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Abstract

Samia ricini (Eri silkworm) is a commercially
exploited, sericigenous lepidopteran species of the
northeastern State of India, Assam. The species is often
contaminated by various microbial pathogens and as a
result, suffers from heavy mortality. Flacherie is one
type of microbial disease that causes 30%-100% crop
loss annually in the ericulture sector of Assam during
summer. However, studies on the identification and
pathogenesis of bacteria in Samia ricini are lacking.
The present study aims to identify bacterial species
involved in the flaccid condition of Samia ricini. For
this, hemolymph of infected 5" instar larvae was
selected as inoculum and bacteria were cultured and
incubated in nutrient agar media at 37°C for 48 hours.
Distinct colonies that grew on the culture media were
subjected to identification through morphological,
biochemical and molecular methods.

The isolated DNA's colony morphology, biochemical
tests and 16S rRNA sequencing identified the isolates
as Bacillus thuringiensis and Bacillus cereus. The
current study gives insight into the bacterial diversity
responsible for flaccid conditions in Samia ricini which
might help to wunderstand the mechanism of
pathogenesis, disease prognosis and colonization of
different flacherie-causing bacteria in Samia ricini.

Keywords: Flacherie, Microbial infestation, 16S rRNA
sequencing, IMVIC test.

Introduction

Commercially exploited sericigenous lepidopterans are
exposed to various microbial attacks throughout the world.
There are different factors associated with microbial
contamination in silkworms. These include fluctuations in
temperature and relative humidity, heavy rainfall,
unhygienic conditions and improper management of rearing
area and supply of decayed, watery and contaminated
leaves®2746, Eri silkworm is an important commercial silk
variety of Assam. Being poikilothermic, the species respond
quickly to environmental changes that lead the organism
towards different pathogenic attacks such as viral, bacterial,
fungal and protozoan*®. Among the different factors that
affect eri silkworms, bacterial attack is more prevalent.
Flacherie (locally known as mukhloga rog), which is
common to eri silkworms, occurred due to different groups
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of colonizing bacterial#?8. Flacherie can be infested either
by viruses or bacteria.

Viral flacherie is inflicted by infectious flacherie virus and
densovirus® whereas bacterial flacherie is caused by
different bacteria viz; Bacillus thuringiensis, Bacillus
cereus, Bacillus carboniphilus, Bacillus bombysepticus,
Enterococcus cecorum, Enterobacter asburiae,
Pseudomonas aeruginosa, Ornithinibacillus bavariensis,
Achromobacter xylosoxidans, Staphylococcus aureus,
Serratia marcescens, Streptococcus sp, Staphylococcus

argenteus, Paracoccus niistensis and Staphylococcus sp,
etc.12'22132'42146

There are many causes by which flacherie can be infested in
eri silkworms such as the feeding of contaminated, watery
foliage, presence of diseased, dead, decayed larvae in and
around the rearing area, fecal matters, body fluid of infected
larvae, contaminated rearing site and appliances®®.
Sluggishness, weakness, loss of appetite, vomiting liquid
substances, the release of chain type, semi-solid excreta, loss
of clasping power, inability to moult, liquefaction of inner
organs, gradual blackening of body and body fluid,
unpleasant smell, body softening and rupture etc. are some
of the common symptoms of flacherie in silkworms?*":5262,

In the case of flacherie, during the initial stages of infection,
the larva becomes lethargic and stops eating. At an advanced
stage of disease, the larva exhibits retarded growth, starts
vomiting gut juices and releases semi-solid faeces.
Eventually, the larva becomes soft and translucent. Finally,
the larvae ferments and the inner content turns into a black-
coloured liquid and emits a foul odour*’. Another important
point regarding flacherie infestation is that symptoms remain
unnoticed by the rearers during early instar stages which led
spreading of disease in the rearing areas. As a result, in the
later stages, when larvae grow, symptoms become
prominent leading to severe larval mortality and less cocoon
production®2. Proper observation, scientific management,
prevention of flacherie infestation and breeding of silkworm
variety with high productivity are important issues and
concerns in sericulture in terms of its commercial prospects.

Though bacterial disease is common to eri silkworms, proper
identification and etiology of bacterial species in eri
silkworms is scanty. Earlier reports suggested the presence
of bacillus and coccus types of bacteria in the hemolymph of
infected eri silkworms®’. Therefore, the present study aims
to identify bacterial species isolated from infected eri
silkworms.
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Material and Methods

Collection of Eri silkworm larvae and culture of
bacteria: Fifth instar infected Eri silkworms were selected
for the study and these were collected from Eri-rearing areas
of Nayekgaon Pt-I village (26.22/06’N, 90.22/10"E) of
Kokrajhar district, Assam. Collected silkworms were kept
under sterilized condition, rinsed twice with sterile water and
then surface sterilized with ethanol (70% v/v) for 60 seconds
followed by final rinsing with sterile distilled water. The
hemolymph of the infected silkworms was collected in
Eppendorf tubes and one loop-full of hemolymph is streaked
on petri plates having nutrient agar media. Petri plates were
then incubated at 37°C for 48 hours?'5’. Colonies that grew
predominantly after 48 hours of incubation were considered
for the study and were sub-cultured to attain pure culture.
Pure cultures of bacteria were stored in a solution of sterile
glycerol (15%) on sterile screw cap microfuge tubes in a
ratio of 1:1 and then frozen at -80°C for further use.

Identification of bacterial species: Bacterial isolates were
identified based on colony morphology, microscopic
observation through Gram staining and Scanning electron
microscopy, biochemical tests and molecular identification
methods.

Colony morphology: Different colony characters viz., size,
form, margin, elevation and colour, were considered. The
works of Ranganathan et al*®, Ammons et al', Astuti et al*,
Aneja et al®, EI-Kersh et al*’, Mahdi et al*%, Ghosh et al*® and
Kandi et al?® were followed to perform colony morphology
of the bacterial isolates.

Gram staining method: For Gram staining, the method
explained by Ranganathan et al*® was followed with slight
modification. Bacterial samples were smeared onto a slide
with a drop of sterile distilled water and fixed. Then, the
Gram staining procedure was carried out by staining the
slides with crystal violet (1-2 minutes) followed by washing
and fixation with Gram’s iodine (1-2 minutes). Slides were
washed again by ethanol (15-20 seconds) and stained with
safranin (30 seconds-1 minute). Slides were washed
thereafter and kept for blot dry. After that, slides were
observed under the Leica microscope (LEICA DM750) at
100x% resolution by adding immersion oil (1-2 drops).

Scanning Electron Microscopy: For SEM, bacterial
samples (1.5 ml of bacterial suspension in Eppendorf tube)
grown in nutrient broth were first centrifuged at 7000 rpm
for 10 minutes. After that supernatant was discarded and the
pellets were kept for further processing. To the pellet, 500ul
of 1x PBS was added and washed twice (centrifuge at 7000
rpm for 10 minutes). Then 500ul of 2.5% glutaraldehyde
was added and kept overnight for cell fixation. After
fixation, glutaraldehyde was removed by centrifugation
(7000rpm, 10 minutes) followed by washing the pellets with
1x PBS buffer (500pl) (7000rpm, 5min) three times. Pellets
were now dehydrated with gradients of ethanol (30%-40%-
50%-60%-70%-80%-90%); centrifuge at every step: 700rpm,
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5 minutes). Finally, 100% ethanol was added to complete the
dehydration process. The samples were on a toothpick and
spread in a cover slip under a stereo zoom microscope
(Stemi508). Samples were then processed for gold sputter
coating and observed under Field emission scanning electron
microscope (Sigma VP Fesem, Zeiss) at 10.00KX and
15.00KX magnification.

Biochemical tests: IMVIC (Indole, Methyl Red, Voges
Proskauer’s, Citrate test) and utilization test of 8 different
carbohydrates (glucose, adonitol, arabinose, lactose,
sorbitol, mannitol, rhamnose and sucrose) were performed
by using rapid biochemical identification test kits (KB001
HiIMVIiC™ biochemical test kit, purchased from Hi-
Media). At first, kits were opened aseptically and sealing
tapes were peeled off. Then, each well of the kits was
inoculated with a loopful of inoculum. Kits were then
incubated at 35-37°C for 18-24 hours. After incubation, 1-2
drops of Kovac’s reagent (R008), Methyl red reagent (1007)
Baritt reagent A (R029) and Baritt reagent B (R030) were
added to the good number 1, 2 and 3 to carry out indole,
methyl red and Voges Proskauer’s tests respectively and
results were interpreted as per the standard interpretation
chart supplied with the kits. For citrate and carbohydrate
utilization tests, after incubation, changes in the color of the
wells were also matched with the result interpretation chart
supplied with the Kits.

Molecular identification method: 16S rRNA gene
sequencing and multiple sequence alignment using the
NCBI BLAST similarity search tool were used to identify
the bacterial isolates. For this, genomic DNA isolation of the
bacteria was carried out using a Biobee spin EXpure
microbial DNA isolation kit developed by Bogar Bio Bee
Stores Pvt. Ltd., Coimbatore, Tamil Nadu, India. For 16S
rRNA sequencing, SuL of the isolated DNA was added in
25uL of PCR reaction solution containing 1.5uL of forward
primer (27F: 5 AGAGTTTGATCTGGCTCAG 3) and
reverse primer (1492R: 5 TACGGTACCTTGTTAC
GACTT 3"), 5puL of deionized water and 12pL of Taq Master
Mix (Tag DNA polymerase is supplied in 2X Taq buffer,
0.4mM dNTPs, 3.2mM MgClI; and 0.02% bromophenol
blue). The mixture was then subjected to the PCR (Total
number of cycles: 25).

To remove unincorporated PCR primers and dNTPs from
PCR products, a Montage PCR Clean-up kit (Millipore) was
used. The PCR product was sequenced using the primers.
Sequencing reactions were performed using ABI
PRISM®BigDyeTM terminator cycle sequencing kits with
AmpliTag® DNA polymerase (FS enzyme; Applied
Biosystems). Single-pass sequencing was performed on each
template using below 16S rRNA universal primers. The
fluorescent-labelled fragments were purified from the
unincorporated terminators with an ethanol precipitation
protocol. The samples were resuspended in distilled water
and subjected to electrophoresis in an ABI 3730xI sequencer
(Applied Biosystems).
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The 16S rRNA sequence was blast using the NCBI blast
similarity search tool. The phylogeny analysis of the query
sequence with the closely related sequence of blast results
was performed followed by multiple sequence alignment.
The program MUSCLE 3.7 was used for multiple
alignments of sequences?®. The resulting aligned sequences
were cured using the program Gblocks 0.91b. Gblocks
eliminate poorly aligned positions and divergent regions to
remove alignment noise®. Finally, the program PhyML 3.0
aLRT was used for phylogeny analysis and HKY85 as a
substitution model. PhyML was shown to be at least as
accurate as other existing phylogeny programs using
simulated data while being one order of magnitude faster.
Tree Dyn 198.3 was used for tree rendering®. All the
identified sequences of bacteria were submitted to the NCBI
nucleotide database to get the GenBank accession numbers.

Results and Discussion

In the present study, infected larvae of S. ricini were
collected from the aforementioned collection sites to identify
the causative microbial agent. Two distinct colonies of
bacteria were isolated from the hemolymph of the collected
silkworm larvae. The purity of these cultures was maintained
by repetitive streaking (sub-culture) and then identified by
following the above-mentioned approaches.

Colony morphology of the isolates: All the isolated
bacterial cultures appeared rounded with the entire margin.

Fig. 3: Gram-staining of S1 isolate
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They formed large colonies in the culture media. The S1
colony was slightly raised, while the S2 colony had convex
elevation. Both colonies were displayed in nutrient agar
media after 48 hours of incubation. Gram staining and
observation through a Leica microscope revealed a Gram-
positive (purple color), rod-shaped bacillus, which was later
confirmed by Field emission scanning electron microscopy
(Table 1 and fig. 1 to 8).

Biochemical tests: IMViC test (Indole test, Methyl Red
Test, VVoges- Proskauer Test and Citrate test) and utilization
of 8 different carbohydrates viz., glucose, adonitol,
arabinose, lactose, sorbitol, mannitol, rhamnose and sucrose
were carried out to differentiate and to identify bacterial
colonies based on different biochemical activities such as
presence of enzymes, metabolism of protein, fat and
carbohydrate, compound utilization etc.

In the present study, all the isolates showed negative results
for the methyl red test and positive results for Voges
Proskauer’s and citrate utilization test. Isolate S1 was found
indole positive, whereas S1 showed negative results during
the IMVIC test (Table 1). In the case of the carbohydrate
utilization test, both the isolates showed the inability to
ferment adonitol, arabinose, lactose, sorbitol, mannitol and
rhamnose after 18-24 hours of incubation. However, both the
isolates were able to ferment glucose and sucrose after
incubation (Table 1).

i HIA:‘ig.hZ: S2 on Nutrient Agar Media

Fig. 4: Gram-staining of S2 isolate
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Fig. 7: FESEM of S2 isolate at 10.00 KX

Fig. 8: FESEM of S2 isolate at 15.00 KX

Table 1
Morphological and biochemical identification tests of the bacterial isolates (S1 and S2)
Identification Tests Performed | s1 | s2
Morphological Identification Tests
1. Size Large Large
2. Form Circular Circular
3. Margin Entire Entire
4. Elevation Slightly raised Convex
5. Color White White
6. Gram Staining Purple, Gram Positive Purple, Gram Positive
7. Shape Rod-Shaped, Bacillus Rod-Shaped, Bacillus
Biochemical Identification Tests
1. Indole Positive Negative
2. Methyl Red Negative Negative
3. Voges Proskauer Positive Positive
4. Citrate Utilization Positive Positive
5. Glucose Positive Positive
6. Adonitol Negative Negative
7. Arabinose Negative Negative
8. Lactose Negative Negative
9. Sorbitol Negative Negative
10. Mannitol Negative Negative
11. Rhamnose Negative Negative
12. Sucrose Positive Positive
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Molecular identification method: Results of 16S rRNA
sequence through NCBI-blast similarity search tool and
multiple sequence alignment of the gene sequences
identified S1 and S2 as Bacillus thuringiensis and Bacillus
cereus respectively. 16S rRNA gene sequences of the
identified bacteria showed various degrees of similarity with
the nearest strain type (Table 2, Table 3).

Sequences were submitted to the NCBI nucleotide database.
Submitted sequences of these identified species were
accepted and available under GenBank accession numbers

Vol. 20 (8) August (2025)
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0Q220313 against Bacillus thuringiensis and 0Q220314
against Bacillus cereus.

Outbreak of diseases due to different biotic and abiotic
factors is one of the noxious problems in sericulture. It
hinders total productivity and deteriorates the quality of silk.
Being multivoltine, eri silkworm is exposed to different
environmental conditions such as temperature, humidity,
rainfall etc. Fluctuations in these parameters nurture a wide
range of microbial species that eventually create hazards in
the rearing areas of eri silkworms.

Table 2
Accession numbers and the percentage identified of the sequences producing significant alignments
with the query sequence of the S1 isolate

Accession Numbers Percentage identified Accession Numbers Percentage identified
OP703396.1 100% ON351573.1 100%
CP106947.1 100% ON351572.1 100%
ONO045795.1 100% ON351571.1 100%
0OP209990.1 100% ON351569.1 100%
0OP209989.1 100% CP094624.1 100%
0OP209988.1 100% CP045585.1 100%
OP204093.1 100% CP074714.1 100%
OP160529.1 100% OM280115.1 100%
OP160528.1 100% OP474008.1 99.92%
CP072691.1 100% ON738723.1 99.92%
ON763233.1 100% ON350771.1 99.92%
ON629769.1 100% ON697194.1 98.85%
ON598626.1 100% ON351574.1 100%

Table 3
Accession numbers and the percentage identified of the sequences producing significant alignments
with the query sequence of the S2 isolate

Accession Numbers Percentage identified Accession Numbers Percentage identified
MH737743.1 98.24% MN197732.1 98.04%
ON138985.1 98.24% LC483989.1 98.04%
MK615862.1 98.24% MK956956.1 98.04%
KY820906.1 98.05% MK694749.1 98.05%
MT102922.1 98.14% MK578213.1 98.04%
MN128034.1 98.14% MKO074711.1 98.05%
KX023349.1 98.05% MK468700.1 98.05%
MW492396.1 98.05% MH595932.1 98.05%
MT872665.1 98.14% MH552993.1 98.04%
KY750690.1 98.05% ON510003.1 98.04%
MN309946.1 98.14% OM291371.1 98.04%
MK480518.1 97.96% OM258613.1 98.04%
LC208134.1 98.14% 0OK632091.1 98.04%
LC189361.1 98.14% 0K632089.1 98.04%
ON631071.1 97.96% 0K148146.1 98.05%
MW559313.1 98.14% 0OK036743.1 98.04%
MW559267.1 98.14% LC647359.1 98.04%
MW559242.1 98.14% MZ558048.1 98.05%
MW559235.1 98.14% LR535764.1 98.04%

JN377787.1 98.05% MW405765.1 98.05%
MK598808.1 98.04% MW341456.1 98.05%
MK418365.1 98.04% MT783975.1 98.04%
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In addition, the supply of contaminated, watery and decayed
leaves with an unhygienic condition in and around the
rearing beds also favours microbial growth; thus, imparting
a negative impact on eri silkworms. Microbial growth and
its outbreak in rearing areas due to different biotic and
abiotic factors have already been reported by different
researchers?227:44:46,58,

Another remarkable point related to silkworm pathogenicity
is adaptability. For a long time, commercial saturniids have
been domesticated under a captive environment, making a
significant difference between domesticated and wild
silkworm varieties in terms of combating environmental
stresses. The correlation between environmental stresses and
the sensitivity of domesticated silkworms was well
explained by Kant et al?’ in the case of Bombyx mori. The
report justified the inability of mulberry silkworms to
withstand extreme natural fluctuation. This had led
microbial communities to infect silkworms and made them
susceptible to flacherie. The present work can be correlated
with the observation and explanation of Kant et al>’ as both
S. ricini and B. mori are completely reared in indoor
conditions. However, field observation also resonates with
the current explanation.

During sample collection; unhygienic conditions, limitations
in scientific approaches, fluctuating temperature and relative
humidity, rainfall, leaves scarcity and frequent alteration of
food plant leaves were observed within the sample collection
sites.

In the present study, consequences of disease outbreaks with
heavy mortality were observed. Symptoms such as loss of
clasping power, vomiting, loss of appetite, release of chain
type excreta, laziness, foul smell, blackening of body and
body fluid were observed in the rearing sites frequently.
These were found similar to the symptoms of flacherie as
explained by Samson*’, Sivaprasad et al®? and Zhang et al®2.
Therefore, these larvae were collected from the rearing sites
as a source of inocula to carry out the present study.

Morphological, biochemical and molecular approaches
identified the isolated bacterial colonies as Bacillus
thuringiensis and Bacillus cereus. Determining causative
agents related to microbial infestation is necessary to
understand the course of infection. The first step in this
regard is the observation of different colony characteristics.
Colony characteristics help in differentiating bacterial
colonies into taxonomic groups. The contrasting
characteristics such as coloration, size, shape, form and
retention of stains can be easily observed which helps in the
efficient and easy differentiation of cultures, especially when
cultures are clumped together in one culture media. Similar
to the morphological approach of identification, biochemical
tests also differentiate and help in identifying bacterial
species based on different biochemical activities such as
carbohydrate  metabolism, fat metabolism, protein
metabolism, utilization of compounds etc. IMViC test
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(Indole test, Methyl red test, VVoges-Proskauer test and
Citrate test) is one such kind of test that helps in identifying
bacteria, especially coliform. The indole test detects the
presence of the enzyme tryptophanase that breaks down
amino acid tryptophane, Methyl red test detects the presence
of mixed-acid fermentation, the \oges-Proskauer test
detects the presence of acetylmethylcarbinol acetylase
which produces acetone and citrate test detects the ability of
a bacteria to utilize citrate as a sole source of carbon.
Similarly, tests for different carbohydrates also represent the
fermentation capacity of carbohydrate compounds by the
bacterium. The trend of biochemical tests however has more
impression, as in recent years many rapid biochemical test
kits were developed by various agencies. These kits have
shortened time, costs and labor and ensured identification
accuracy®®,

Another reliable method of bacterial identification is 16S
rRNA gene sequence and homology searching through
multiple sequence alignment. This method eases the process
of identification and enhances accuracy as compared to
conventional methods. The superiority of 16S rRNA
sequencing over conventional phenotypic methods was
explained by Bosshard et al® and Tang et al®¢. Another
advantage of performing 16S rRNA sequencing is that it can
identify an unknown bacterium, apart from prior
characterization within a short period (2-3 days) as
compared to biochemical tests!3. Most of the recent
publications, however, applied this molecular approach to
identify their isolated bacterial colonies!®22:324254,5662 The
present study provides the evidence of bacterial species
responsible for flacherie in S. ricini.

A wide range of bacterial species are responsible for
flacherie in different commercial lepidopterans. It includes

Aeromonas caviae, Bacillus thuringiensis, Bacillus
bombysepticus, Bacillus  carboniphilus, Paracoccus
niistensis,  Staphylococcus argenteus, Enterococcus

cecorum, Enterobacter asburiae, Bacillus cereus, Serratia
marcescens, Streptococcus sp and  Staphylococcus
sp.12:32:4246.4851 Bacteria are cosmopolitan organisms and
their infliction can be through different media. Toxicosis of
bacteria in rearing areas can occur through supplied leaves,
cadavers, faeces, dampness, unhygienic conditions, human
interference, flies, insects, or alterations in temperature and
humidity?*.

The present study emphasized the pathogenesis of S. ricini
larvae by two different species of bacteria. Results of the
present study isolated and identified B. thuringiensis and B.
cereus from flacherie-infected silkworms. These two species
are known for their toxic effects on different species of
commercial and non-commercial lepidopterans viz., Bombyx
mori, Antheraea assama, Antheraea mylitta, Prodenia
litura, Papilio demoleus, Plusia orichalcea, Leucinodes
orbonalis and Chilo partellus’2%224659 Toxins produced by
these two species are highly infective for the organisms
within the orders Lepidoptera, Diptera and Coleoptera. B.
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thuringiensis, a member of the B. cereus group®, is well
known for its entomopathogenic properties as it produces
Cry and Cyt toxinst040:41,

The species can be distinguished from other members of the
B. cereus group based on the ability to produce parasporal
crystalline inclusions, the crystal proteins (Cry Proteins), or
d-endotoxin which are plasmid-encoded'®°. When any
insect ingests B. thuringiensis, crystal proteins mainly
interact with different proteins of the insect’s midgut and
form a prepore oligomer structure which subsequently
inserts the cellular lining of the midgut membrane. As a
result, the insect stops feeding and finally dies by osmotic
shock. B. thuringiensis also produces another toxin,
thuringiensin or [-exotoxin, a thermostable secondary
metabolite  (small-molecule  oligosaccharide)  which
encompasses insecticidal activity against different insect
groups  viz., Diptera, Coleoptera, Lepidoptera,
Hymenoptera, Orthoptera and Isoptera as well as several
nematode species®.

On the other hand, the pathogenic effect of B. cereus was
due to the synthesis of enterotoxin and emetic toxin or
cereulide®®. Enterotoxins induce gastrointestinal disease
diarrhoea and emetic toxin causes emetic syndromes
including vomiting®361. Emesis occurs 1-6 hours after
ingestion of the toxins, while diarrhoea occurs 8-24 hours
after ingestion!!. Enterotoxins that elicit diarrhoea disrupt
the integrity of the plasma membrane of epithelial cells in
the small intestine®®. There are other pore-forming
cytotoxins produced by B. cereus that cause cell lysis and
tissue damage. Hemolysin BL (Hbl), non-hemolytic
enterotoxin (Nhe) and cytotoxin K (Cytk) are three types of
pore-forming cytotoxin that cause cell lysis and are part of
the wvirulence regulatory system, activated by the
transcriptional regulator, PIcR82031,.33.34,

Over the years, the effects of these two bacterial species on
the larvae of commercial Indian silkworms were assessed.
However, there is very limited study regarding the
pathogenic implication of these bacterial species on the
larvae of S. ricini. Toxic effects of different toxin proteins
purified from B. thuringiensis were tested against larvae of
S. ricini which resulted reduction of larval weight as well as
moderate  mortality  (23%-28%)%.  Likewise, the
pathogenicity of B. cereus SW7-1 strain was assessed on B.
mori which showed dose-dependent (1.91x103-1.91x107
concentration  of  bacterial suspension)  pathogenic
implication on the 5™ instar larvae®2.

It is a well-known fact that silkworms are prone to bacterial
infection due to their poor immunity and high sensitivity. In
addition, handling and rearing techniques can also facilitate
bacterial contamination. The identified bacterial species of
the present study occur in diverse natural sources. They are
found in soil and sediments, decaying organic matters,
vegetables, cereals, pulses, spices, fresh and marine waters,
raw and powdered milk, plants and leaf surfaces, gut and
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intestinal tract of caterpillars as well as diseased
insects21820.25353845 - Both the species are spore-forming
bacteria so their transmission may be possible through
spores that contaminate foods and different rearing
equipment as well as human interference. These species and
their spores can easily be transmitted by dust®®. The present
study describes the pathogenesis of B. thuringiensis and B.
cereus in S. ricini and indicates the genus Bacillus's
versatility as pathogenic to S. ricini. However, further
analysis and exploration are necessary in terms of the
pathogenesis of these isolated bacterial species in S. ricini.

Conclusion

The present study addresses the isolation and identification
of bacterial species responsible for flacherie in S. ricini. The
bacterial attacks can bring drastic physiological changes to
the life cycle of silkworms. In the case of eri silkworms,
studies regarding bacterial attack are limited which obstruct
the understanding of host-pathogen interaction and the
body’s defense mechanism against the bacteria responsible.
Through the present study, two bacterial species were
identified that are responsible for promoting flaccid
conditions in S. ricini. The synergistic interaction of
pathogens is enough to alter innate immunity and accelerate
lethality.

The combined presence of Bacillus thuringiensis and
Bacillus cereus in the larvae of S. ricini is enough to provoke
pathogenesis and mortality even after utmost care and proper
maintenance of the rearing areas. So, the study needs further
investigation to combat flacherie in S. ricini and to
understand the pathogenic mechanism caused by these
bacterial species.

Acknowledgement

The authors are duly grateful to Guwahati Biotech Park,
Amingaon, Guwahati, Assam for providing laboratory
facilities during the experiment. Authors will remain
indebted to Yaazh Xenomics, Ticel Biopark Phase-lll,
Coimbatore, Tamil Nadu, India for molecular analysis of the
bacterial isolates. The authors are also thankful to the
Sophisticated Analytical Instrument Centre, Institute of
Advanced Study in Science and Technology, Guwahati for
providing the facility for Scanning electron microscopy.
Lastly, the authors are grateful to the eri-rearers of
Nayekgaon Pt-1 village for providing valuable information
regarding flacherie in eri silkworms and helping in the
collection of samples.

References

1. Ammons D., Rampersad J. and Khan A., Usefulness of staining
parasporal bodies when screening for Bacillus thuringiensis, J.
Invertebr. Pathol., 79(3), 203-204 (2002)

2. Anany H., Brovko L.Y., El Arabi T. and Griffiths M.W.,
Bacteriophages as antimicrobials in food products: History,
biology and application, Handbook of Natural Antimicrobials for
Food Safety and Quality, Woodhead Publishing, 89-116 (2015)

70



Research Journal of Biotechnology

3. Angeja R.K,, Dhiman R., Aggarwal K.N., Kumar V. and Kaur
M., Microbes associated with freshly prepared juices of citrus and
carrots, Int. J. Food. Sci., https://doi.org/10.1155/2014/408085, 1-
7 (2014)

4. Astuti D.T., Pujiastuti Y., Suparman S.H.K., Damiri N., Nugraha
S., Sembiring E.R. and Mulawarman, Exploration of Bacillus
thuringiensis Berl. from soil and screening test its toxicity on
insects of Lepidoptera order, IOP Conf. Ser.: Earth Environ. Sci.,
102, 1-7 (2018)

5. Balavenkatasubbaiah M. and Sivaprasad V., Flacherie disease
and its management in silkworm rearing, Central sericulture
research and training institute, Mysore (2003)

6. Balavenkatasubbaiah M., Shivashankar N., Maheswari M.,
Mathur V.B., Chandrasekharan K. and Narasimha N.A.R.,
Prevalence of silkworm diseases and their impact on cocoon
productivity in the selected areas of Karnataka, India, Indian J.
Seric., 53(2), 51-59 (2014)

7. Barretto A.D., Gadwala M. and Vootla K.S., The silkworm gut
microbiota: A potential source for biotechnological applications,
Methods in Microbiology, Academic Press, 49, 1-26 (2021)

8. Beecher D.J. and MacMillan J.D., Characterization of the
components of hemolysin BL from Bacillus cereus, Infect.
Immun., 59, 1778-1784 (1991)

9. Bosshard P.P., Abels S., Zbinden R., Bottger E.C. and Altwegg
M., Ribosomal DNA sequencing for identification of aerobic
gram-positive rods in the clinical laboratory (an 18-month
evaluation), J. Clin. Microbiol., 41, 4132-4140 (2003)

10. Bravo M., Soberén and Gill S.S., Bacillus thuringiensis:
Mechanisms and Use, Comprehensive Molecular Insect Science,
Elsevier, Academic Press, London, 175-205 (2005)

11. Brown K.L., Control of bacterial spores, Br. Med. Bull., 56(1),
158 — 171 (2000)

12. Chairman K., Singh A.R., Amalarani G., Padmalatha C. and
Alagumuthu G., Effect of marine extracts on the microbial
pathogens causing flacherie in the mulberry silkworm, Bombyx
mori L., Asian Pac. J. Trop. Biomed., 2(3), 1858-1861 (2012)

13. Chandana M., Bhaskaer R.N. and Kumar P.K.M., Isolation,
characterization and molecular identification of bacterial isolates
associated with Bombyx mori cytoplasmic polyhedrosis virus
(BmCPV) infected silkworm midgut, Int. J. Curr. Microbiol. Appl.
Sci., 10, 552-564 (2020)

14. Choudhury A. et al, The causal organism of flacherie in the
silkworm Antheraea assama Ww: isolation, characterization and its
inhibition by garlic extract, Phytother. Res., 16, 89-90 (2002)

15. Dereeper A., Guignon V., Blanc G., Audic S., Buffet S,
Chevenet F., Dufayard J.F., Guindon S., Lefort V., Lescot M.,
Claverie J.M. and Gascuel O., Phylogeny.fr: robust phylogenetic
analysis for the non-specialist, Nucleic Acids Res, 36, 465-469
(2008)

16. Edgar, R.C., MUSCLE: multiple sequence alignment with high

accuracy and high throughput, Nucleic Acids Res., 32(5), 1792-
1797 (2004)

https://doi.org/10.25303/208rjbt064073

Vol. 20 (8) August (2025)
Res. J. Biotech.

17. El-Kersh A.T., Al-Sheikh Y.A., Al-Akeel R. and Alsayed A.A.,
Isolation and characterization of native Bacillus thuringiensis
isolates from Saudi Arabia, Afr. J. Biotechnol., 11(8), 1924-1938
(2012)

18. Frederiksen K., Rosenquist H., Jgrgensen K. and Wilcks A.,
Occurrence of natural Bacillus thuringiensis contaminants and
residues of Bacillus thuringiensis-based insecticides on fresh fruits
and vegetables, Appl. Environ. Microbiol., 72(5), 3435-3440
(2006)

19. Ghosh R., Chatterjee S. and Mandal C.N., Stenotrophomonas,
Benef. Microbes. Agroecol., DOI: 10.1016/B978-0-12-823414-
3.00020-4, 427-442 (2020)

20. Gohar M., @kstad O.A., Gilois N., Sanchis V., Kolstg A.B. and
Lereclus D., Two-dimensional electrophoresis analysis of the
extracellular proteome of Bacillus cereus reveals the importance of
the PIcR regulon, Proteomics, 2, 784-791 (2002)

21. Gudimalla P., Akula S. and Kuntamalla S., Isolation,
identification and characterization of pathogenic bacteria from the
gut tissues of silkworm (Bombyx mori, L.) and its management
using phytoessential oils, Int. J. Entomol. Res., 5(2), 67-69 (2020)

22. Haloi K., Kalita M., Nath R. and Devi D., Characterization and
pathogenicity assessment of gut-associated microbes of silkworm
Antheraea assamensis Helfer (Lepidoptera: Saturniidae), J.
Invertebr. Pathol., 138, 73-85 (2016)

23. Helgason E., Okstad O.A., Caugant D.A., Johansen H.A., Fouet
A., Mock M., Hegna I. and Kolsts A.B., Bacillus anthracis,
Bacillus cereus and Bacillus thuringiensis-one species on the basis
of genetic evidence, Appl. Environ. Microbiol., 66(6), 2627-30
(2000)

24. James R.R. and Li Z., From silkworms to Bees: disease of
beneficial insects, Insect Pathology, Academic Press, 425-459
(2012)

25. Jensen G.B., Hansen B.M., Eilenberg J. and Mabhillon J., The
hidden lifestyles of Bacillus cereus and relatives, Environ.
Microbiol., 5(8), 631 — 640 (2003)

26. Kandi V., Palange P., Vaish R., Bhatti B.A., Kale V., Kandi
R.M. and Bhoomagiri R.M., Emerging bacterial infection:
identification and clinical significance of Kocuria sp., Cureus.,
8(8), 1-6 (2016)

27. Kant R., Bali K., Gupta R.K., Sharma R., Sharma S. and Singh
P., Role of Biotic and Abiotic Factors Influencing Cocoon
Productivity in Jammu Region, Biol. Forum., 14(2), 1140-1145
(2022)

28. Katio C., Akimitsu N., Watanabe H. and Sekimizu K.,
Silkworm larvae as an animal model of bacterial infection
pathogenic to humans, Microb. Pathog., 32(4), 183-190 (2002)

29. Khachatourians G.G., Insecticides, Microbial, Reference
Module in Life Sciences, Elsevier, Academic Press (2019)

30. Kumar S.D., Tarakeswari M., Lakshminarayana M. and
Sujatha M., Toxicity of Bacillus thuringiensis crystal proteins
against eri silkworm, Samia ricini (Lepidoptera: Saturniidae), J.
Invertebr. Pathol., 138, 116-119 (2016)

71



Research Journal of Biotechnology

31. Lereclus D., Agaisse H., Gominet M., Salamitou S. and Sanchis
V., Identification of a Bacillus thuringiensis gene that positively
regulates transcription of the phosphatidylinositol-specific
phospholipase C gene at the onset of the stationary phase, J.
Bacteriol., 178, 2749-2756 (1996)

32. Li G.N., Xia X.J., Zhao H.H., Sendegeya P. and Zhu Y.,
Identification and Characterization of Bacillus cereus SW7-1 in
Bombyx mori (Lepidoptera: Bombycidae), J. Insect. Sci., 15(1),
136 (2015)

33. Lund T. and Granum P.E., Characterisation of a non-hemolytic
enterotoxin complex from Bacillus cereus isolated after a
foodborne outbreak, FEMS. Microbiol. Lett., 141, 151-156 (1996)

34. Lund T., De Buyser M.L. and Granum P.E., A new cytotoxin
from Bacillus cereus that may cause necrotic enteritis, Mol.
Microbiol., 38, 254-261 (2000)

35. Madigan T.M. and Martinko M.J., Brock Biology of
Microorganisms, Pearson, Prentice Hall, New York (2005)

36. Mahdi O., Eklund B. and Fisher N., Stenotrophomonas
maltophilia: Laboratory culture and maintenance, Curr. Protoc.
Microbiol., 32, 1-9 (2014)

37. Meth T. and Gogoi H., Rearing of Eri Silkworm (Samia cynthia
ricini Boisd.) (Lepidoptera: Saturniidae) In Arunachal Pradesh: A
Study in Papumpare District, J. Bioresour., 3(1), 46-52 (2016)

38. Morabito S., Developments in improving the safety of sprouts,
Advances in Microbial Food Safety, Woodhead Publishing, 351-
378 (2015)

39. Nanteza H., Dewanti-Hariyadi R. and Nurjanah S., The
occurrence of Bacillus cereusin white pepper from Bogor,
Indonesia, IOP Conf. Ser.: Earth Environ. Sci. (2022)

40. Orhan E., Omay D. and Guvenilir Y., Partial purification and
characterization of protease enzyme from Bacillus subtilis and
Bacillus cereus, Appl. Biochem. Biotechnol., 121, 183-194 (2005)

41. Palma L., Munoz D., Berry C., Murillo J. and Caballero P.,
Bacillus thuringiensis Toxins: An overview of their biocidal
activity, Toxins (Basel)., 6(12), 3296-3325 (2014)

42. Rahul K., Moamongba, Saikia K., Rabha M. and Sivaprasad
V., ldentification and characterization of bacteria causing flacherie
in mulberry silkworm, Bombyx mori L., J. Crop Weed., 15(3), 178-
181 (2019)

43. Ranganathan K., Rathinam K., Danial M. and Subramaniam S.,
Quick isolation and characterization of novel Bacillus
thuringiensis strains from mosquito breeding sites in Malaysia,
Emir. J. Food. Agric., 23 (1), 17-26 (2011)

44, Rani J.L., Vankadesh B. and Kumaran T., Impact of certain
herbal extracts against bacterial disease of silk-worm Bombyx mori
L., Int. J. Res. Pharm. Pharm. Sci., 1(1), 8-10 (2016)

45. Ribeiro N.F., Heath C.H., Kierath J., Rea S., Duncan-Smith M.
and Wood F.M., Burn wounds infected by contaminated water:
case reports, review of the literature and recommendations for
treatment, Burns, 36(1), 9 — 22 (2010)

https://doi.org/10.25303/208rjbt064073

Vol. 20 (8) August (2025)
Res. J. Biotech.

46. Sakthivel S., Angaleswari C. and Mahalingam P.U., Isolation
and identification of bacteria responsible for flacherie in
silkworms, Adv. Appl. Sci. Res., 3 (6), 4066-4068 (2012)

47. Samson M.V., Flacherie in Bombyx mori L., Indian Silk,
33(11), 31-32 (1995)

48. Sandilya P.S., Debnath R., Dutta P. and Neog K., Aeromonas
caviae CSBO04, a causal organism of bacterial flacherie in muga
silkworm (Antheraea assamensis Helfer), Curr. Sci., 112(1), 32-34
(2017)

49. Savini V. and Fazii P., Bacillus thuringiensis Insecticide
Properties, The Diverse Faces of Bacillus cereus, Academic Press,
139-155 (2016)

50. Saxena S., Tiwari R., Singh P.C. and Arunkumar P.K., Chapter
5- MicroRNAs in the silkworm-pathogen interactions, Methods in
Microbiology, Academic Press, 49, 97-113 (2021)

51. Sharma J., Yadav A., Unni B.G. and Kalita M.C., Antibacterial
proteins from non-mulberry silkworms against flacherie causing
Pseudomonas aeruginosa AC-3, Curr. Sci., 89(9), 1613-1618
(2005)

52. Sivaprasad V., Rahul K. and Makwana P., Immunodiagnosis of
silkworm diseases, Methods in Microbiology, Academic Press, 49,
27-46 (2021)

53. Stenfors Arnesen L.P., Fagerlund A. and Granum P.E., From
soil to gut: Bacillus cereus and its food poisoning toxins, FEMS
Microbiol. Rev., 32(4), 579-606 (2008)

54. Sudha M., Dhilleswara Rao V., Suhasini K.P., Lakshman Shaik
and Ramanaiah M., Influence of Sodium Lauryl Sulfate Anionic
Micelles on the Complex Equilibria of Divalent Metal lons with
Isoleucine Amino Acid, Res. J. Chem. Environ., 28(11), 7-15
(2024)

55. Talavera G. and Castresana J., Improvement of phylogenies
after removing divergent and ambiguously aligned blocks from
protein sequence alignments, Syst. Biol., 56(4), 564-577 (2007)

56. Tang Y.W., Graevenitz A.V., Waddington M.G., Hopkins
M.K., Smith D.H., Li H., Kolbert C.P., Montgomery S.O. and
Persing D.H., Identification of coryneform bacterial isolates by
ribosomal DNA sequence analysis, J. Clin. Microbiol., 38, 1676-
1678 (2000)

57. Unban K., Klongklaew A., Kodchasee P., Pamueangmun P.,
Shetty K. and Khanongnuch C., Enterococci as dominant xylose
utilizing lactic acid bacteria in eri silkworm midgut and the
potential use of Enterococcus hirae as probiotic for Ericulture,
Insects, 13, 136 (2022)

58. Unni G.B., Goswami M. and Minakshi, B., Indigenous
knowledge of Silkworm Cultivation and its utilization in North-
Eastern region of India, Indian J. Tradit. Knowl., 8(1), 70-74
(2009)

59. Venkatraman V.T. and Chander R., Experiments of the
possible use of Bacillus thuringiensis thuringiensis berliner in the
control of crop pests. Il. Susceptibility of some lepidopterous pests
to B. thuringiensis, Proceedings of the Indian Academy of
Sciences, Section B, 66(6), 231-236 (1967)

72



Research Journal of Biotechnology

60. Xu J, Liu Q., Yin X. and Zhu S., A review of recent
development of Bacillus thuringiensis ICP genetically engineered
microbes, Entomol. J. East China., 15, 53-58 (2006)

61. Yang S., Wang Y., Ren F., Wang X., Zhang W., Pei X. and
Dong Q., The Sources of Bacillus cereus Contamination and their
Association with Cereulide Production in Dairy and Cooked Rice
Processing Lines, Food. Qual. Saf., 7, 1-14 (2023)

https://doi.org/10.25303/208rjbt064073

Vol. 20 (8) August (2025)
Res. J. Biotech.

62. Zhang J., Shen Z.Y., Tang X.D., Xu L. and Zhu F., Isolation
and identification of a pathogen, Providencia rettgeri, Bombyx
Mori, J. Bacteriol. Res., 5(2), 22-28 (2013)

63. Zhou X. and Li Y., Techniques for oral microbiology, Atlas of
Oral Microbiology, Academic Press, 15-40 (2015).

(Received 23" December 2024, accepted 25" February
2025)

73



