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Abstract

Background Enzymatic catalysis in different industrial applications is often preferred over chemical methods due

to various advantages, such as higher specificity, greater efficiency, and less environmental footprint. Pectinases are

a group of enzymes that catalyze the degradation of pectic compounds, the key components of plant middle lamella
and the primary cell wall. Pectinases have found applications in multiple industrial processes, including cotton bios-
couring, fruit juice extraction and its clarification, plant fiber degumming, paper making, plant biomass liquefaction,
and saccharification, among others. The purpose of this study was to taxonomically characterize a bacterial species
exhibiting pectinolytic activities and assess its pectinolytic activity qualitatively and quantitatively, as well as test its
bioscouring potential.

Results Here, we report that Burkholderia cepacia, a previously unknown species with pectinolytic activity, exerts
such activity comparable to commercially used pectinase enzymes in the textile industry, but requires less tempera-
ture for activity.

Conclusion Quantitative evaluation of enzyme activity indicates the potential of the bacterial species for use
in the bioscouring of cotton knit fabric.
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Background

Pectinases are a unique group of enzymes that catalyze
the degradation of pectic compounds, such as pectins,
propectins, pectinic acid, and pectic acid [1, 2]. Pectic
substances, which consist of long galacturonic acid pil-
lar chains, are essential constituents of the middle lamella
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and primary cell wall of plants [2, 3]. Pectinases are natu-
rally involved in the metabolic activities of plants, fungi,
and bacteria [2]. In plants, they play a role in multiple
processes, including cell wall metabolism and extension,
cell growth and senescence, ripening of fruits, and tis-
sue softening at the time of maturation [3]. They act by
catalyzing the breakdown of glycosidic bonds of the long
chains of galacturonic acid residues in pectic substances
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and converting the polygalacturonic acid into monoga-
lacturonic acid [2].

Enzymatic catalysis is preferred over chemical methods
in several industries due to various advantages, such as
high specificity, high catalytic efficiency, less aggressive-
ness, and adjustable activity [3]. Pectinases have drawn
attention from researchers around the world because
of their application as a biological catalyst in multiple
industrial processes, including fruit juice extraction and
its clarification, cotton scouring, plant fiber degumming,
plant biomass liquefaction and saccharification, wastewa-
ter treatment, tea and coffee fermentations, paper mak-
ing, and vegetable oil extraction [1, 4]. This enzyme is
primarily derived from plants and microorganisms [2].
Microbial pectinases comprise 25% of the worldwide
market for food and industrial enzymes, and their value
is consistently increasing [3]. Nevertheless, researchers
continue to encounter challenges in the areas of iden-
tifying unique microbial pectinases, elucidating their
mechanisms of action, and increasing production capac-
ity. Bacterial pectinases were shown to have activity in
industrial settings [2], and many bacteria still remain
uncharted for their pectinolytic activity. The discovery of
pectinolytic activity in bacteria and the associated genes
may improve industrial processes to be more sustainable.

Raw cotton consists of on average 92% cellulose, along
with a complex mixture of non-cellulosic natural impuri-
ties, such as fats, waxes, pectins, and proteins [5]. These
impurities impart hydrophobic nature and interfere with
aqueous chemical processes on cotton, including dyeing
and finishing [5, 6]. In order to generate fibers that are
highly wettable and suitable for uniform finishing and
dyeing, hydrophobic impurities are eliminated through
the alkaline scouring process. This process entails sub-
jecting the cotton to simmering with hot aqueous sodium
hydroxide [5]. Nevertheless, this procedure not only
eliminates non-cellulosic impurities but also undermines
the structure of the fabric through its attack on the cel-
lulose [7].

Bioscouring is an energy-efficient and ecologically sus-
tainable technique that eliminates non-cellulosic impuri-
ties from fiber by increasing the hydrophilic nature of the
fiber surface through the action of particular enzymes [5,
8]. This method circumvents the negative impacts of cel-
lulose depolymerization and fiber strength degradation,
as well as ecosystem contamination that is linked to the
application of abrasive chemicals in conventional alkaline
scouring. The most complex noncellulosic constituent in
the fiber’s primary wall is pectin, which can be degraded
and solubilized using pectinase enzymes [5]. Pectinases
can be divided into two main groups: acidic and alkaline
pectinases. Acidic pectinases are produced mainly by
fungi, and these enzymes can be used for the clarification
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of fruit juices, whereas alkaline pectinases are produced
primarily by alkalophilic bacteria [9] and are effective in
bioscouring of natural cellulosic fibers such as cotton,
hemp, linen, and blends [7, 8]. As a result, it is critical to
identify pectinase-producing bacterial strains and assess-
ing the potential of pectinase derived from these bacteria
in bioscouring and enhancing fabric wettability.

Bioconversion of lignocellulosic biomass, which is a
promising renewable feedstock for biofuel production,
can be achieved through a series of processes: physico-
chemical pretreatment and lignin removal to expose cel-
lulose and hemicellulose, hydrolysis of carbohydrate
polymers to produce free sugars, and fermentation of
free sugar to produce bioethanol [10, 11]. The enzymatic
hydrolysis of cellulose is influenced by its accessibil-
ity [10]. Pectin degradation methods must be optimized
in order to efficiently produce biofuels from raw bio-
mass because pectin can influence the accessibility of
other cell wall components to enzymatic degradation
due to the cellulose-hemicellulose network in the cell
wall being embedded in a pectin matrix [12]. Pectinase
degrades pectic substances present in cell walls, lower-
ing medium viscosity and softening tissues [13]. A previ-
ous study demonstrated that the removal of pectin from
fiber hemp by pectinase treatment increased cell wall
surface, improving the accessibility of cellulose to degra-
dative enzymes and enhancing conversion to free sugars
[14]. As a result, screening bacterial strains capable of
producing pectinase may be useful in biotechnological
approaches for using lignocellulosic biomass for biofuel
generation.

The purpose of this study was to taxonomically iden-
tify a bacterial strain capable of producing pectinase and
assess its pectinolytic activity qualitatively and quantita-
tively, as well as test its bioscouring potential.

Materials and methods

Isolation of pure cultures of bacteria

The microbial cultures used in this study had been
obtained from a spurious growth in selectable minimal
medium plates (NaCl 6.0 g/l, (NH,),SO, 1 g/l, KH,PO,
0.5 g/l, K,HPO, 0.5 g/1, MgSO,.7H,0 0.2 g/, CaCl,.2H,0
0.1 g/l) using 1.2% agar supplemented with pectin (0.5%
w/v) as the sole carbon source, which was originally
prepared for the selection of a specific recombinant
bacterium. Pure cultures were obtained using the Luria—
Bertani (LB) agar medium (1.5% (w/v) agar and 2% (w/v)
LB) through multiple subcultures.

Screening of pectinase-producing bacteria and qualitative
assessment of pectinase activity

Bacteria from pure culture plates were streaked on a
minimal agar medium containing pectin (0.5%) as the
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sole carbon source. In each of these pectin-minimal agar
media plates, the non-pectinolytic Escherichia coli was
inoculated as a control. Following incubation of these
streaked plates at 37 °C for 48 h, pectin degradation was
determined by flooding the plates with freshly prepared
0.1% (w/v) Congo Red solution in water, followed by de-
staining with 1 M NaCl solution. A clear zone around
the growth indicated the ability to break down pectin. To
further assess pectinase activity, this strain was streaked
on a pectin-LB-agar medium (2% (w/v) LB, 1.2% (w/v)
agar, and 0.5% (w/v) pectin) [15]. Here, as well, two non-
pectinolytic E. coli bacterial strains were used as negative
controls. One of these was a natural strain of E. coli, and
the other was a transformed E. coli harboring a pGLO
plasmid.

Evaluation of the growth characteristics

A single colony of the pectin-degrading isolate was inoc-
ulated into 2% LB (w/v) broth in wells of a new 96-well
plate. The plate was then incubated in a shaking incuba-
tor at 37 °C with orbital shaking at 140 rpm for 26 h. The
optical density (OD) at 600 nm was measured at inter-
mittent times over the period using a microplate reader
(Gentaur/GDMS, Belgium), and a growth curve was gen-
erated by plotting the ODs at different time points [16].

Assessment of pectin-degrading activity and thermal
stability of crude pectinase enzyme

Following bacterial growth in minimal broth medium
with 0.5% pectin at 37 °C in a rotary shaker at 140 rpm,
cells were precipitated by centrifugation at 4000x g for
10 min at 4°C in 50 ml tubes, washed with freshly pre-
pared cold phosphate-buffered saline (PBS) (003002,
Invitrogen) and then resuspended in PBS. Cells were rup-
tured by sonication on ice and cell-free crude extract was
collected following centrifugation at 4000x g for 10 min
at 4°C in 50 ml tubes. The total protein concentration was
determined by measuring absorbance at 280 nm using
a UV/Vis Spectrophotometer (OPTIMA SP-3000nano,
Japan). Pectinase activity in crude extract was evalu-
ated following the Nelson-Somogyi method [17, 18]. The
pectin degrading activity was evaluated at four differ-
ent temperatures (30, 40, 50, and 60 °C), each with three
replicates. For each replicate, crude enzyme (1 mL) was
mixed with 0.2 mL of 0.5% pectin in Eppendorf tubes
and then incubated in heat blocks for 2 h. With 1 mL of
this incubated solution, 2 mL of Somogyi copper reagent
[19] was added, and the tubes with the mixture were set
in boiling water for 10 min. The tubes were cooled to
room temperature and 1 mL of the Nelson arsenomo-
lybdate reagent [19] was added. The Somogyi Copper
reagent was prepared with the absorbance of molybde-
num blue and was measured at 520 nm using the UV/
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Vis spectrophotometer. A standard curve for measuring
the released reducing sugar was generated using known
concentrations of D-glucose. The Somogyi Copper rea-
gent was formulated using 18% (w/v) Na,SO, (Wako
Pure Chemical Industries Osaka, Japan), 1.2% potassium
sodium tartrate (w/v) (Wako Pure Chemical Industries
Osaka, Japan), 2.4% Na,CO; (w/v) (Merck Darmstadt,
Germany), 0.4% CuSO,.5H,0 (w/v) (Merck Darmstadt,
Germany), and 1.6% NaHCO; (w/v) (Merck Bombay,
India). The Nelson arsenomolybdate reagent was pre-
pared using 5% (NH,)¢Mo,0,,.4H,0 (w/v) (Carl Roth,
Karlsruhe, Germany), 0.6% AsHNa,0,.7H,0 (BDH,
Germany), and 4.2% Benzoic acid (Merck, Darmstadt,
Germany).

Molecular identification and characterization
of the screened isolate
The pectinase-producing bacteria were cultured in LB
(2% (w/v)) broth at 37 °C for 16 h in a shaking incubator
at 140 rpm. The culture was centrifuged at 16,000 x g for
10 min in a 1.5-ml tube, the supernatant was removed,
and the pellet was washed with 500 pl of PBS, followed
by centrifugation at 16,000 g for 10 min and removal of
the supernatant. The pellet was then mixed with 150 pl
of 10% (w/v) Chelex®-100 (C7901, Sigma) in ultrapure
water, vortexed vigorously, and incubated at 95 °C for
10 min with intermittent vortexing. The solution was
centrifuged at 16,000 g for 10 min, and the supernatant
with the genomic DNA was collected for amplifying the
16S ribosomal RNA gene (rDNA) [20].

16S rDNA gene sequence was amplified in a reaction
total reaction volume of 25 pl containing 1.5 ul of the
DNA sample), 2.5 pl of 10X PCR buffer (EP0702, Thermo
Fisher Scientific), 1.0 ul of ANTP mix (10 mM), 0.5 ul of
each forward (16S_357F: CTCCTA CGGGAGGCAGCA
@G) and reverse (16S_1100R: AGGGT TGCGCTCGTTG)
primers (10 uM), 0.2 ul of Taq DNA polymerase (EP0702,
Thermo Fisher Scientific), and nuclease-free water using
a thermal cycler following an initial denaturation step at
94°C for 3 min, then 30 cycles—each with denaturation
at 94°C for 30 s, annealing at 61°C for 1 min, and elon-
gation at 72°C for 1 min., followed by the final extension
at 72°C for 5 min. The amplified products were resolved
in 1.2% (w/v) agarose gels using 1xTris Acetate EDTA
(TAE) buffer along with a DNA size marker (300003,
GeneON). Amplified DNA sequences were visualized
in a gel documentation system following electrophore-
sis in a 1.2% (w/v) agarose gels [21]. PCR products were
purified using the FavorPrep” GEL/PCR Purification
Kit (FAGCK 001, Favorgen Biotech Corp.) following the
manufacturer’s protocol, and purified PCR products were
sequenced following the Sanger sequencing with a com-
mercial service. To identify the nearest neighbors of the
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pectinase-producing isolate, the resulting DNA sequence
was subjected to the NCBI Basic Local Alignment Search
Tool (BLAST) [22]. The BLAST search was restricted to
16S rRNA (Bacteria and Archaea). Additionally, mod-
els (XM/XP) and uncultured/environmental samples
were also filtered out. In the MEGA11 software [23], this
sequence was aligned with the top 50 high-similarity
sequences obtained from the BLAST search using the
ClustalW program [24], and a phylogenetic tree was con-
structed by the neighbor-joining (NJ) method with 1000
bootstrap.

Enzyme activity tests on fabric

Single jersey cotton knit fabric samples of 155 GSM
(gram per square meter) were collected from Micro-
fibre Group, Bangladesh. The pre-treatment auxiliary
detergent KS-10 was collected from Tubingen Chemi-
cals (BD) Ltd., Bangladesh. Reactive dye (Rb. Red 3BX)
and other chemicals that were used in the dyeing solu-
tion (46 g/l Glauber salt, 18 g/l soda ash, 10 g/l leveling
agent, 10 g/l sequestering agent, and 20 g/I anti-creasing
agent) were collected from Orient-Chem Ltd., Bangla-
desh. Pectinase enzyme for use as control was collected
from Tubingen Chemicals (BD) Ltd., Bangladesh. The
commercial enzyme is usually used in the textile industry
for fabric bioscouring as an amount of 1 g/l with 0.2 g/l
detergent in a pretreatment bath (pH 7.9) for 60 min at
60 °C, and then, a hot wash is done with 0.5 g/l deter-
gent in wash bath for 20 min at 90 °C. The pH value was
6.9 when the fabric was treated within a bath containing
the 1 g/l crude extract with 0.2 g/l detergent for 60 min
at 37 °C, and the same hot washing process was carried
on the crude extract treated fabric. In enzymatic treat-
ment fabric weight was 20 gm, and the material-to-liquor
ratio was 1:10. Both of the enzyme-treated fabric samples
were dyed according to industrial recipe with 2% reactive
dye at 60 °C for 90 min. Here, the fabric weight was 5 gm
and the material-to-liquor ratio was maintained at 1:10.
As per the instruction of the dyeing recipe, the dye was
taken based on the weight of the fabric and all chemi-
cals with auxiliaries were measured for 50 ml. Excluding
soda ash, other chemicals, auxiliaries, dyes, and fabric
were put on the dye pot with the adjustment of water for
50 ml and set in the dyeing machine at 60 °C. Soda ash
was not added at this stage to prevent alkaline hydrolysis
of reactive dyes. Thirty minutes later, soda ash was added
to the dye bath and run for an additional 60 min. Dyed
fabrics were washed following sequential cold wash, acid
wash (50% acetic acid, 1 g/l), first hot water wash, soap
wash, second hot water wash, and third hot water wash
to achieve good colorfastness of the dyed sample. Cold
wash was done for 7 min at room temperature, and each
hot wash was run for 7 min at 95 °C. ECO dyer (ECO-18,
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Xiamen Rapid Co., Ltd. China) was used for the enzy-
matic pre-treatment and dyeing processes.

Wettability test

The absorbency of the enzyme-treated cotton fabric was
evaluated using the vertical wicking test (AATCC 197,
2022 Edition, 2022), and the level of absorbency of the
enzyme-treated cotton fabric was determined by measur-
ing the color absorption time and distance traveled by the
liquid when a cut edge of the fabric is submerged into 1%
dye solution.

Measurement of color difference

Using the principle of the International Commission
on Illumination (usually abbreviated CIE for its French
name, Commission internationale de I'éclairage), a spec-
trophotometer (datacolor 850) was utilized to determine
the color difference (variations in shades) between col-
lected and prepared pectinase enzyme-treated samples
[25]. If the color difference (DE) is equal or less than 1,
the shade is counted acceptable [26].

Fourier transform infrared spectroscopy (FT-IR) analysis
FT-IR spectrometer (ABB MB3000) was used to analyze
the fabric samples. The untreated and enzyme-treated
cotton samples were folded which was then scanned indi-
vidually and recorded separately. The scanned data was
transferred to Origin software (OriginLab Corp.) and
plotted transmittance percentage against wave number
(cm™!) values.

Statistical analysis

All the experiments were performed using at least
three replicates. All statistical analyses were performed
using Microsoft Excel and GraphPad Prism (version 6)
software. The data are presented as mean *standard
deviation.

Results and discussion

Bacterial isolate with pectin degrading abilities

The bacterial isolate selected on a pectin-minimal
medium showed pectinolytic activity in the Congo red
assay (Fig. 1a). The clear zone formed around the bacte-
rial growth demonstrated the isolate’s pectin degradation
capabilities. In the region where the control E. coli strains
grew, no such zone was observed. This activity was cor-
roborated further by detecting a comparable clear zone
in the Congo red-washed pectin-LB-agar plate with the
screened bacteria (Fig. 1b). The pectinase-producing iso-
late exhibited typical growth characteristics of bacteria
(Fig. 2).
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Fig. 2 Growth curve of the pectinolytic bacterial isolate

Activity of the crude enzyme extract at different
temperatures

D-galacturonate is released from pectin during the
degradation of pectin. p-galacturonate is a reducing
sugar and its release from pectin due to pectinolytic
activity was assessed at various temperatures. In Fig. 3,
the amount of monomers of pectin (Galacturonate)
released was compared to a reducing sugar standard
curve. The highest yields were obtained at tempera-
tures between 30 and 40°C, with mean amounts of lib-
erated reducing sugar exceeding 100 mg per liter.

Molecular identity of pectinase-producing bacteria

16S rRNA sequence similarity search using BLAST
revealed the highest similarity (~99.9% identity) of the
bacterial sequence with Burkholderia cepacia.

Multiple sequence alignments with 50 of the best hits
from this search produced a neighbor-joining tree shown
in Supplementary Figure 1. It showed the highest close-
ness with the species of B. ubonensis, B. dolosa, B. lat-
ens, B. multivorans, B. cenocepacia, B. vietnamiensis, B.
metalica, B. cepacia, and B. terrtorri (Supplementary
Figure 1).

Activity of the cell-free crude extract on cotton fabric

A wicking test was conducted to observe the wicking
rate in the untreated and enzyme-treated fabric (Fig. 4).
The average wicking rate is encouraging because of an
increased wicking height in the case of enzyme-treated
fabric than untreated fabric at the same parameters and
washing conditions. Surfactant adds to the process of
scouring through the removal of waxes and fats at high
temperatures, while the enzyme facilitates the removal of
pectic substances [27]. In the wicking test, water traveled
the largest distance in the cellular extract-treated fabric
compared to the controls (Fig. 4). In line with this experi-
ment, the water took the least time (in seconds) to travel
4 cm in height in the cellular extract-treated fabric.

The color difference of control and pectinase
enzyme-treated samples

Color difference CMC DE (color difference developed
by Color Measurement Committee) values between
control and cell extract-treated samples for 2% depth
of color are given in Table 1. Following the CIE Lab
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Table 1 The color difference between control and pectinolytic enzyme-treated dye-stained samples

Sample CIE L values CIE a values CIE b values CIE c values CIE h values CIE DE values CMC DE values
Control enzyme, 1 g/l 47.27 50.21 6.31 5061 717 1.07 0.51
Cell extract 1 ¢/l 47.56 5092 7.06 5140 7.89

principle, the L*, a* b* c* and h® values were meas- the CMC DE value. The acceptable limit of the CMC DE
ured by the difference between the values of dyed sam-  value is<1. The color difference values of the control
ples from commercially available enzyme and cellular  and the cell extract-treated dyed sample were within the
extract-treated fabric, which is then converted into acceptable range.
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The light transmittance of each sample was measured.
In this assay, particular attention needs to be given to
the aliphatic C-H stretch indicator at wavelengths of
2923 cm™! and 2885 cm™, hydroxyl group’s 3288 cm™},
and ester carbonyl’s 1732 cm™. These groups are present
in pectin, as well as the wax and the cuticle layer of the
cotton fibers. Cellulose is surrounded by a cuticle which
is composed of mainly wax and cutin; pectin acts as rein-
forcement among the constituents and bridges the cuti-
cle with the cell walls [28]. Effective pectic compounds’
degradation can lead to a decrease in these substances
and an increase in the transmittance values at those
wavelengths.

The graph from Fig. 5 shows the weaker intensity of the
characteristic bands of aliphatic CH stretch, hydroxyl,
and ester carbonyl wax and the cuticle layer of cot-
ton. The mono and tri-esoteric components like wax,
fat, and oil were removed with the detergent action.
The weakened and moved-out bands in the region of
1740 ~ 1200 cm ™! refer to the partial removal of pectin
[29]. The intensity of the peak is changed significantly
in the mentioned region from gray, and the bands are
almost identical to the commercial enzyme.

Discussion

The textile industry heavily relies on pectinase for scour-
ing the cotton fabrics. Novel enzymes are needed with
ready availability, increased efficacy for gentler fabric
processing, and reduced process cost. We have attempted
to study such a pectinase enzyme that came from an
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organism spuriously growing on pectin-containing cul-
ture plates.

After preliminary analyses through repeated cultures,
confirmation of the specific species was obtained through
a local alignment search using the 16S rRNA gene
sequence. 16S rRNA gene sequencing can be performed
using a ubiquitous set of primers and local alignment is
a powerful technique to mine the sequence database for
similarity.

The result from a BLAST search indicated that the bac-
teria in question is most probably Burkholderia cepacia.
This is an important finding since this species was not
previously reported to harbor pectin degradation activity.
Multiple sequence alignment through neighbor-joining
and subsequent bootstrapping is an established vigorous
procedure to remove alignment errors, and the results of
which show a similar outcome.

Its pectinase enzyme might have potential character-
istics useful for textile and other industries. To investi-
gate these abilities, several tests were undertaken. The
crude extracts were used to find the optimal temperature
for activity and were found to be between 30 and 40 °C,
much lower than the ones currently used in the textile
processing. As a result, lower temperatures can be used
for bioscouring, significantly reducing the cost for heat-
ing purposes to reach optimum fabric treatment.

The practical application of the crude extract from this
organism is promising because of an increased wick-
ing height in the conventional wicking test to measure
the wettability of fabrics. This increase in wicking height
can be attributed to the breakdown of pectic substances
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Fig. 5 Transmittance percentage against wave number values. The line identified as “gray” represents the untreated control. BS enzyme refers

to the commercial used enzyme
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by enzymatic treatment and removal by hot wash. The
greater the wicking height, the more the wettability of the
fiber. As shown in Fig. 4, treatment with cellular extract
increased the wettability of fabric, which was comparable
to the performance of a commercially available pectinase
enzyme used in the textile industry (data not shown).

The results indicate that during the treatment with
pectinase, the enzyme assisted in removing pectin and
also allowed the rapid access of detergent into the fiber
in the next step of hot wash at 90°C. Surfactant is a nec-
essary component in enzyme-based bioscouring and has
an impact on the removal of waxes and fats at high tem-
peratures, after the enzyme facilitates the removal of the
pectic substances.

The dye retention efficacy of the final fabric was also
measured using the established methods of the Color
Measurement Committee and showed acceptable results
for quality products. Fourier transform infrared spectros-
copy is another method that can show the abundance of
chemical bonds in the molecular level, and the results
from our analyses is proof of the fact that the relative
abundance of bond associated with pectic substances is
much lower in the treated samples.

The discovery of the pectinolytic ability in this bacte-
rial species can indeed lead to a better textile processing
method, requiring less temperature for bioscouring of
the raw cotton and producing better quality fabrics with
dye retainability. Further research is needed to know the
activity of the enzyme in alkaline condition that occurs
during cotton processing. Long-term research method-
ologies can include fabric strength measurements and
long-time wear-and-tear studies.

Conclusion

Bacteria are the major source of alkaline pectinases,
which are used in textile processing and bio-scouring
of cotton fibers, degumming and retting of fiber crops,
pretreatment of pectic wastewaters from fruit juice
industries, coffee and tea fermentations, paper mak-
ing, and enzyme based oil extraction. Most of the fungal
pectinases are acidic and unsuitable for use in indus-
trial processes requiring neutral to alkaline pH condi-
tions. Additionally, bacterial strains are preferred over
fungal strains for industrially relevant enzyme pro-
duction because of the ease of the scale-up process,
strain improvement, and application of other modern
approaches to increase production yield. In this study,
we have identified a previously unreported bacterial spe-
cies capable of producing pectin-degrading enzymes.
Quantitative evaluation of enzyme activity indicated the
potential of the strain to be used for an industry-level
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production of pectinase enzyme. Additionally, the appli-
cation of the enzyme on raw cotton indicated that this
new enzyme shows comparable activity to commercially
available ones, but requires less temperature for activity.

Abbreviations

pGLO A recombinant plasmid that harbours the green fluorescent
protein

oD Optical density

RPM Rotation per minute

FDR False discovery rate

LB medium  Luria-Bertani medium

w/v Weight/volume

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/543141-023-00596-5.

Additional file 1: Figure S1. Neighbor-joining (NJ) tree based on the 165
rRNA gene sequence of the selected pectinolytic bacteria. The numbers
on the branches of the NJ tree represent bootstrap support values. NCBI
GenBank accession numbers of the individual sequences are written in
front of each species name.

Acknowledgements

This study was supported by Bangladesh Climate Change Trust Fund, Ministry
of Environment, Forest and Climate Change, Bangladesh and PhosAgro/
UNESCO/IUPAC research grants in green chemistry to AAS. The authors are
thankful for the support.

Authors’ contributions

SSS: acquisition of the data, analysis, and manuscript preparation. KF: acquisi-
tion of the data and analysis. RBD: acquisition of the data and manuscript
preparation. AB: analysis of the data and manuscript preparation. PH: con-
ceptualization and manuscript reviewing. MMR: manuscript reviewing. MZU:
manuscript reviewing. AAS: conceptualization, interpretation, and manuscript
reviewing. All authors have read and approved the manuscript.

Funding
PhosAgro/UNESCO/IUPAC research grants in green chemistry and Bangladesh
Climate Change Trust Fund.

Availability of data and materials
All data generated or analyzed during this study are included in this published
article.

Declarations

Ethics approval and consent to participate
This study neither involved any human or animal, and hence, no ethical
approval was required.

Consent for publication
This study did not involve any human and personal data (any individual
details, images, or videos), and hence, no consent for publication is required.

Competing interests

The authors have no competing interests to declare.

Received: 1 July 2023 Accepted: 9 November 2023
Published online: 23 November 2023


https://doi.org/10.1186/s43141-023-00596-5
https://doi.org/10.1186/s43141-023-00596-5

Shoily et al. Journal of Genetic Engineering and Biotechnology

References

1.

2.

20.

21

22.

23.

24.

25.

Jayani RS, Saxena S, Gupta R (2005) Microbial pectinolytic enzymes: a
review. Process Biochem 40:2931-2944

Satapathy S, Rout JR, Kerry RG, Thatoi H, Sahoo SL (2020) Biochemical
prospects of various microbial pectinase and pectin: an approachable
concept in pharmaceutical bioprocessing. Front Nutr 7:117

Haile S, Ayele A (2022) Pectinase from microorganisms and its industrial
applications. ScientificWorldJournal 2022:1881305

Algahtani YS, More SS, RK, Shaikh IA, K JA, More VS, Niyonzima FN, et al.
Production and purification of pectinase from Bacillus subtilis 15A-B92
and its biotechnological applications. Molecules. 2022,27(13):4195.
Colombi BL, De CéssiaSiqueiraCurto Valle R, Borges Valle JA, Andreaus
J(2021) Advances in sustainable enzymatic scouring of cotton textiles:
evaluation of different post-treatments to improve fabric wettability.
Clean Eng Technol 4:100160

Klug-Santner BG, Schnitzhofer W, Vrsanska M, Weber J, Agrawal PB,
Nierstrasz VA, Guebitz GM (2006) Purification and characterization of a
new bioscouring pectate lyase from Bacillus pumilus BK2. J Biotechnol
121:390-401

Wan+g Q, Fan X, Hua Z, Gao W, Chen J (2007) Degradation kinetics of
pectins by an alkaline pectinase in bioscouring of cotton fabrics. Carbo-
hyd Polym 67:572-575

Garg G, Singh A, Kaur A, Singh R, Kaur J, Mahajan R (2016) Microbial
pectinases: an ecofriendly tool of nature for industries. 3 Biotech 6:47
Kashyap DR, Chandra S, Kaul A, Tewari R (2000) Production, purification
and characterization of pectinase from a Bacillus sp. DT7. World J Micro-
biol Biotechnol 16:277-282

Adewuyi A (2022) Underutilized lignocellulosic waste as sources of
feedstock for biofuel production in developing countries. Front Energy
Res 10:741570

. Brethauer S, Studer MH (2015) Biochemical conversion processes of

lignocellulosic biomass to fuels and chemicals - a review. Chimia (Aarau)
69:572-581

Xiao C, Anderson CT (2013) Roles of pectin in biomass yield and process-
ing for biofuels. Front Plant Sci 4:67

Mahato N, Sharma K, Sinha M, Dhyani A, Pathak B, Jang H, Park S et al
(2021) Biotransformation of citrus waste-I: production of biofuel and valu-
able compounds by fermentation. Processes 9(2):220

Pakarinen A, Zhang J, Brock T, Maijala P, Viikari L (2012) Enzymatic acces-
sibility of fiber hemp is enhanced by enzymatic or chemical removal of
pectin. Bioresour Technol 107:275-281

Haile S, Masi C, Tafesse M (2022) Isolation and characterization of
pectinase-producing bacteria (Serratia marcescens) from avocado peel
waste for juice clarification. BMC Microbiol 22:145

McBirney SE, Trinh K, Wong-Beringer A, Armani AM (2016) Wavelength-
normalized spectroscopic analysis of Staphylococcus aureus and Pseu-
domonas aeruginosa growth rates. Biomed Opt Express 7:4034-4042
Nelson N (1944) A photometric adaptation of the Somogyi method for
the determination of glucose. J Biol Chem 153:375-380

Biz A, Farias FC, Motter FA, de Paula DH, Richard P, Krieger N, Mitchell

DA (2014) Pectinase activity determination: an early deceleration in the
release of reducing sugars throws a spanner in the works! PLoS ONE
9:109529

Gusakov AV, Kondratyeva EG, Sinitsyn AP (2011) Comparison of two
methods for assaying reducing sugars in the determination of carbohy-
drase activities. Int J Anal Chem 2011:283658

de Lamballerie X, Zandotti C, Vignoli C, Bollet C, de Micco P (1992) A one-
step microbial DNA extraction method using “Chelex 100" suitable for
gene amplification. Res Microbiol 143:785-790

Lee PY, Costumbrado J, Hsu CY, Kim YH (2012) Agarose gel electrophore-
sis for the separation of DNA fragments. J Vis Exp 62:3923

Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ (1990) Basic local
alignment search tool. J Mol Biol 215:403-410

Tamura K, Stecher G, Kumar S (2021) MEGA11: molecular evolutionary
genetics analysis version 11. Mol Biol Evol 38:3022-3027

Thompson JD, Higgins DG, Gibson TJ (1994) CLUSTAL W: improving

the sensitivity of progressive multiple sequence alignment through
sequence weighting, position-specific gap penalties and weight matrix
choice. Nucleic Acids Res 22:4673-4680

Robertson AR (1990) Historical development of CIE recommended color
difference equations. Color Res Appl 15:167-170

(2023) 21:136

26.

27.

28.

29.

Page 9 of 9

McDonald R (1988) Acceptability and perceptibility decisions using the
CMC color difference formula. Textile Chem Color 20:31-37

Tzanov T, Calafell M, Guebitz G, Cavaco-Paulo A (2001) Biopreparation

of cotton fabrics. Enzyme and Microbial Technology - ENZYME MICROB
TECHNOL 29:357-362

Yan H, Hua Z, Qian G, Wang M, Du G, Chen J (2009) Effect of cutinase

on the degradation of cotton seed coat in bio-scouring. Biotechnol
Bioprocess Eng 14:354-360

Hannan MA, Haque P, Kabir SMF, Rahman MM (2018) Scope of sustainable
pretreatment of cotton knit fabric avoiding major chemicals. J Nat Fibers
17:623-634

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	The pectinolytic activity of Burkholderia cepacia and its application in the bioscouring of cotton knit fabric
	Abstract 
	Background 
	Results 
	Conclusion 

	Background
	Materials and methods
	Isolation of pure cultures of bacteria
	Screening of pectinase-producing bacteria and qualitative assessment of pectinase activity
	Evaluation of the growth characteristics
	Assessment of pectin-degrading activity and thermal stability of crude pectinase enzyme
	Molecular identification and characterization of the screened isolate
	Enzyme activity tests on fabric
	Wettability test
	Measurement of color difference
	Fourier transform infrared spectroscopy (FT-IR) analysis

	Statistical analysis

	Results and discussion
	Bacterial isolate with pectin degrading abilities
	Activity of the crude enzyme extract at different temperatures
	Molecular identity of pectinase-producing bacteria
	Activity of the cell-free crude extract on cotton fabric
	The color difference of control and pectinase enzyme-treated samples

	Discussion
	Conclusion
	Anchor 26
	Acknowledgements
	References


