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Abstract

Greater wax moth (GWM), Galleria mellonella (Lepidoptera: Pyralidae), is a destructive pest of honeybee
hives. They lay eggs in the bee hives; and the hatched larvae feed on beeswax. The unique ability of
GWM to digest the beeswax that contains ethene (CH2=CH2) bond has attracted attention because
the same bond is also present in plastic polymers. Polymer-digesting ability, being a very uncommon
among animals, we suspected a assistive role of gut bacteria of the insect in the process. The present
study aimed to isolate and characterize potential polymer-degrading bacteria from GWM gut, following
a culture-dependent approach, and to characterize them morphologically, biochemically, and with
16S rDNA sequences. We also intended to study polymer-degrading abilities of those bacteria, and check
the presence of esterase, one of the most potent enzymes involved in plastic polymer degradation,
using tributyrin agar test. We found nine bacterial isolates from GMW gut. Out of them, six showed
positive results for plastic degradation to varying extents (19.3-31.2%), after 30 days of co-culture with
plastic sheets. The esterase enzyme was found to be present in all of them in a qualitative test. Through
16S rDNA sequencing, four isolates were identified as gram-negative Serratia marcescens strains,
one as gram-negative Ralstonia pickettii and one as gram-positive Bacillus cereus, some of which are
known potential polymer degraders. Therefore, our hypothesis of involvement of gut bacteria in the
digestion of polymers by Greater wax moth larvae was perhaps correct. There is possibility of exploiting
the bacterial isolates for plastic-pollution remediation; after deeper and further experimentation.
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INTRODUCTION

Greater wax moth (GWM; Galleria
mellonella Linnaeus) is an important lepidopteran
insect that has drawn researchers’ attention due
to its rare ability to eat and digest beeswax. It was
first reported in colonies of the Asian honeybee,
A. cerana* and considered an economically
important pest of honeybees due to its destructive
feeding habit.? AlImost 60-70 percent of economic
losses are faced by beekeeping industries in
developing countries because of this infamous
pest.® The adults of G. mellonella emerge in
the bee hives and lays eggs. The hatched larvae
bores into the combs and starts feeding on the
wax of the comb and other materials such as
pollen, dead bees, propolis, and pupal cases of
bees.* Severe greater wax moth infestation is
encountered throughout the year, especially from
May to September. Almost 90 percent of GWM
infestations in India are reported in the colonies
of Apis dorsata.®

Beeswax is a naturally occurring polymer
composed of monoesters, fatty acids and other
substances. Beeswax shares its structure with
common plastic polymers; both having the same
CH2=CH2 bonds.® Recent studies indicate that
two invertebrates, Indian meal moth (Plodia
interpunctella) and GWM, have the capacity to
degrade plastics.”® During biodegradation of plastic
by these worms, their gut microbes presumably
play key roles in plastic depolymerisation. The
role of gut microbes in plastic depolymerisation
by yellow meal worm was confirmed earlier by
feeding the worms with gentamycin. Upon feeding
with the antibiotic, the plastic depolymerisation
was inhibited.®

Meanwhile, it is also known that some
microorganismes are capable of utilizing polythene
as a carbon source® by adhering to the surface
of the polythene film. On degradation, the long
polymeric chains are cleaved to form short, low-
molecular weight chains. Such microorganisms
were reported to produce certain enzymes
involved in this plastic degradation process.*
These enzymes are referred to as hydrolytic
enzymes that functions in the presence of water
and degrades plastic polymers into simpler units.
Some of the enzymes include esterases, lipases,
depolymerases, and PETases.'? The present study

was undertaken to characterize the potential
polymer-degrading bacteria with beneficial
enzyme activity from the gut of GWM.

MATERIALS AND METHODS

Collection and maintenance of GWM

The GWM larvae were collected from the
Department of Entomology, Assam Agricultural
University, Jorhat. The larvae were reared
at the optimum temperature of 30°C, and
were maintained for long term feeding with
the natural diet, bees wax, obtained from
commercial beekeepers. Usually large polyethylene
terephthalate (PET) containers (HDPE, grade 34),
30 cm (length) x 15 cm (diameter), were used for
rearing and maintenance. Tiny wholes were made
in the lids for aeration.

Rearing of larvae on artificial feed and plastic

For our experiments, the larvae were
reared in similar containers, and were fed on
an artificial media that was prepared following
previous reports.’® This mixture of artificial
media was highly nutritious for the growth and
development of the larvae.

Isolation of gut bacteria from GWM larvae

The standard procedure by Anand
et al.** was followed to isolate the GWM gut
bacteria, with a few modifications. In a nutshell,
ten healthy larvae were starved for 24 hours to
ensure good feeding by them. The larvae were
then surface sterilised with 0.1% (v/v) sodium
hypochlorite (Himedia, India) or 70% (v/v) ethanol
(Himedia), by wiping with soft brushes dipped in
the respective reagent. After immediate rinsing
in sterilized water, the larvae were carefully
dissected with sterile forceps and micro scissors,
to get the complete guts. The isolated guts were
crushed in phosphate buffer using a sterile mortar
and pestle to achieve uniform homogenization.
These suspensions were then collected in micro
centrifuge tubes containing 0.9% NaCl (Himedia).
After homogenising the mixture, several dilutions,
such as 10%, 102, 103, 104, 10°, 10° and 107,
were made. Using the spread plate method, the
homogenates were then plated on Nutrient agar
media (NA; Himedia). Inoculated plates were
incubated at 30°C and checked every 24 hours
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for of bacterial colonies, for up to 72 hours. The
isolated individual colonies were maintained as
pure cultures by streak plate method on fresh NA
plates.

Morphological and biochemical characterization

Morphological and biochemical
characterization were performed on pure cultured
bacterial colonies. Observations were made
on the basis of five colony characters: shape,
margin, colour, elevation, and texture of the
colony surface.?® This was done either visually or
using a basic stereo microscope (SZX7, Olympus,
USA), if needed. Gram-staining was done using
the standard methodology. Several biochemical
assays such as catalase reduction test, motility
test, and citrate utilisation test were performed
using available kits (Himedia, India). For carrying
out these assays, the manufacturer's instructions
were followed.

Bacterial screening based on plastic degradation
assay

Plastic sheets were prepared from
commercial polythene bags. The sheets were
washed with distilled water, followed by acetone
and ethanol, in order to remove traces of dirt.
Thereafter, those were rinsed in sterile water, dried
and cut into nearly circular discs (of nearly 2 cm
diameter), each weighing 15 mg. Then they were
transferred to conical flasks containing 30 mL of
carbon-free artificial media prepared with 0.1%
(NH,),SO,, 0.1% NaNO,, 0.1% K,HPO,, 0.1% KCI,
0.02% MgSO,, and 0.001% yeast extract (Himedia)
in distilled water. The plastic sheets serve as sole
carbon source for the microbes. Single bacterial
colonies were picked and inoculated in Nutrient
broth (NB) medium, and incubated at 30°C in 200
rpm in an incubator-shaker for 12 hours to obtain
an optical density of 0.5 at 600 nm wave-length.
One millilitre of this inoculum was added to 30
mL of the above carbon-free media containing the
plastic discs. A control (E. coli) was maintained in
similar conditions (30°C in 200 rpm) with plastic
discs, to nullify any non-specific effect. These flasks
were individually maintained for each treatment
and left in a shaker for 30 days. After that period,
the plastics discs were collected, washed, dried
and re-weighed for final weight. Subsequently, the
loss of weight of each disc was calculated.

Determination of esterase enzyme activity
Tributyrin agar (TBA) is a type of agar
plate that's commonly used to screen for lipolytic
bacterial strains by looking for a clear zone around
colonies. This clear zone indicates the presence of
lipase or esterase activity. Qualitatively, a thicker
zone indicates production of more enzymes and
vice-versa. In our study, TBA was prepared from 5
g peptone, 3 g beef extract, 0.1 g CaCl,/MgCl,, 20
g agar and 10 mL tributyrin (Himedia) in 1000 mL
dislilled water. Sterile TBA plates were inoculated
with the bacterial samples by spot culture
technique. These plates were then incubated
at 30°C for 24-48 hours. The bacterial isolates
were observed to grow in those plates, creating
zones of hydrolysis surrounding the growth of
each organism.'® The loss of opacity of the TBA
media is an indication of occurrence of hydrolytic
reaction yielding free fatty acids and soluble
glycerol. Therefore, appearance of clear zones
indicate activity of esterase enzyme produced by
the bacterial colonies. Any such clear zone was
not observed in the media inoculated with E. coli,
which was considered as a negative control.

Genomic DNA isolation

The genomic DNA of the bacterial
isolates was isolated using the protocol given by
Wilson.'” A single bacterial colony picked from
an overnight grown plate was inoculated in NB
medium (Himedia) and incubated overnight at
30°C to obtain an optical density of approx. 1 at
600 nm. Two millilitres of the bacterial culture
was centrifuged (12,000 rpm at 4°C, 2 min) and
the supernatant was discarded. The pellet was
then suspended in Tris (10 mmol/L)-EDTA (1
mmol/L) buffer (Himedia) followed by addition
of 30 plL of 10% sodium dodecyl sulphate, 3 uL
of 20 mg/mL Proteinase K and 3 pL RNase (1
pug/mL; Himedia, India). The tubes were mixed
thoroughly and incubated for 1 hr at 37°C. Later,
80 pL of cetyltrimethylammonium bromide
(CTAB)/NaCl solution (Himedia) was added to
this suspension, and thoroughly mixed. It was
followed by incubation at 65°C for 10 min. Equal
volume of chloroform/isoamyl alcohol (Himedia)
was added and mixed gently by inversion. The
mixture was centrifuged in the same condition
for 4-5 min. The aqueous phase was transferred
to a fresh tube and the DNA was extracted using
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equal volume of phenol/chloroform/isoamyl
alcohol (25:24:1) (Himedia) followed by spinning
in a microcentrifuge at 12,000 rpm for 5 min. The
supernatant was transferred to a fresh tube and
double volume of ice-cold isopropanol (Himedia)
was added to precipitate the nucleic acids. The
tube was shaken back and forth until a whitish
DNA precipitate appeared. The tube was then
centrifuged (4°C at 12,000 rpm, 10 min) and the
DNA pellet were washed once with 70% ethanol
(Himedia) to remove any residual CTAB. The tubes
were centrifuged again (12,000 rpm) at room
temperature for 5 min to re-pellet the nucleic acid.
The supernatant was discarded; the pellet was
dried and dissolved in 100 pL of Tris-EDTA buffer
(10 mM Tris, 0.1 mM EDTA; pH 8.0).

PCR amplification of 16S rRNA gene and
sequencing of amplicons

A part of 16S rRNA gene of the bacteria
was amplified using the universal primers
27F (5'-AGAGTTTGATCMTGGCTCAG-3’) and 1492R
(5'-TACCTTGTTACGACTT-3’). The sequences of
the primers were taken from Thakur et al.® A
PCR reaction of 40 puL composed of 20 uL PCR
master mix (EmeraldAMP® Max, Takara, Japan), 4

uL each of the primers (1 umol/L; Sigma-Aldrich,
USA), 4 pL of the extracted DNA template (100
ng) and 8 uL of sterile water. The PCR profile
was programmed with initial denaturation at
94°C for 7 min, denaturation at 94°C for 1 min,
annealing at 51°C for 1 min, extension at 72°C
for 1 min 30 s, and final extension at 72°C for 5
min; total 35 cycles. The amplified PCR products
were detected on a 1.2% agarose gel using a 1
kb DNA ladder (Dye Plus, Takara, Japan) at 70 V
for 45 min. Using the GenElute Gel Extraction Kit
(Sigma-Aldrich), the PCR products of size nearing
1.5 kb were purified. The purified amplicons
were sequenced by Sanger sequencing (Bioserve
Technologies, India). Sequencing was performed
using the aforementioned primers, and the final
contigs were assembled with BioEdit 7.2 biological
sequence alignment editor using the two counter-
reads. The sequences were examined using BLASTn
(www.ncbi.nlm.nih.gov) and probable bacterial
genera and species were identified.

Phylogenetic analysis of the 16S rDNA sequence
contigs

The sequence contigs obtained above
were subjected to phylogenetic analysis in order

Figure 1. Holes made by larvae of Greater wax moth in a plastic sheet (shown with arrows)
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to assign a taxonomic position to their respective
source bacterial isolates. The NCBI database was
used to identify the closest neighbours of the
isolates followed by a comparative BLAST analysis
(www.ncbi.nlm.nih.gov) of each contig. The
software used for construction of the phylogenetic
tree was Molecular Evolutionary Genetic Analysis
(MEGA11), using the MUSCLE tool and the
neighbour-joining method of Saitou and Nei.™

RESULTS

Isolation and characterization of GWM gut
bacteria

When the GWM larvae were provided
with sheets of plastic along with artificial diets,
they were found to feed on plastic, creating holes
in the plastic sheets (Figure 1). Several such larvae,
each of them around 18-22 mm in length, were
randomly selected for further studies. These larvae
were surface sterilized and dissected under sterile
conditions. Individual colonies were obtained in
different dilutions of the homogenized contents
of GWM gut, for different bacterial isolate.
The pure cultured colonies were characterized
morphologically based on five colony characters.
Their characteristics were tabulated, and a total
of nine bacterial isolates of considerable diversity
were successfully isolated based on these
characteristics (Table 1). The bacterial isolates
were further subjected to Gram staining (Table
1). Out of the nine isolates, seven were found
to be gram-negative and two gram-positive. The
isolates, GMB1 and GMB9, were Gram-negative
cocci-shaped bacteria; the isolates, GMB2, GMB4,
GMB5, GMB6, GMB8 isolates were Gram-negative
rod-shaped bacteria; the isolate, GMB3, was a
Gram-positive cocci-shaped bacteria, and the
isolate, GMB7, was identified as Gram-positive
rod-shaped bacteria. The isolates were thereafter
characterized based on catalase test, motility test
and citrate utilization test. Table 1 presents the
results of all the tests. In a nutshell, all the nine
bacterial isolates showed positive response to
catalase test. On the other hand, from the motility
test, the isolates GMB1, GMB3 and GMB6, were
found to be non-motile, while the isolates GMB2,
GMB4, GMB5, GMB7, GMB8 and GMB9, were
highly motile. All the isolates, except GMB3,
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Table 2. Determination of plastic degradation, esterase
the nine gut bacterial isolates obtained from GWM gut

production and results of 16S rDNA sequence analysis of

Isolate Absolute decrease % decrease in Diameter BLASTN results of 16S rDNA sequences
in plastic disc plastic disc of zone of
weight (mg) weight (%)* clearance (cm) Most similarity with Maximum
(Genbank accession No.) identity (%)
Control 0 0.00 No zone - -
GMB1 0.00 0.00 No zone - -
GMB2 3.50 £ 0.035 22.15+0.18 0.2 Serratia marcescens 99.54
strain XT218
(MT424800.1)
GMB3 0.00 0.00 No zone - -
GMB4 3.60 £ 0.017 21.69+0.11 0.35 Serratia marcescens 99.43
strain 16Sr (KJ729604.1)
GMB5 3.90 £ 0.029 22.67 £0.15 0.3 Serratia marcescens 99.7
JW-CZ2 (CP055161.1)
GMB6 2.90+0.04 19.33+£0.25 0.25 Ralstonia pickettii 100
strain CHP10
(MT341804.1)
GMB7 4.40+0.031 31.21+0.18 0.6 Bacillus cereus strain 99.89
KF-3 (MF977355.1)
GMB8 3.20 £ 0.006 20.65 +0.04 0.1 Serratia marcescens 99.89
strain FY (CP053378.1)
GMB9 0.00 0.00 No zone - -

*values are average of three biological replicates + SD with a statistical significance of p < 0.05

showed positive results in the citrate utilization
test.

Microbial degradation of plastic in laboratory
The weight of the plastic discs after
subjecting to the microbial degradation in shaker
culture, with respective bacterial isolates in
artificial media for 30 days, were measured to
detect any microbial degradation of the discs.
It was observed that in case of GMB2, GMB4,
GMBS5, GMB6, GMB7 and GMBS, the plastic discs
showed significant weight loss, albeit to a varying
extent, after 30 days of incubation. This indicated
considerable degradation of the plastic sheets
by the action of the respective bacterial isolates
present in the media (Table 2). Isolate GMB6
(Ralstonia pickettii) showed the least amount of
PE degradation (2.90 + 0.04 mg; 19.33 + 0.248%)
and isolate GMB7 (Bacillus cereus) showed the
highest PE degradation (4.40 + 0.031; 31.21 +
0.183%). Three isolates, GMB1, GMB3 and GMB9
showed no evidence of biodegradation of the
plastic polymers, as shown by no loss of the weight
of the provided plastic sheets. E. coli, used as a

negative control, as expected, did not show any
considerable weight loss of the plastic sheets.

Determination of esterase enzyme production

The isolates, GMB2, GMB4, GMBS5,
GMB6, GMB7 and GMBS, were observed to show
zones of clearance in TBA plates after incubation
for one to two days (Figure 2). Nevertheless,
the thickness of the zone was found to vary
among the isolates. Isolates, GMB1, GMB3 and
GMB9, however, did not show any clear zone.
This indicates the hydrolysis of tributyrin by the
esterase enzyme produced by the former group
of isolates. On the other hand, E. coli, which was
used as a negative control, also showed no zone
of clearance in the TBA plates. The thickness of
the zones of clearance was measured in order to
have a quantitative and comparative observation
for possible esterase production (Table 2).

Sequence analyses of 16S rDNA

In all the six bacterial isolates, the 16S
rDNA universal primer-pair could successfully
amplify the expected size of the target DNA.
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Figure 2. Esterase enzyme activities of the six bacterial isolates obtained from the gut of Greater wax moth.
(A). GMB2 (B). GMB4 (C). GMB5 (D). GMB6 (E). GMB7 (F). GMB8 (G). Negative control (E. coli)

The amplified partial 16S rDNA fragments were
sequenced after eluting from agarose gels.
The identity of the sequences was ascertained
through analysis using the BLASTn programme
of NCBI (Table 2). The Gram-negative rod-shaped
motile isolates, GMB2, GMB4, GMB5 and GMBS,
were confirmed to belong to the species Serratia
marcescens. The Gram-negative rod-shaped non-
motile isolate, GMB6, was identified as Ralstonia
pickettii. Lastly, Gram-positive rod-shaped motile
isolate, GMB7, was confirmed as Bacillus cereus
strain. All these bacteria were potential esterase
producers, thereby possibly aiding in microbial
degradation of plastic.

DISCUSSION

Plastic production has been increasing
exponentially for last more than 50 years; and
PE and polypropylene contributes nearly 92% of
the total plastic production. Bombelli et al.” was
the first to report PE biodegradation by the larva
of G. mellonella. In their study, wax worms were
observed to make holes on to the PE film at a
rate of 2.2 + 1.2 holes per worm per hour. In our
study, we also observed that GWM larvae could
survive, and also gain weight on polyethylene,
albeit lower than their principal natural diet, the

beeswax. Besides, there were visible holes made
on the polyethylene sheet that was provided to
them along with the artificial media. Esterase,
cutinase, lipase, and PETase are the key enzymes
that have lately become the subjects of interest
so far as the enzymatic breakdown of plastics is
concerned. We could not detect any mistake. The
citation might perhaps be deleted, only keeping
the number.?° All of these enzymes contribute to
the breakdown of various types of polymer.2* In our
study, out of the nine candidate bacterial isolates,
six isolates, GMB2, GMB4, GMB5, GMB6, GMB7
and GMBS, showed the presence of the esterase
enzyme. Interestingly, the same six isolates
showed ability of plastic biodegradation after
30 days of co-culture. Therefore, this correlation
indicates possible involvement of the esterase
enzyme in the observed biodegradation of plastic
and other similar polymers by the GWM larvae.
Meanwhile, the same species of bacteria isolated
and identified from our studies were reported
to produce the same (esterase) enzyme that are
capable of cleaving the ester bonds in complex
high molecular weight polymers. For example,
Bhardwaj et al.? purified high molecular weight
thermo-tolerant esterase from Serratia sp. isolated
from Himachal Pradesh, India. Similarly, Ghati and
Paul?® purified and characterized an extremely
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benzene-tolerant esterase from a Bacillus cereus
strain isolated from West Bengal, India. A novel
esterase from Ralstonia sp. was also reported by
Quyen et al.** The observed microbes in our study,
i. e. the isolates of Serratia marcescens, Ralstonia
picketti and Bacillus cereus, were found to be
also present in several Lepidopteran guts. Some
such recent reports include presence of Serratia
marcescens in Lymantria dispar larva,? Bacillus
sp. in the larval gut of Discladispa armigera,* and
Ralstonia pickettii in the gut of armyworm?¥ etc. We
ourselves had characterized 12 culturable bacterial
species from GWM gut recently.”® However, to
our knowledge, this is the first report of the
presence of Ralstonia pickettii as a gut bacterium
of GWM. The larvae of G. mellonella feed on some
uncommon feeding materials such as paper, wood,
polyethylene, occasionally polystyrene, and even
muslin clothes. This uncommon and extreme
eating habit may promote the growth of unique
bacteria in its intestine having plastic-polymer
degrading properties. Engel et al.?® elaborately
reviewed about gut microbes of insects and stated
that relatively fewer species of gut microbes are
present in insects; and their diversity depends
on the insect’s diet. They also concluded that
many of the insect gut-bacteria are usually
opportunists. Later, Lou et al.*° studied the effect
of supplying co-diet (wheat bran, beeswax) and
plastic diet (polyethylene, polystyrene) upon the
physiological properties and the gut microbiomes
of the GWM larvae. They found that larva fed
on polyethelene and polystyrene showed lower
community diversity of microbiomes in their
gut. However, they also found that the gut
microbiome of the polyethelene-fed larva did
constitute of Serratia marcescens and Bacillus
cereus; both of them together contributing to
nearly 94% of the population. The results of our
study led to a similar conclusion, with detectable
presence of Serratia marcescens and Bacillus sp.
in the gut of GWM larvae. Beeswax posses the
ethylene hydrocarbon bond, CH,-CH,, as in case
of polyethylene. Considering this fact, and based
on the available information, it could be presumed
that this bond could be the target of digestion
of the plastic-polymer digesting bacteria. It was
even reported that Bacillus sp., found in the gut of

Plodia interpunctella wax moth, can depolymerise
long chains of PE into water soluble low molecular
weight products.?! There are many other reports
of degradation of low-density PE film by various
microorganisms like Bacillus cereus,** Serratia
marcescens,*® Enterobacter asburiae, Bacillus sp.3*
and Ralstonia sp.>> Ryan et al.*® had demonstrated
the ability of Ralstonia pickettii to breakdown
several toxic polymers such as trichlorothylene,
some aromatic hydrocarbons, chlorinated phenolic
compounds etc. It is, indeed, a model organism
for bioremediation studies and other potential
applications.

CONCLUSION

In conclusion, our exploration of the gut-
harboring bacteria of GWM leads to interesting
and important discovery of useful bacterial species
living in the gut of its larvae; which could find
further useful application in tackling the menace
of plastic pollution. However, further and more
detailed research would be needed before a novel
technology could be designed for the same.
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