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grubs (Holotrichia serrata (F.) and Leucopholis
coneophora Burmeister) native to Karnataka
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Abstract

The gut microbiota of insects plays a pivotal role in digesting food, supplying nutrients, and synthesizing enzymes,
particularly those capable of degrading lignocellulosic biomass—a key factor in waste management. In Karnataka,
India, the larvae of Holotrichia serrata and Leucopholis coneophora are major crop pests. However, the potential of their
gut bacterial communities to degrade lignocellulose has yet to be fully explored. This study aimed to isolate and eval-
uate lignocellulose-degrading bacteria from these larvae. Seventeen cellulolytic bacterial strains were successfully iso-
lated from the fermentation chamber of white grubs, most of which belonged to the Firmicutes and y-Proteobacteria
classes. Notable genera included Bacillus, Enterobacter, and Klebsiella. Among these, Bacillus toyonensis strain LC3B1
exhibited remarkable cellulolytic activity, with a cellulolytic index of 1.93+0.037. This strain demonstrated the high-
est degradation on groundnut husk powder (33.25+0.823%), followed by paddy straw powder (31.45+0.608%)

and corncob powder (28.15+ 1.56%), highlighting its potential for effective agricultural residue degradation. FTIR
analysis of carboxymethyl cellulose (CMC) hydrolyzed by LC3B1 revealed various decomposition products, includ-

ing ketones, aldehydes, alcohols, and carboxylic acids. Scanning electron microscopy (SEM) of the treated biomass
revealed significant morphological changes, such as pore formation and tunneling within the substrate. The broad
cellulolytic capabilities observed across bacteria from white grub gut microbiota, including members of the Bacil-
laceae, Enterobacteriaceae, and Pseudomonadaceae families, underscore their potential as valuable resources for lig-
nocellulosic biomass degradation, biofuel production, and sustainable waste management strategies. This study
highlights the promise of insect gut microbiota as a reservoir for environmentally beneficial microbial applications.
Keywords White grub, Gut microbes, 16S rRNA gene sequencing, Cellulolytic activity, Lignocellulosic biomass,
Cellulase enzyme
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essential to insect biology. The insect gut microbiota, in
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particular, is crucial for digestion and nutrient acquisi-
tion, forming intricate colonies of bacteria, fungi, and
protozoa within the digestive tract [1, 2].

These symbiotic microorganisms play a crucial role
in breaking down lignocellulose biomass, a key compo-
nent of plant cell walls that many insects rely on as a
food source. Lignocellulose consists of complex com-
pounds cellulose, hemicellulose, and lignin which are
notoriously challenging to degrade. Yet, insects have
evolved specialized digestive systems that can effi-
ciently decompose these tough carbohydrates along
with their gut microbiota. Notably, termites and spe-
cific beetles host gut bacteria from the Firmicutes and
Proteobacteria phyla, aiding in cellulose degradation
[3, 4]. Beyond digestion, the gut microbiota contributes
by synthesizing unique compounds and enzymes with
therapeutic and industrial applications [5-7]. Addition-
ally, these microbial communities are crucial for biore-
mediation, plastic degradation, disease prevention, and
pest control [8-11].

While significant research has explored the lignocel-
lulose-degrading abilities of termites and beetles, the
cellulolytic capabilities of white grubs remain relatively
underexplored. White grubs, the larvae of scarab bee-
tles, are polyphagous subterranean herbivores posing
major agricultural threats. This study focuses on Hol-
otrichia serrata and Leucopholis coneophora, promi-
nent pests in Karnataka, India, known for damaging the
roots of economically important crops like sugarcane
and arecanut, which are rich in cellulose and nitrog-
enous compounds [12-15]. This study will assess the
lignocellulose-degrading capacity of various white grub
species by extracting and identifying their gut micro-
biome. Insights into these insect-microbiome interac-
tions can not only deepen our understanding of pest
biology and host—-microbiome coevolution but also
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pave the way for bioengineering digestive enzymes for
industrial applications, such as in biorefineries and bio-
fuel production [16-21].

Materials and methods

Substrate preparation

Agricultural wastes, including paddy straw, ground-
nut husk, and corncob powder, were sourced from local
fields at the University of Agricultural Sciences, Gandhi
Krishi Vignana Kendra, Bengaluru, Karnataka, India.
These materials were individually pretreated using a mild
alkaline solution (0.1 N NaOH, w/v) to enhance their
degradability. After pretreatment, the substrates were
thoroughly rinsed with deionized water to reach a neu-
tral pH, air-dried, finely ground, and passed through a
2.0 mm sieve to achieve a uniform particle size. The pro-
cessed substrates were then either used immediately in
hydrolysis experiments or stored in airtight containers
for future applications [22].

Insect sample collection

Third-instar larvae of the white grub species L. cone-
ophora and H. serrata were collected from infested
fields in Moodabidri, Dakshina Kannada district, and
Mahadeshwarapura, Mandya district, Karnataka, India,
respectively (Fig 1). The identification of these spe-
cies was confirmed by entomologist Dr. K.V. Prakash
using binomial keys. The larvae were then transported
to the laboratory in sterile, aerated plastic containers
and starved for 24 h prior to dissection to ensure gut
clearance.

Isolation of gut bacteria
The larvae were first rinsed in double-distilled water
for 30 s, then immersed in 70% ethanol for 60 s, and

Holotrichia serrata (A) and Leucopholis coneophora (B)
Fig. 1 Holotrichia serrata (A) and Leucopholis coneophora (B)
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finally rinsed in double-distilled water for another 30 s
to remove surface contaminants. The sterilized larvae
were then dissected under laminar airflow using sterile
microscissors to extract the gut, specifically isolating and
removing the fermentation chamber [23].

The fermentation chambers were pooled into a
1.5 mL microtube containing 1.0 mL of phosphate-
buffered saline (PBS, pH 7.4) and homogenized with a
sterile micropestle. The homogenized gut samples were
then enriched in Berg minimal salt medium (BMS) sup-
plemented with 2 g/L NaNO;, 0.02 g/L MgSO,-7H,0,
0.02 g/L MnSO,H,0, 0.5 g/L K,HPO,, 0.02 g/L
FeSO,-7H,0, and 0.5 g/L CaCl,-2H,0, with 1% (w/v)
carboxymethyl cellulose (CMC) as the substrate [22].
The inoculated medium was incubated at 37 °C with
shaking at 150 rpm for 48 h. Following incubation, the
culture broth was serially diluted in PBS (pH 7.4) up
to a final dilution of 107”. One hundred microliters of
each dilution were spread onto BMS-CMC agar plates
and incubated at 37 °C for 48 h. Colonies were purified
through repeated streaking on LB agar plates, and the
isolated strains were stored in glycerol at -80 °C for fur-
ther use.

Molecular characterization and identification of isolated
bacterial strains
Genomic DNA was extracted from the bacterial isolates
following a modified protocol [24]. The bacterial cultures
were grown in LB broth and incubated overnight at 37 °C
with shaking. Each culture was placed in a 1.5 mL aliquot
in a microcentrifuge tube, centrifuged for 7 min to pel-
let the cells, and the supernatant was carefully removed.
The cell pellet was re-suspended in TE buffer contain-
ing 100 mg/mL lysozyme, 20 mg/mL proteinase K, and
10% SDS, followed by incubation at 37 °C for 1 h. Sub-
sequently, 5 M NaCl and CTAB solution were added,
and the mixture was incubated at 65 °C for 10 min. After
removing impurities from the samples using a chloro-
form-isoamyl alcohol mixture (24:1), the aqueous phase
was moved to a new tube. After adding an equivalent vol-
ume of phenol:chloroform alcohol (25:24:1), the mixture
was centrifuged for five minutes at 4 °C at 8,000 rpm. This
step was repeated until the supernatant was clear. DNA
was precipitated by adding chilled isopropanol, gently
mixed, and incubated overnight at -20 °C. The DNA was
then pelleted by centrifugation at 10,000 rpm for 20 min
at 4 °C, washed with 70% ethanol, air-dried, and dissolved
in TE buffer.

For PCR amplification of the 16S rRNA gene, prim-
ers 27F (5-AGAGTTTGATCMTGGCTCAG-3’) and
1492R (5-TACGGYTACCTTGTTACGACTT-3) were
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used. The thermal cycling conditions included a 5-min
initial denaturation at 95 °C, 35 cycles of denaturation
at 95 °C for 30 s, annealing at 55 °C for 30 s, and exten-
sion at 72 °C for 1 min, with a final extension at 72 °C for
7 min. The PCR products were purified and sequenced
after their size and purity were confirmed on 1.5% (w/v)
agarose gels. BLAST analysis was performed to identify
close matches in the NCBI database (https://www.ncbi.
nlm.nih.gov/) after sequences were aligned using BioEdit
[25]. A neighbor-joining phylogenetic tree was built
using the Kimura 2 evolutionary model [26] and MEGA
11 software [27], with a bootstrap value of 1000 replica-
tions for robustness. Additional alignment was carried
out using ClustalW [28].

Screening of cellulose-degrading bacteria

The bacterial isolates were inoculated onto BMS agar
plates supplemented with carboxymethylcellulose
(CMC) as the substrate and incubated at 37 °C for 48 h.
To assess CMC degradation by the bacterial isolates,
the plates were flooded with 0.1% Congo red solution
and allowed to stain for 30 min. Excess Congo red was
then removed, and the plates were treated with a 1 M
NaCl solution for 15 min. Degradation of the B-1,4
glycosidic bonds by cellulase activity prevents Congo
red from binding to the cellulose polymer, result-
ing in clear zones in the medium [29]. Bacterial colo-
nies exhibiting the most distinct and largest diameter
zones of hydrolysis on the stained plates were selected
for further investigation. The cellulolytic indices of the
isolates were measured according to a previously pub-
lished protocol with minor modifications [30]. The cel-
lulolytic index was calculated as (diameter of zone of
clearance —diameter of bacterial colony)/diameter of
bacterial colony.

Substrate degradation ratio

In brief, 1 mL of freshly grown bacterial culture
(ODgoonm: 0.5) was inoculated into BMS medium con-
taining various substrates and incubated at 37 °C and
150 rpm on a rotary shaker for 7 days. After incubation,
the cultures were centrifuged at 10,000 rpm for 15 min
at 4 °C, and the supernatant was collected as a crude
enzyme extract, which was then stored at 4 °C.

For substrate preparation, the substrates were treated
with 3 mL of acetic-nitric reagent (a mixture of 150 mL
of 80% acetic acid and 15 mL of concentrated nitric
acid), then washed with distilled water for 5 min, fol-
lowed by a 10 min wash with absolute ethanol. The resi-
dues were dried at 60 °C in a hot air oven [31], and their
final weights were measured. The percentage of substrate
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degradation was calculated using the following formula
from Updegraff, 1969 [32]:

Substrate Degradation (%)= {(Initial weight of sub-
strate —Final weight of substrate)/Initial weight of
substrate} x 100.

Cellulase (B-1,4-endoglucanase) enzyme assay
The supernatant from the previous experiment served as
the crude enzyme for the assay. For each reaction, 0.5 mL
of supernatant was mixed with 1 mL of 0.05 M citrate
buffer (pH 4.5) containing 1% CMC as the substrate.
The reaction mixture was incubated in a water bath for
60 min. After incubation, 3 mL of DNS (dinitro salicylic
acid) reagent was added to stop the enzymatic reaction,
and the tubes were heated at 100 °C for 5 min and subse-
quently cooled to 4 °C for another 5 min [33].
Absorbance was measured at 540 nm using a spec-
trophotometer, with a control sample as the baseline.
The amount of reducing sugars produced was calcu-
lated using a glucose standard, with enzymatic activity
expressed in units (U/mL). One unit was defined as the
amount of enzyme that releases 1 pmol of reducing sug-
ars (as glucose) per mL per minute under the assay con-
ditions [34].

SEM analysis of the hydrolyzed substrate

The hydrolyzed substrates and control samples were
characterized using Fourier transform infrared spectros-
copy (FTIR) and field emission scanning electron micros-
copy (FESEM). A 1% bacterial inoculum was introduced
into freshly prepared BMS liquid media supplemented
with 1000 mg of filter paper (FP) as the substrate, fol-
lowed by incubation at 150 rpm and 37 °C for 14 days. A
control experiment was conducted under the same con-
ditions, but without bacterial inoculation.

After 14 days of incubation, the culture broth was
centrifuged at 5000 rpm for 5 min to separate the bio-
mass. For FESEM analysis, the samples were prepared
following a previously published protocol with slight
modifications [22]. The filter paper was washed with
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distilled water and then dried overnight at 60 °C. To
enhance conductivity and minimize charging effects
during scanning electron microscopy, the samples were
sputter-coated with a 100 A gold layer in an argon gas
atmosphere.

FTIR analysis of the hydrolyzed substrate

Fourier transform infrared (FTIR) spectroscopy is a rapid
and nondestructive technique for detecting functional
groups in the mid-IR region. In this study, FTIR spectros-
copy was used to analyze filter paper, which serves as the
sole carbon source for bacterial growth. After 14 days of
bacterial treatment, the filter paper samples and the control
samples were mixed with 1000 mg of spectroscopy-grade
potassium bromide (KBr) in an agate mortar and pressed
into discs.

The infrared (IR) spectra were recorded using an FTIR
spectrometer in transmission mode, covering the range
from 400 to 4000 cm™ [22, 35]. SEM and FTIR analy-
ses were conducted using the instruments available at
the Jawaharlal Nehru Centre for Advanced Scientific
Research (JNCASR) in Bengaluru.

Statistical analysis

The results for cellulolytic activity, substrate degrada-
tion, and enzyme activity were analyzed using descriptive
statistics, analysis of variance (ANOVA), and Duncan’s
multiple range test (DMRT) to assess differences between
factors at a significance level of p=0.05. Statistical analy-
ses were performed using OP STAT [36], and the results
were interpreted with Microsoft Excel (version 2021).
FTIR data were plotted and analyzed using the Orig-
inPRO (version 2023b; OriginLab, Northampton, MA,
USA) software.

Results

Isolation of cellulolytic gut bacteria

The morphological characteristics of bacterial isolates 1
to 7 from L. coneophora and 8 to 17 from H. serrata are
provided in the Supplementary Data (Table S1). In total,

Fermentation
chamber

Fig. 2 Representative fermentation chambers isolated from the two white grubs used in the present study
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seventeen bacterial isolates were obtained from the fer-
mentation chambers (Fig. 2) of the two white grub spe-
cies collected from distinct regions.

Molecular characterization of cellulolytic gut bacteria
DNA was extracted from all samples, and the amplifi-
cation of the 16S rRNA gene using universal primers
yielded high-quality amplicons,approximately 1450 bp
in size (Figures S1 and S2). These PCR products were
sequenced, and the resulting sequences were aligned
using the BioEdit tool. The sequences were then com-
pared to those in the GenBank database, accessed
through the National Center for Biotechnology Informa-
tion (NCBI) website.

Comparative analysis showed that five of the seven bac-
terial isolates from L. coneophora exhibited more than
95% similarity to known sequences, while one isolate
displayed 90% similarity (Table S2). For the bacterial iso-
lates from H. serrata, eight exhibited over 95% similarity,
and the remaining two showed more than 90% similarity
(Table S3).

ISOLATE H4B1

ISOLATE H4B2
98| ISOLATE H4B3
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Phylogenetic tree analysis
Phylogenetic analysis of the 16S rRNA sequences
revealed that the bacteria colonizing the gut of L. cone-
ophora formed two distinct major clades, each with
various subgroups. The dominant phyla in the phy-
logenetic tree were Firmicutes and y-Proteobacteria,
which constituted the major clades. The Firmicutes
clade was represented by the genus Bacillus, compris-
ing three species and several subbranches, likely indicat-
ing different strains. The second major clade consisted of
y-Proteobacteria, represented by Klebsiella sp. and Citro-
bacter farmeri. The major clades of the phylogenetic tree
were analyzed using 1000 bootstrap replications, with
Acidobacterium capsulatum serving as the outgroup. The
sequence for the outgroup was retrieved from the NCBI
database. A phylogenetic tree depicting the seven identi-
fied gut bacteria in L. coneophora is shown in Fig. 3

A similar phylogenetic tree was constructed for
the gut bacteria of H. serrata, revealing two distinct
clades representing different groups: y-Proteobacteria
and f3-Proteobacteria. The major y-Proteobacteria
clade included the genera Pseudomonas, Citrobacter,

KJ184910.1 Enterobacter sp.

MK834730.1 Enterobacter tabaci

g7| MG754444.1 Enterobacter sp.

MN932286.1 Enterobacter cloacae
MT613360.1 Enterobacter ludwigii

100 [ OP133250.1 Enterobacter sp. strain LFR1

—{ ISOLATE H5B1

H ISOLATE H3B4

40(gq

ISOLATE H3B2
ISOLATE H2B1

s | MK600539.1 Enterobacter sp. strain LSB23
| MH532492.1 Citrobacter koseri

KF668466.1 Citrobacter koseri
MT498801.1 Pseudomonas urethralis
MN826145.1 Pseudomonas plecoglossicida

76 |4 KY460976.1 Pseudomonas sp. strain AY2

=)
© |

ISOLATE H3B1

*{SOLATE H5B2

H

MT124554.1 Pseudomonas plecoglossicida strain ER29
MT083957.1 Pseudomonas monteilii strain TY171-27
MHG669304.1 Pseudomonas sp. strain H374

ISOLATE H3B3
_* JX131013.1 Achromobacter piechaudii
98 1 MH669290.1 Achromobacter mucicolens
MF164041.1 Acinetobacter baumannii strain JC359

&, MH357639.1 Acinetobacter baumannii strain AFK 3
NR 114796.2 Aquifex aeolicus strain VF5 (OUTGROUP)

Fig. 3 Phylogenetic tree showing the evolutionary relationships of the bacterial isolates from Holotrichia serrata
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Enterobacter, and Acinetobacter, while the minor
B-Proteobacteria clade contained only the genus Achro-
mobacter. This tree was also constructed with an out-
group, with the sequence retrieved from the NCBI
database. Both clades of the phylogenetic tree, along with
the outgroup (Aquifex aeolicus), are depicted in Fig. 3,
with bootstrap values based on 1000 replicates.

Overall, the taxonomic classification of gut bacteria
from L. coneophora and H. serrata provides valuable
insights into the diversity of bacterial species present in
these insects (Tables S4 & S5).

Cellulolytic indices of the bacterial isolates

The cellulolytic activity of the bacterial isolates was eval-
uated using the Congo red overlay method, where the
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presence of a halo zone on CMC agar plates (Fig. 4B)
indicated the cellulolytic index. Of the seventeen bac-
terial isolates tested, thirteen exhibited significant cel-
lulolytic activity. The cellulolytic index ranged from a
maximum of 1.93+0.037 for the LC3B1 isolate (Bacillus
toyonensis) to a minimum of 0.24 +0.015 for the LC2B3
isolate (Klebsiella oxytoca) from L. coneophora. Among
the H. serrata strains, the highest cellulolytic index was
1.49 +0.04 for the H4B3 isolate (Enterobacter sp.), while
the lowest index was 0.26+0.012 for the H4B2 isolate
(Enterobacter ludwigii). The cellulolytic indices of the gut
bacteria isolates are presented in Fig. 4A (Table S6). The
cellulolytic indices varied significantly among the differ-
ent bacterial strains, as indicated by the ANOVA results:
F(2,12)=661.1, p<2e-16Duncan’s test further confirmed

0.777

> o> D D &
FFIFIFFTEE

Bacterial isolates

A Cellulolytic indices of gut bacteria isolated from two white grub species

Control

B Cellulolytic indices of gut bacteria isolated from two white grub species (a-LC1B1,

b-LC3Bl1, c-H4B3, and d-H5B2)

Fig.4 A Cellulolytic indices of gut bacteria isolated from two white grub species. B Cellulolytic indices of gut bacteria isolated from two white grub

species (a-LC1B1, b-LC3B1, c-H4B3, and d-H5B2)
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Substrate Degradation ratio of bacterial strains on agricultural wastes
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Fig. 5 Substrate degradation ratio (%) of cellulolytic isolates with different agricultural residues

these differences, revealing significant variation in the
cellulolytic indices between the strains. Strain LC3B1
exhibited the highest cellulolytic index, followed by strain
LC1B1. Based on these findings, four bacterial isolates—
LC1B1, LC3B1, H4B3, and H5B2—were selected for fur-
ther study due to their promising cellulolytic activities
(Fig. 5).

Substrate degradation ratio of agricultural residues

The four selected bacterial isolates were cultured in
media containing powdered corncob, paddy straw, and
groundnut husk substrates, followed by incubation for
eight days. Among the isolates, H5B2 exhibited the high-
est degradation efficiency, reaching 48.15+1.56% for
groundnut husk, whereas LC3B1 exhibited 46 +0.608%
for paddy straw powder and 43+0.27% for corncob.
The substrate degradation ratio was significantly differ-
ent between the F(2, 3)=12.236 strain (p<0.05) and the
F(2,2)=8.050 strain (p<0.05) but not between the sub-
strates. The other isolates also demonstrated significant
degradation capabilities, as shown in Fig. 5 (Table S7).

Cellulase (B-1,4-endoglucanase) enzyme assay

Cellulase (B-1,4-endoglucanase) activity assays were con-
ducted using the DNS method at 50 °C and pH 4. -1,4-
endoglucanase was statistically significant among the
various substrates F(2, 2) =7.3, p <0.024 but not between
bacterial strains F(2,3) =1.16, p=0.39). Among the tested
genes, LC3B1 had the highest p-1,4-endoglucanase activ-
ity on groundnut husk, followed by LC1B1, which had
the second highest endoglucanase activity (3.614+0.02
U/mL), particularly on the corn cob powder substrate.

LCI1B1 also exhibited significant activity on groundnut
husk (2.168+0.07 U/mL), highlighting its potential for
enzyme production. Isolates H4B3 (2.4 +0.03 U/mL) and
H5B2 (1.626+0.01 U/mL) also exhibited notable endo-
glucanase activities on groundnut husk. Additionally,
LC1B1 exhibited activity (1.628+0.01 U/mL) on paddy
straw, whereas the remaining three isolates displayed
activities of less than 0.7 U/mL on all three substrates.
Moreover, LC3B1 exhibited considerable endoglucanase
activity (2.082+0.02 U/mL) on corncob.

These findings highlight the substrate-specific cellulase
activities of the bacterial isolates, with LC3B1 showing
significant potential for enzyme production, particularly
on groundnut husk and corncob substrates. The results
are depicted in Fig. 6 (Table S8).

FTIR and SEM results for the breakdown of cellulosic bonds
in filter paper

Structural analysis of the four bacterial isolates was per-
formed using the attenuated total reflectance (ATR)
mode in the infrared range of 400-4000 cm™, ena-
bling the detection of bond types and functional groups
(Fig. 7). The peak at 1160 cm™ is attributed to C-O—C
stretching in the cellulose/hemicellulose molecules.
The peak between 2896 and 2900 cm'indicates C-H
(B-glycosidic bond) deformation in the polysaccha-
ride molecules. The stretching of carbon—oxygen bonds
between 1749 and 1599 cm™! reveals decomposition
products, such as ketones, aldehydes, alcohols, and car-
boxylic acids derived from cellulose and hemicellulose.
Additionally, the shifts in the O—H and C-H stretching
vibrations at 3333 and 2894 cm™!can be attributed to
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Beta endoglucanase activity of bacterial strains on agricultural wastes

1

=

=

=

(&)

©

e ==

@ == .

miu— =

9 ==

=)

(=]

o

=

@

s

D 30 -

m e
H4B3 H5B82

Strain

LC1B1 LC3B1

=

Substrate

E Corncob
- Groundnut
E Paddy straw

Fig. 6 Endoglucanase activity (U/mL) of cellulolytic isolates with different agricultural substrates

changes in the intra- and intermolecular bonds of the cel-
lulosic polymer. The FTIR results revealed broad absorp-
tion bands at 897, 1651, and 2900 cm™’, corresponding
to COC, CCO, OCH deformation, C-5, C-6 motion
stretching, OH bending, and CH stretching, respectively.
The intense peak at 3000-3700 cm™! is attributed to the
stretching of OH functional groups and amine groups.

Field emission scanning electron microscopy (FESEM)
rrevealed significant structural changes in the surface
morphology of both the control and treated filter paper
(FP) samples (Fig. 8). Compared to the control substrates,
the treated FP surface exhibited a rough appearance,
likely due to bacterial adherence and superficial hydroly-
sis of the biomass. The bacterial cells adhered to the sub-
strate, potentially creating pores and tunnels that allowed
access to the internal fibers of the cellulosic biomass. This
process likely resulted in the release of microfibers from
the long cellulose chains in the filter paper (FP). The elec-
tron micrographs further demonstrated substrate dis-
ruption, as evidenced by the accumulation of hydrolyzed
biomass on the surface.

Discussion

This study explores the gut microbiota of the white grub
species H. serrata and L. coneophora, focusing on their
roles in cellulose degradation and potential industrial
applications. Insects often host a wide range of micro-
organisms in their digestive systems that contribute to
their survival by aiding digestion, detoxifying harmful
compounds, and defending against pathogens through
antimicrobial production (Jang and Kikuchi, 2020) [37].
Research on the microbiota of white grub species, such

as the work by Lemke et al. (2003) [38] on Pachnoda
ephippiata, has shown that both the hindgut and mid-
gut harbor diverse microorganisms involved in cellulose
breakdown, microbial fermentation, and proteolysis.
However, despite extensive studies on the gut bacteria of
various white grub species [31, 39-43], there are no exist-
ing reports on the bacterial diversity of H. serrata and L.
coneophora, which are native to Karnataka, India.

In this investigation, 17 bacterial isolates were identi-
fied from the fermentation chambers of L. coneophora
and H. serrata. Using 16S rRNA gene sequencing,
these isolates were found to represent diverse bacterial
strains, with Enterobacteriaceae being the most preva-
lent family, followed by Bacillaceae and Pseudomona-
daceae, aligning with previous studies on other white
grub species [44—46]. Phylogenetic analysis revealed a
variety of taxa, primarily Firmicutes and Proteobacte-
ria, in line with other studies on white grub microbiota
[12, 30].

To evaluate cellulolytic activity, we measured the
clearance zones around bacterial colonies on car-
boxymethyl cellulose (CMC) plates, which serve as an
indicator of CMCase enzyme activity. Of the isolated
strains, 13 exhibited notable cellulolytic activity. The
highest cellulolytic index was observed in isolate LC3B1
(B. toyonensis) from L. coneophora (1.93+0.037), fol-
lowed by isolate H4B3 (Enterobacter sp.) from H. ser-
rata (1.49+0.04). Substrate degradation assays of the
selected strains also indicated strong activity, sup-
porting findings from other white grub bacterial iso-
lates [47-49]. Additionally, pretreating the substrates



Vishnu Vyasa et al. BMC Microbiology ~ (2025) 25:121

Transmittance (%)
3
L

|
1109‘J ‘l
| |

ﬁ
\Z 1055
3335

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wave number (cm-1)

o
=3
L

o
i<}
L

Page 9 of 12
A —— Control B — Control
1104 ——LC3B1 —LC1B1

1424 894

Transmittance (%)
8
!

80

3324

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wave number (cm™)

C —— Control
—— H4B3

13717 1230

Transmittance (%)

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wave number (cm™)

D —— Control
110 - —— H5B2

s

o

S
|

©
o
L

®
o
1

70

Transmittance (%)

60

50

3326 1030

40 T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wave number (cm-1)

Fig. 7 FTIR profiles of the control and filtered filter paper treated with the LC1B1, LC3B1, H4B3, and H5B2 bacterial isolates

enhanced degradation, with rumen-derived bacteria
showing higher efficiency than gut bacteria [30, 50].
Further analysis of cellulase enzyme demonstrated
diverse, substrate-specific activities among the bacterial
isolates, highlighting their potential for lignocellulosic
biomass conversion [48]. Notable cellulase producers
from insect gut studies, such as Klebsiella pneumoniae
and Bacillus species, have shown endoglucanase activ-
ity levels of 3.5 U/mL [51] and cellulolytic activities of
0.092 U/mL [52]. In comparison, cellulose-degrading
bacteria from invertebrates like bookworms and ter-
mites exhibit extracellular cellulase activities ranging
from 0.012 to 0.196 IU/mL (filter paper cellulase) and
0.162 to 0.400 IU/mL (endoglucanase) [45]. Preliminary
enzyme assays underscore the importance of optimiz-
ing production conditions like pH, temperature, sub-
strate, and metal ions to enhance cellulolytic efficiency.

To investigate the breakdown of cellulosic bonds, FTIR
and SEM analyses confirmed enzymatic cellulose deg-
radation by the isolated strains [53, 54]. The FTIR spec-
tra highlighted structural changes in the biomass, with
notable absorbance bands, including C-O, C=C, and
C-C-O stretching at 1035 cm™; C-H stretching at 2840
and 2937 cm™! O-H in-plane bending at 1440 cm™;
and unconjugated C=0 stretching at 1682 cm ™' which
are characteristic of cellulose, hemicellulose, and lignin
[55-57].

In summary, this study is the first to identify cel-
lulolytic bacteria from the gut microbiota of H. serrata
and L. coneophora, species with significant potential
for breaking down cellulose-rich organic waste. The
abundance of cellulase-producing strains within fami-
lies like Enterobacteriaceae, Bacillaceae, and Pseu-
domonadaceae underscores their potential role in
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Fig. 8 Electron micrograph showing the adhesion of cells and degradation of the filter paper due to bacteria (A-LC1B1-, B-LC3B1, C-CONTROL,

D-H4B3 and E-H5B2

lignocellulosic biomass degradation. The variability in
degradation efficiencies across strains and substrates
highlights the substrate-specific nature of cellulose
breakdown, which can produce reducing sugars like
glucose—critical intermediates for bioethanol pro-
duction. This approach could reduce dependence on
traditional raw materials, such as sugar and corn, in
bioethanol manufacturing. Efficient lignocellulose deg-
radation through selective microbial strains represents
a promising strategy for sustainable waste management
and biofuel production, enhancing both the sustainabil-
ity and value of biofuels.
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