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Abstract

Larvae of Galleria mellonella (greater wax moth or honeycomb moth) are a widely used model for studying virulence factors
and pathogenesis of many prominent bacterial and fungal human pathogens, the efficacy of new antimicrobial compounds, and
immune responses. G. mellonella larvae are inexpensive easily obtained and are simple to use as they don’t require special lab
equipment. The immune system of G. mellonella larvae is structurally and functionally analogous to the innate immune
response of mammals, which makes this model suitable for study of virulence and pathogenesis of human pathogens. The
present research is undertaken to assess the suitability of G. mellonella as an alternative model for studying the virulence and
pathogenicity of Human pathogen E. coli and also the cellular and humoral immunity of E. coli to G. mellonella. Mortality and
Survival record of the larvae challenged with 10 pl of10°t0o10” CFU/MI and with 0.1% peptone water as control were
observed over 72 hrs and dose responses data obtained. Phenoloxidase enzyme activity was investigated as a marker for
immune response. Results demonstrate that E. coli is pathogenic towards G. mellonella Infection with E. coli strains activated
the melanisation pathway resulting in melanin deposition. The findings suggest G. mellonella might be a useful in vivo model

of infection and convenient as a prescreening assay for virulence of E. coli.
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Introduction

Galleria mellonella is also called greater wax
moth or honeycomb moth; it includes the order Lepidoptera
and family Pyralidae. The greater wax moth is notable for
its parasitization of honeybees and their hives. G. mellonella
is a typical holometabolous insect, that is, it goes through
four developmental stages in its life cycle, namely, the egg,
larva, pupa and adult. G. mellonella larvae have
considerable benefits when compared to traditional
mammalian models: they are easily inexpensive. Additional
advantages are that ethical approval is not required for their
use, and their short life cycle (7—8 weeks) makes them ideal
for large-scale studies. Large size of moth larvae (12-20
mm) enables simple manipulation and encourages the
processing of tissue and haemolymph for examination. The
popularity of this model organism is driven by the low cost
of purchase and the reduced ethical concerns for the
experimental manipulation of insects. This allows the
challenge of a large number of larvae in a single experiment,
which can improve the statistical power of an assay.
Importantly, G. mellonella can be maintained at mammalian
body temperature and the outcomes of infection can
reproduce that of mammalian animal models. This is likely
due to similarities in the innate immune response to
pathogens mediated by elements of cellular and humoral
immunity between insects and mammals.

The G. mellonella immune system shares a high degree of
structural and functional similarity to the vertebrate innate
immune system. Because of these similarities, their larvae
have been employed to study the virulence of bacterial and
fungal pathogens of mammals. The immune response of G.

mellonella is innate (first-line defense), and it consists of
three parts: physical as well as chemical barriers that protect
the insect from the external environment, the humoral
response, and the cellular response. The cellular response is
mediated by haemocytes (blood cells of G. mellonella).
There are at least six types of haemocytes in insects and
these show in distinguish ability’s to mammalian
neutrophils in terms of their ability to phagocytosis and kill
pathogens by the production of superoxide. The functions of
these hemocytes include storage of various types of
substances, as well as providing a defense of the organism,
based on coagulation mechanisms, phagocytosis,
nodulation, and melanization. The humoral response is
mediated by different types of soluble molecules secreted
against pathogens. This response mainly comprises
antimicrobial peptides, lytic enzymes (lysozyme), and
melanin.

Materials and Methods

Collection and culture of Galleria mellonella:

The egg mass and larvae of G. mellonella were collected
from Marutham Honey Bee farm at Nallampalayam area of
Coimbatore and brought to the laboratory. The collected egg
mass were isolated and kept in a separate plastic containers.
The collected larvae were isolated according to the size and
weight and placed in separate containers, fed with artificial
diet. The culture was maintained at 27+2° C and 42 Rh.

The larvae were maintained in a large container at room
temperature on an artificial diet. Aeration was provided by
making small holes on the lid. Once in a week larvae was
transferred in to fresh diet. Some of the larvae were kept as
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such in a container for pupation. During adult stage, they
were placed on a container having wax coated butter paper,
in which the female laid eggs. The eggs were transferred
carefully using sterile blade. Then washed with sterile
distilled water and 0.01% formalin and then transferred to
fresh diet. The eggs hatch within 3-4 days. The greater wax
moth larvae of Galleria mellonella were reared on artificial
diet in the laboratory.

Fig 2: Rearing of Galleria mellonella in the laboratory

Bacterial strains and preparation of inoculum

E. coli was sourced from our culture collection and isolates
selected based on toxin profiles. Cultures were stored in
30% glycerol (Thermo Fisher Scientific, United Kingdom),
70% brain heart infusion (BHI) media at -80°C and cultured
on BHI agar and incubated at 37°C for 5 h. Bacterial
inoculum were adjusted by absorbance (ODs2) and
CFU/mL determined by traditional serial dilution and
plating on TSC agar. Cells in adjusted cultures were pelleted
by centrifuging at 3170 xg at room temperature for 2 min
and washed once with 0.1% peptone water. Dilutions were
drawn into a 1 mL syringe fitted with a 30 g sterile needle.

Plate 3: Culture of Escherichia coli

Galleria mellonella challenge assay

Larvae were stored in wood shavings, at room temperature,
in the dark. To avoid sampling biases, larvae with any signs
of melanisation or deformity were rejected. Larvae were
weighed and only larvae meeting the criteria of 250 + 50 mg
were utilized. Prior to all injections, larvae were
immobilized by standing the 24 micro-well plate on ice for
15 min (Sammy Kay et al, 2019).
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Plate 4: Challenge assay of Galleria mellonela before introduced
bacterial inoculum

Pathogencity screening

E.coli was prepared for inoculation. Groups of 10 larvae
were each challenged with 10 pl of10° to10” CFU/MI and 10
larvae injected with 0.1% peptone water as controls. Larvae
were placed in Petri-dishes lined with greaseproof paper to
allow for greater contrast in images. All groups were
incubated aerobically at 37°C and survival recorded at 72 h.
The experiments were repeated in triplicate and an average
survival result recorded (Sammy Kay et al, 2019).

Dose dependent challenge

Final instar G. mellonella larvae were obtained from the
culture. Only healthy looking caterpillar with no
melanization was used in the experiments. In dose
dependent challenge studies, larvae were prepared by
placing one per well in 24 micro-well plastic plates. All
larvae were treated identically to ensure injection and isolate
continuity throughout. E.coli were investigated by preparing
a dilution series of isolate and larvae were injected with a
dilution of10 pL of washed cultures ranging from
approximately 10°to 10" CFU/mL. in addition, 24 larvae
were injected with 10 uL of 0.1% peptone water as negative
control. All six plates for each isolate were recorded
simultaneously with the image recording system described
previously. The larvae were incubated for 72 h at 37°C.
Images were taken every 10 min for 72 h. Melanisation
scores and mortality were recorded at 0, 24, 48, 72 and 96 h
post injection. All experiments were repeated in triplicate
and average scores recorded (Sammy Kay et al, 2019).

Results and Disscussion

A variety of different insects species have been employed to
study microbe host interactions and include Drosophila
melanogaster, Galleria mellonella, Bombyx mori and
Manduca sexta. A wide range of microorgansims have been
studied in insects including many bacterial (Dunphy et al.,
1986; Morton et al., 1987; Bergin et al., 2005) ¥l and fungal
pathogens (Mylonakis et al., 2005; Reeves et al., 2004;
Cotter et al., 2000) [ & 101 |n this study the human
pathogen E. coli was introduced in to the 5™ instar larvae of
G. mellonella in different inoculum levels.

E. coli inoculation of Galleria mellonella larvae

The groups of G. mellonella larvae injected different
inoculum levels (10°% 10® and 107 CFU/ml of E. coli
suspension. Larvae of G. mellonella are easy to inoculate
via injection into the haemocoel through the last left pro-leg.
The base of the pro-leg can be opened by applied gentle
pressure to the sides of the leg and this aperture will re-seal
after removal of the syringe needle without leave a scar.
Larvae can be stored at 15°C prior to use and, once
inoculated, may be maintained at temperatures up to 37°C as
long as appropriate controls are implemented to quantify the
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effect of temperature on survival. Larvae with any signs of
melanisation or deformity were rejected. Larvae were
weighed and only larvae meeting the criteria of 250 = 50 mg
were utilized. Prior to all injections, larvae were
immobilized by standing the 24 micro-well plate on ice for
15 min.

Pathogenesity screening

Groups of 10 larvae were injected with 10 pl of 10°%o
107 CFU/mL and 10 larvae injected with 0.1% peptone
water as controls. All groups were incubated aerobically at
37°C and survival recorded at 72 h. Injection with 10puL of
10°CFU/ml E. coli bacteria cause visible disease to the
larvae within 6-12 h. melanisation occurs at the site of
injection and other parts of body. No melanisation occurs in
0.1% peptone control. Control shows high survival rate
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compared to the infected E. coli strains in larvae of G.
mellonella isolates of high virulence could be detected by a
decrease in circulating haemocyte density and an increase in
bacterial load whereas isolates of low virulence were
detectable by a high haemocyte density and a low bacterial
load (Bergin et al., 2003). Changes in the expression of
selected anti-microbial peptides can be used as an indicator
of the immune response to infection and assist in
differentiating pathogenic from non-genic infections (Bergin
et al., 2006) Bl Irrespective of which endpoint is used
(larval death, Bacterial load, haemocyte density, anti-
microbial peptide expression, Proteomic profile) results can
be obtained within 12 h. While G. mellonella larvae offer
many advantages as an alternative model for studying
bacterial pathogens of humans a number of points should be
borne in mind regarding the appropriate of their use.

Plate 5: Living (A) and dead (B) G. mellonella larvae that had been infected with E. coli

Dose Dependent Challenge

In dose dependent challenge larvae were injected with
different concentration of E.coli bacteria such as10°, 10°and
10°CFU/ML. In addition, larvae were injected with 10 pL of
0.1% peptone water as negative controls. After 6hrs of
incubation larvae exhibits nodulation and blackening of the
cuticle. The rate of development of infection appears
dependent on inoculums size as melanization increases
rapidly with increasing inoculum dose. Infected group
demonstrates melanization at 1-2 hrs post incubation
compared to no melanization in 0.1% peptone control.
Infection with lower dilutions did not cause significant
melanization compared to higher dilutions.

Inoculated larvae were start changed to turn black color
within two hours post infection of E. coli. It may occurred
depending upon the virulence of the pathogen (E. coli). This
is due to the onset of melanisation an insect immune
response resulted from the cleavage of prophenoloxidase to
active phenoloxidase designed to limit the growth of the E.
coli within the haemocoel (Kavanagh and Reeves, 2004) [8],
Dead larvae were appeared black in color. However it is
worth noting that some pathogens (E. coli) may lead to the
appearance of arid/brown pigmentation in the insect cuticle.
While larval death is often used as the end point in an
experiment other parameters may also be employed
particularly when dealing with a relatively ‘weak ‘pathogen
or mutant with attenuated virulence which may not actually
kill the test larvae. Fluctuations if Bacterial culture load and
haemocyte density have been used as accurate indicators of
bacterial virulence in larvae (Bergin et al., 2003) as have
changes in the expression of anti-microbial peptides (Bergin
et al., 2006) EI,

10° CFU/ml E. coli infection

Plate 6: Melanisation occurs dorsal and ventral side of G.
mellonella larvae, one hour post infection with E. coli 10° cfu/ml
E. coli infection

44



International Journal of Entomology Research www.entomologyjournals.com

105CFU/mI E. coli infection 105CFU/ml E. coli infection

108CFU/ml E, coli infection 10CFU/ml E. coli infection

Plate 7: Melanisation occurs dorsal and ventral side of g. Plate 9: Melanisation occurs dorsal and ventral side of G.
Mellonella larvae, two hours post infection with E. coli mellonella larvae, four hours post infection with E. coli
105CFUml E. coli infecti e
R coll iection 105 CFUMI E. coli infection

106 CFU/ml E. coli infection

107CFU/ml E. coli infection

Plate 8: Melanisation occurs dorsal and ventral side of G. Plate 10: Melanisation occurs dorsal and ventral side of G.
mellonella larvae, three hours post infection with E. coli mellonella larvae, six hours post infection with E. coli
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Conclusion

Over recent years, G. mellonella has become increasingly
popular as a surrogate host to study infectious diseases, as
well as a screening platform for antibiotics. The use of this
larval model has provided several advantages over the use
of the murine model, including the ability to test many
bacterial strains in a limited period at low cost with easy
management, these characteristics make G. mellonella an
ideal model for the in vivo evaluation of new strategies, the
efficacy of novel drugs and the characterization of host
pathogen interaction. In this review, the cellular and
humoral aspects of the human immune responses of G.
mellonella larvae when challenged with human pathogen E.
coli have been described. Cellular responses and some
humoral responses such as antimicrobial peptides, lytic
enzymes, melanization and opsonins are well defined based
on the number of species studied. These factors could be
important for a better understanding of G. mellonella as a
model organism to study host-pathogen interactions and the
treatment of infections.
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