomarginata chamela larvae were collected from branches of
the Spondias purpurea tree in the Chamela-Cuixmala Biosphere
Reserve located in Jalisco (19°30°N and 105°03°W). The larvae were
kept at —80°C and thawed on ice to perform the midgut dissections
used to prepare the enzyme extracts. The midgut was homogenized
with sterile pestle in sodium phosphate buffer (100 mM, pH 6.5)
containing complete TM protease inhibitor cocktail (Roche). The
homogenate was centrifuged (10,000 x G for 10 min at 4°C), cell
debris were discarded, and then the supernatant was filtered in
Amicon® Ultra 15 ml centrifugal filter devices with a molecular
weight cutoff of 10 kDa (MilliporeSigma) (14,000 x G for 30 min
at 4°C) with sodium phosphate buffer (100 mM, pH 6.5). The
recovered crude extract was kept at 4°C or stored at —80°C with
10% glycerol.

2.2. Measurement of Protein Concentrations

Protein concentrations were determined with Quick Start Bradford
Protein Assays (Bio-Rad) by the Bradford method [22]. The standard
curve was performed in microassay using the Bovine Serum Albumin
Standard Set (Bio-Rad) following the manufacturer’s instructions.
The absorbance at 595 nm was determined using a Multiskan GO
microplate spectrophotometer (Thermo Scientific).

2.3. Polygalacturonase Activity Assay

The enzymatic activity was determined by the 3,5-dinitrosalicylic
acid (DNS) colorimetric method [23]. The reactions (100 pl of total
volume) consisted of 25 pl of sample in the appropriate dilution on a
sodium phosphate buffer (100 mM, pH 6) and 75 ul of the substrate
(polygalacturonic acid [PGA]) at a concentration of 0.5% (w/v). The
reactions were incubated for 20 min at 37°C and stopped by adding
100 ul of DNS followed by an incubation at 90°C for 15 min. Samples
were read on a Multiskan GO microplate spectrophotometer (Thermo
Scientific) at 540 nm. We used 10 pg of galacturonic acid as a positive
control and a sample of crude extract denatured at 100°C during

10 min as a negative control. All reactions were done by triplicate. One
unit (U) of pectinase activity was defined as the amount of enzyme
producing 1 wmol of reducing sugar per minute; while the specific
activity was defined as U/mg protein.

2.4. Purification Procedure

For cation exchange chromatography, we used a Unosphere S 1 ml
column (Bio-Rad) on the automated NGC quest-plus (Bio-Rad) system.
The column was equilibrated with sodium acetate buffer (50 mM,
pH 4.5) and the crude extract was applied in the same buffer. Unbound
protein was removed with sodium acetate buffer (50 mM, pH 4.5)
and the elution of proteins was made by applying a linear gradient of
NaCl (0-1 M). In total, 19 ml of crude extract was applied in several
rounds of purification on the column. The concentration of proteins in
the fractions was measured at 280 nm on the chromatograph, and the
activity was determined on microplates using 5 ul of the fraction and
75 ul of 0.5% (w/v) of the substrate PGA in a final volume of 100 ul
with sodium phosphate buffer (100 mM, pH 6). The selected fractions
were concentrated and changed to the appropriate buffer using
Amicon® Ultra 15 ml and 0.5 ml protein filters of 10 kDa molecular
weight exclusion (MilliporeSigma), centrifuged at 14,000 x G and 4°C
for 30 min.

Hydrophobic-interaction chromatography was carried out using a
HiTrap Phenyl FF (high sub, 1 ml) column (GE Healthcare) equilibrated
with sodium phosphate buffer (50 mM, pH 6.5) and ammonium sulfate
(1 M). Protein elution was performed applying a linear decreasing
gradient from 1 to 0 M in sodium phosphate buffer (50 mM, pH 6.5).

Gel filtration chromatography was performed using a HiLoad 16/600
Superdex 75 pg (GE Healthcare) column equilibrated with phosphate
buffer (50 mM, pH 6) including NaCl (150 mM) at a flow rate of
1 ml/min. Protein elution was performed with the same buffer and
conditions.

2.5. Gel Electrophoresis

Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) was carried out using mini-protean tris/glycine 4-15% gels
(Bio-Rad). Samples were mixed with 2X laemmli loading buffer (Bio-
Rad) and incubated at 100°C during 5 min. Precision Plus Protein
Marker (Bio-Rad) and Oriole Fluorescent Gel Stain (Bio-Rad) for
protein staining were used; gels were analyzed in ultraviolet light at
254 nm.

For activity analysis by zymogram, samples in duplicate were
separated on a 12% SDS-PAGE, staining only one part of the gel with
Coomassie Brilliant Blue G-250 (Bio-Rad), leaving the remaining
part of the gel unstained to be washed once with 1% Triton X-100
at 4°C for 20 min and twice with 100 mM sodium phosphate buffer
(pH 6.5) at 4°C during 30 min each. The gels were covered with a 5%
polyacrylamide gel in 100 mM sodium phosphate buffer (pH 6.5) and
1% PGA (w/v), and incubated for 30 min at 37°C. Finally, the gel was
stained with ruthenium red 0.05% to reveal the enzymatic activity.

2.6. Biochemical Characterization

The optimal temperature and pH as well as the effect of chemicals
and ions on enzymatic activity were determined in 100 pl reactions
containing 0.5% (w/v) of PGA and sodium acetate buffer (100 mM,
pH 6) according to the DNS method as mentioned above. All
reactions were prepared by triplicate and incubated at 37°C. The
behavior of polygalacturonase during the degradation of PGA as a
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substrate in relation to incubation time was analyzed by measuring
the enzymatic activity at different times: 0, 5, 10, 15, 20, 25, 30, 60,
80, 100, and 120 min, whilst for the optimal pH tests, the activity of
polygalacturonase was analyzed at different pH: pH 4 and 5 (sodium
acetate buffer 100 mM), pH 6 and 7 (phosphate buffer 100 mM), and
pH 8 and 9 (Tris buffer 100 mM). The reactions were incubated at
37°C for 60 min.

To test the optimal temperature, the polygalacturonase was incubated
with 0.5% (w/v) of PGA in phosphate buffer (100 mM, pH 6) at several
temperatures (20°C, 30°C, 37°C, 40°C, 50°C, 60°C, and 80°C) for
60 min. The effect of chemicals and ions was determined by analyzing
the activity using different concentrations (0, 1, 4, and 10 mM) of
Mg?*, Mn?*, Ca?*, and EDTA in phosphate buffer (100 mM, pH 6). The
metal ions were added as chloride salts. The incubation of reactions
was performed for 60 min at 50°C, stopped with DNS and determined
as mentioned above.

2.7. Determination of Kinetic Parameters

PGA at different concentrations (1-6 mg/ml) in 100 pl reactions with
phosphate buffer (100 mM, pH 6) was used for determining the kinetic
parameters of the purified enzyme. Reactions were incubated for
60 min at 50°C, and the specific activity of each concentration was
estimated by the DNS method as mentioned above. Data analysis and
graphics were performed using the software Hyperbolic Regression
Analysis of Enzyme Kinetic Data (Hyper32 v1.0.0.) and GraphPad
Prism (GraphPad Software, v.9.2.0 for windows, San Diego, California
USA).

3. RESULTS

To evaluate the pectinase degradation system of the xylophagous insect
O. albomarginata chamela, the enzymatic activity was determined
in the crude extract of the larvae midgut using PGA as substrate.
Pectinase activity showed a specific activity of 390.7 U/mg on PGA.

For purification, the crude extract was subjected to cation exchange
chromatography [Figure 1], which allowed the removal of
contaminants and unwanted proteins from the extract. The most active
fractions on PGA (15-19) were subjected to a column of hydrophobic
interactions, and in this case, the activity was detected in the fractions
(1-12) that did not interact with the matrix [Figure 2]. This purification
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Figure 1: Cation exchange chromatography of polygalacturonase from
Oncideres albomarginata chamela. Crude extract (2ml) from larval midgut
was applied to a (8 x 20 mm) Unosphere S column equilibrated with 50 mM
sodium acetate buffer (pH 4.5).The elution of the sample was made applying
a linear gradient of 0.0—1.0 M NaCl and collecting fractions of 250 ul. Most
active fractions on PGA (15-19) were pooled for the next step. A total of
19 ml of crude extract were processed in several rounds of purification.
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step improved the specific activity by 2.5 fold than that determined
in the crude extract [Table 1] and allowed the removal of proteins
with cellulase and xylanase activities (data not shown). Finally, the
recovered proteins were separated by molecular exclusion on a
Superdex 75 pg column. The activity analysis on PGA of the fractions
indicates that the active fractions (67—70) correspond to a well-defined
protein peak [Figure 3]. The purified polygalacturonase presented a
specific activity of 1268 U/mg, which represents 3.2 fold of the specific
activity determined in the crude extract and a recovery percentage of
1.2% [Table 1]. According to the analysis by SDS-PAGE, the purified
polygalacturonase has a molecular mass of 37 kDa [Figure 4], and as
shown in the zymogram, the enzyme is active on PGA.

The activity of the O. albomarginata chamela polygalacturonase
was detected from 5 min of incubation, and after 60 min, the highest
activity was obtained [Figure 5a]. The purified enzyme is active in a
range of pH 4.5-6.5, with the greatest activity at pH 6; the enzyme
retains approximately 60% of the activity at pH 5, whereas the activity
declines completely at pH 7 [Figure 5b]. The polygalacturonase
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Figure 2: Hydrophobic-interaction chromatography of polygalacturonase
from Oncideres albomarginata chamela. Active fractions separated by
cation exchange chromatography were applied to a column (8 x 20 mm)
of HiTrap Phenyl FF equilibrated with sodium phosphate buffer (50 mM,
pH 6.5) containing ammonium sulfate (1 M). A linear decreasing gradient of
1.0-0.0 M ammonium sulfate in the same buffer was used for sample elution,
collecting 0.5 ml fractions. The fractions with the greatest activity on PGA
(1-12) were poled for the next step.
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Figure 3: Gel filtration chromatography of polygalacturonase from Oncideres
albomarginata chamela. The enzyme fraction obtained from the hydrophobic-
interaction step was applied on top of a column (60 cm x 26 mm) of Superdex
75 pg HiLoad 16/600 equilibrated and eluted with phosphate buffer (50 mM,
pH 6) containing NaCl (150 mM). Elution of the sample was made with the
same buffer, collecting fractions of 0.5 ml. Fractions 67-70 showing the
maximum activity on PGA were pooled and labeled as the purified enzyme.
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Table 1: Purification of polygalacturonase from the midgut of larvae of Oncideres albomarginata chamela

Fraction Protein (mg) Total activity (U)
Crude extract 25.8 10021.5
Cation exchange 2.1 433.6
UNOsphere S

Hydrophobic interaction 0.2 202.5
HiTrap Phenyl FF

Gel filtration 0.1 126.8

HiLoad 16/600

Specific activity (U/mg) Recovery (%)* Purification (n-fold)”
390.7 100
207.7 43 0.5
1012.5 2.0 2.6
1268 1.2 32

*(Total activity stage/total activity first stage)x100. "Stage specific activity/First stage specific activity

M 1 2

KDa

100

25

Figure 4: SDS-PAGE of the polygalacturonase purified from the digestive
tract (midgut) of the xylophagous beetle Oncideres albomarginata chamela
stained with Oriole Fluorescent Gel Stain (Bio Rad). M, Precision Plus Protein
Unstained Standard (Bio Rad); Lane 1, Purified polygalacturonase; Lane 2,
Zymogram on acrylamide gel containing 1% PGA stained with ruthenium red

activity increases from 30°C, with the greatest activity at 50°C, that
rapidly decreases at 60°C [Figure 6a].

Regarding metal ions effect on enzymatic activity, the results indicated
that Mg** decreases the activity of the purified polygalacturonase from
1 mM; the activity slowly decays as its concentration increases. The
enzyme was rapidly inhibited by Mn?" and Ca?". EDTA had a negative
effect on activity similar to that of Mg?* [Figure 6b]. According to the
Lineweaver-Burk plot, the purified enzyme has Km and Vmax values
of 3.18 mg/ml and 716.15 U/mg, respectively, using PGA as substrate
[Figure 7].

4. DISCUSSION

In this work, a high pectinase activity was detected in the midgut extract
of O. albomarginata chamela larvae (390.7 U/mg). This phenomenon
was found previously in the xylophagus insect Psacothea hilaris,
where the highest activity detected in the larva extract and adult gut
corresponds to the pectinolytic activity [24].

The presence of genes encoding PGs of the glycosyl hydrolase family 28
(GHEF28), such as endopolyglacturonases has been reported for several
herbivorous and xylophagous insects belonging to the orders Coleoptera,
Phasmatodea, and Hemiptera[16,17,25]. Among these, the genes encoding
GHF28 endopolygalacturonases are highly expressed in the gut tissues of
beetles including the species Anoplophora glabripennis, Rhynchophorus
ferrugineu, Sitophilus oryzae, Phaedon cochleariae [17,26-28], and the

guts of stick and leaf insects Extatosoma tiaratum, Aretaon asperrimus,
Medauroidea extradentata, Ramulus artemis, Sipyloidea sipylus, and
Peruphasma schultei [29]; whereas in hemipterans, their salivary glands
express GHF28 endopolygalacturonases which are injected during
piercing into the plant tissues, probably for softening the plant tissue
before oviposition [30,31].

The presence of a diverse family of genes encoding PGs GH28
in chewing beetles and phasmids, their distribution and their
phylogenetic analyzes suggest that these insects acquired GH28 PGs
by different gene horizontal transfer and genetic duplication events,
with subsequent functional diversification that could be important
for the evolution of herbivory in these insects [20,26]. For most of
beetles, it has been suggested that pectinases are involved in the initial
process of degradation of plant cell walls needed for digesting grains
and young tissues [20,30,32,33]. In the case of larvae that feed on
wood, it is likely that although pectin represents a small portion of
the biopolymers of the cell wall, its degradation increases the contact
surface by releasing the cells, allowing the access of other digestive
enzymes to different cell wall components, as well as to additional
nutrients present in the intracellular contents [34,35].

In addition to facilitating the plant cell wall degradation process by
other enzymes, the high levels of polygalacturonase expression in
insect larvae that feed on plant cell walls suggest that pectin can be
used as a source of sugars [17,26], since the treatment of cell walls with
endopolygalacturonases purified from other microorganisms in addition
to release galacturonic acid (GalA), also released galactose, arabinose,
rhamnose, and xylose that form part of pectin [36]. However, there is
no evidence about the use of GalA by insects as a source of energy [30].

Due to the great diversity of herbivorous insects, their lifestyles, and
the number of genes of plant cell wall degrading enzymes in their
genomes, insects have been proposed as valuable sources of enzymes
for biotechnological applications [17,37]. In particular, there is a great
interest in the discovery of pectinolytic enzymes that can be used in
biotechnological applications, since these enzymes are among the
most demanded globally, mainly in applications related to food and
beverages [11].

Besides the enzyme production system, other important factors for
determining whether an enzyme can be used in biotechnological
applications are the enzyme biochemical properties and how they can
be adapted to production processes. Previously, it was mentioned that
insects are a good source of enzymes for biotechnological purposes;
however, there are few reports of purified and/or characterized
pectinases. The first purified PGs correspond to those purified from
the coleopterans S. oryzae and Diaprepes abbreviatus [38,39]. In
hemipterans, PGs have been partially purified from the salivary
glands [30,40], whereas in beetles, two coding sequences for Apriona
japonica and one for Sphenophorus levis have been cloned in
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indicated incubation times (0-120 min). (b) Reaction mixtures were incubated at 37°C for 60 min at the indicated pH values with different buffers (sodium acetate
for pH 4-5, phosphate for pH 6-7, and Tris for pH 8-9). All other components of the reaction mixture remained unchanged

Activity U/ml

Temperature (°C)

Activity U/ml

-&- MgCP
-+ CaCP?

& MnCP?
= EDTA

2]
(=]

>
=]

o
-

Figure 6: Effect of temperature and divalent cations and EDTA on PG activity. (a) Reaction mixtures were incubated at the indicated temperatures. After 60 min,

activity was determined. (b) Enzyme activity was measured for 60 min at 50°C at increasing concentrations of the indicated cations and EDTA

0.008-
500~ ]
2. 400~ o = ° 0.006
g f 4
£ 300- < ;
2 2 0.0044
£ 200 - 1 ¢
E ° ] Y9 20
9 | 0.002-
< 100~ /
o+ e I ———
0 1 2 3 4 5 6 7 8 -05 -025 025 050 075 1.00
PGAmg/mI[S /18]
E g/mi[S] m

Figure 7: Determination of kinetic of PG purified from midgut of Oncideres albomarginata chamela. (a) Enzyme activity was measured at 50°C for 60 min as
a function of increasing concentrations of the PG as substrate. (b) Lineweaver-Burk plot of data from (a). Results shown are the average from three independent

experiments

heterologous expression systems [25,41]. In the latter case, the authors
propose that polygalacturonase together with a pectin methylesterase,
both produced in Pichia pastoris have good potential for industrial
applications [41]. According to this, the purification and analysis of
some biochemical properties of a polygalacturonase of the xylophagous
beetle O. albomarginata chamela provide new information useful to
identify the best industrial applications for insect enzymes.

Based on the analysis by SDS-PAGE, the polygalacturonase from
O. albomarginata chamela has a molecular weight (37 kDa), which

corresponds to the molecular weight reported for most microbial
PGs (30-80 kDa) [42] and its very similar to the PGs reported for
the coleopterans S. oryzae and D. abbreviatus (38 and 44.5 kDa,
respectively) [38,39]. Furthermore, like most PGs, it is a monomeric
protein, except for some reports from fungi and plants where they are
found as homodimers or heterodimers [43,44].

The purified PG from O. albomarginata chamela was inhibited by
Ca* and Mn** ions, but it kept more than 50% of activity at high
concentrations of Mg?* ions and EDTA. The effect of metal ions and



14 Lara-Marquez, et al. Journal of Applied Biology & Biotechnology 2022;10(4):9-16

chemicals such as EDTA on purified PGs from bacteria and fungi is
highly variable, showing inhibition for some enzymes and no effects in
others [45-48]. For coleopterans, the metal ions effect on pectinolytic
activity has only been determined for the R. ferrugineus crude extract,
indicating that Mg?*, Na*, and Ca>" ions increased pectinolytic activity
of this insect species [49]. However, the results of this study are
not directly comparable, since no purification of the enzyme was
done for R. ferrugineus, but they suggest that insect enzymes might
exhibit different inhibition properties as reported for microorganisms.
Regarding the inhibitory effect of divalent ions such as Ca**, Mn**, and
Mg*, it has been suggested that strong cations can alter the stability
of the enzyme [50,51]. An alternative explanation for the inhibition by
these ions is the cross-linking of HG chains by Ca** and Mg** cations,
which can limit the amount of substrate available to the enzyme [52].

The optimal pH for the purified PG in this work was 6.0. The previous
studies reported that PGs purified from other insects have an optimal
pH between pH 4-6 [38,39,41]. This is a more restricted range
compared to the range of optimal pH of PGs reported for fungi and
bacteria (pH 2—10) (https://www.brenda-enzymes.org/), although it is
considered that most microbial PGs are active between pH 3.5 and
6.0 [53]. In the case of temperature, the O. albomarginata chamela
PG is active in a range of 30-50°C, which places it among mesophilic
enzymes, like most fungal enzymes [42,54].

Despite the fact that the extremophilic enzymes have attracted much
interest to be used in some applications that require stable enzymes
at high temperatures [55] or at low temperatures such as wine
production [56], most of the pectinases used in biotechnological
applications are mesophilic [55]. Among these, acidic enzymes are
commonly used for the production of juices, specifically for enzymatic
clarification or depectination, which is one of the main applications
of pectinolytic enzymes and the largest market for this type of
enzyme [57].

Applications such as the production of paper and bioscouring of
cotton commonly use alkaline pectinases from fungi or bacteria,
according to the chemical processes and conditions needed for these
applications [58]. However, in the case of cotton bioscouring, good
results have been reported using acidic or neutral pectinases, with
additional ecological benefits [59]. In other applications such as fiber
processing [60] and biofuels [35], it has been seen that pectinases
can significantly participate in the cell wall disassembly, thus finding
new sources of highly active enzymes and studying their biochemical
characteristics are essential.

The purified polygalacturonase from O. albomarginata chamela
showed a Km value of 3.18 mg/ml. In insects, the Km values with
PGA as substrate of Sphenophorus levis and D. abbreviatus are 2.4
and 3.68 mg/ml, respectively [39,41], while the majority of the PGs
of microbial origin are found in the range of 0.059-5.0 mg/ml [50,53].
Low Km values and high activity are desirable characteristics for use
in biotechnological applications [61]. The specific activity of purified
PG in this work (1268 U/mg) are higher than that reported for PGs
purified from insects [38,39,41] and comparable with the specific
activity of PGs of several species of fungi that are commonly used
in the development of biotechnological applications [53] (https://
www.brenda-enzymes.org/). Therefore, according to our results, the
polygalacturonase from O. albomarginata chamela may be a good
candidate for heterologous expression in a friendlier system, allowing
the production and purification of the enzyme that can subsequently be
tested in important biotechnological applications of the food industry,
such as juice production.

5. CONCLUSION

Our results demonstrate that the borer beetle O. albomarginata chamela,
a xylophagous insect whose larvae can digest the polymers of the cell
wall of branches of the S. purpurea tree, secretes polygalacturonase
enzymes that hydrolyze the pectin present in the tissue consumed
by the larvae and possibly participate in plant cell wall disassembly,
increasing the access to other cell wall and intracellular nutrients. The
polygalacturonase purified from the beetle digestive tract is a protein
of 37 kDa, with an optimum pH of 6.0 and maximum activity at 50°C,
which showed high specific activity (1268 U/mg) and a relatively low
Km value (3.18 mg/ml). These enzymatic properties suggest that the
PG of O. albomarginata chamela is a good candidate for its expression
in a heterologous expression system to be produced, purified, and
tested for different biotechnological applications, particularly those
applications at mesophilic conditions.
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