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Abstract

In the present study, endophytes are important source for the discovery of bioactive compounds to
control Galleria mellonella, the destructive pest to apiary. The isolates were identified as Aspergillus
parasiticus speare 13939 and Aspergillus carbonarius van Tieghem 13943. The isolates were
assessed for their crude extracts against the 4" instar larvae of G. mellonella. A. parasiticus exhibited
the most potent larvicidal activity after 3, 5, 7 and 9 days post treatment, respectively. A. parasiticus
filtrate caused the highest mortality after 7 days recording (50 %) at 8 % concentration. The mortality
was strong by using 5 % of A. carbonarius filtrate (75 %) after 3 days of treatment. However, the
mortality was weak with 9% of A. carbonarius (25 % at 9 days). In the same time, 1% of A. carbonarius
showed weak effect on the percents of wax moth larval mortality (50 % at 9 days). As well as, the
highest mortality percent of A. carbonarius was 62.5 % when the wax moth larvae were treated by
7 ml containing 34.6x10%spore ml” after 11 days of incubation. The highest mortality percentage 75
% as 1Tml from different volumes of A. parasiticus was obtained using 7 ml containing 11.13x10°
spore ml" on wax moth larvae after 7 days of incubation. The effective concentrations of spore
suspensions could be arranged in descending manner according to the mortality of wax moth
larvae. Finally, all results indicated that these endophytic fungi could be a potential ecofriendly
source of bioactive metabolites with insecticidal activity and can be used in integrated management
program.
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Introduction

The present study concerned with the detection of some fungal isolates' toxicity on the mortality
levels of G. mellonella. Invertebrate models of infection that are less expensive and morally
acceptable have been developed, such as those using G. mellonella larvae. G. mellonella can be
used in addition to traditional animal models to explore a variety of aspects of host-fungal
interactions. When human pathogenic bacteria infect wax moth larvae and mammals, they
frequently use the same virulence and pathogenicity components as are used to infect invertebrates,
which have immune systems that function similarly to those of mammals' innate immune systems.

Additionally, wax moth larvac and mammals share many human illnesses' similar levels of
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pathogenicity. Before using more expensive mammalian models, it is possible to quickly, cheaply,
and accurately assess the toxicity and effectiveness of new antimicrobial drugs invivo by using the
wax moth larva model. By eliminating substances with a poor likelihood of success and bolstering
the need for more research in mammalian systems, this straightforward insect model can close the
gap between invitro investigations and mammalian experiments. It is advised that wax moth larva
models be used more frequently in anti-infective drug research and development programmed to

decrease the usage of mammals in preclinical testing and lower the overall cost of drug development

(Desbois and Coote, 2012).

Secondary metabolites produced by endophytes have been well documented to provide protection
to the plant against insects (Golla et al., 2018 and Negi et al., 2018). The insecticidal activity of
the endophytes could be mediated by the production of metabolites inhibiting the digestive
enzymes of the insects. In insects, a-glycosidases are found in the alimentary canal, salivary
secretions and hemolymph. Several insects are dependent on a-amylase to utilize starch for
carbohydrate metabolism, making them good targets for biocontrol. A phenolic compound
isolated from Cladosporium sp. has been reported to exhibit insecticidal activity due a-glucosidase
inhibition (Singh et al., 2015). Another phenolic compound chlorogenic acid has been isolated
from endophytic fungus Cladosporium velox and characterized using mass spectroscopic analysis
reported to suppress the activity of gut a-glycosidases (in vivo) of the polyphagous insect pest

Spodoptera litura (Singh et al., 2016).

Slater et al. (2011) showed that the pathogenicity of six knockout strains of Aspergillus fumigatus
was comparable in murine and wax moth larva infection models, but that some discrepancies were

observed between the murine and D. melanogaster models.

Fluorescent microscopy characterized the dissemination and development of Aspergillus within
larvae. By 6 h, fungal infection had spread to distal sites of the larvae and is marked by the
formation of well- defined melanized nodules consisting of granulocytes infiltration and
encapsulation of A. fumigatus germinating conidia (Dubovskiy et al., 2016). A. fumigatus
remained viable and grew through melanized nodules 6 and 24 h post infection thus highlighting
the importance of nodulation as an early response to an invading fungal inoculum (Alekseeva et
al., 2009). A. fumigatus toxins gliotoxin and fumagillin inhibit the microbicidal activity of human
neutrophils and insect hemocytes by blocking the formation of F-ctin (Fallon et al., 2010 and
Renwick et al., 2007). A. terrus infection in G. mellonella demonstrated unique histological
findings consistent with those observed in disseminated aspergillosis in mammels (Maurer et al.,
2015). There were virtually completed sequenced fungal genomes representing Aspergillus
nidulans and Fusarium graminearum. A. nidulans has a single proteinase K subtilase (An 5581).
Also, there is multiple intron loss in the phylogeny in F. graminearum to emphasize the difficulty
of reconstructing the evolution of gene structure because of a labile nature intron presence or

absence (Krzywinski and Besansky, 2002). The availability of these genome sequences facilitates
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the pathogenicity to insects. An association between the presence of dsRNA and hypo virulence
has been documented for several Aspergillus species (Elias and Cotty, 1996 and Van
Diepeningen et al., 2008).

Materials and methods

1- Isolation of fungal species: -

Each plant freshly healthy leaves and twigs were thoroughly washed in running water, cut into
segments, and surface sterilized using a modified version of Raviraja's (2005) procedure that
involved immersion in 70 % ethanol for 1 minute, followed by 2 minutes in a solution of 4%
sodium hypochlorite, and then 1 minute of washing in sterile distilled water. After being placed
on a sterile towel, sterilized samples were surface dried in a sterile environment. To avoid bacterial
contamination, each individual piece was put in a petri dish with potato dextrose agar and
chloramphenicol (Raper and Fennel, 1965). Each petri dish had five or six segments plated in it,
and the dishes were incubated at 27°C for a week to 15 days. It was determined whether the

sterilizing process was effective.

To verify the sterility of the work space, control plate medium devoid of plant components was
employed (Schulz et al., 1998). On PDA broth, endophytic fungi A. parasiticus speare 13939
(from leaves of Cacteceae) and A. carbonarius van Tieghem 13943 (from stems of Moringa) were
cultivated using a modified version of Pinkerton and Strobel's (1976) technique. After 21 days,
metabolites from each endophyte were harvested using triplicate inoculations. The filtrate is known
as cell free culture filtrate and is used for pathogenicity testing on the fourth instar larvae of G.
mellonella after their corresponding culture fluid was passed through four layers of cheese cloth to

remove particles and filtrates were kept in separate vials.

2-Effect of different dilutions of Aspergillus parasiticus and Aspergillus carbonarius filtrates
on wax moth

50 ml of YES broth were used to culture one ml of each isolate's spore suspension, which was then
incubated at 30°C for 10 days. The cultures were run through Whatman No. 1 filter paper after
the incubation period. To the whole volume of fungal filtrate, various amounts of sterilized distilled
water were added individually to produce the following percentages in each tube: 1, 2, 3, 4, 5, 6,
7, and 9%. The surface of the diet was covered with one ml of the diluted filtrate, which was then
allowed to dry. Three copies of each therapy were given. Using a sterilized fine brush, the G.
mellonella larvae were applied to the prepared diet surface on petri plates. For the petri dishes, the
incubator was adjusted to 28.2 'C and 65% R.H. A second set of petri dishes were prepared with
the same diet and treated with water alone as a control. These plates were then allowed to dry with
an equal number of the maintained larvae placed on their surface. To determine the best

concentration of fungus filtrate, larval mortalities were measured after 1, 2, 3, 5,7, 9 and 11 days.

3-Effect of different dilutions of spore suspensions of some fungi on wax moth
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In comparison to G. mellonella larvae of the 4™ instar, the effectiveness of several spore
solutions of the most efficient fungus was calculated. Using pure water, serial successive
concentrations of each suspension starting at 1% were made. The diet was dipped into each
concentration for 30 seconds, with three replicates made for each concentration under test and a
control (10 replicates). Mortality rates were reported 72 h following therapy. The mortality %
corrected using Abbott's formula (1925).

Results

1- The efficacy of some endophytic fungal isolates extracts against the 4" instar G.

mellonella larval mortality:

The fungal filtrates of A. parasiticus and A. carbonarius had satisfactory levels of mortality.
The results were recorded at different incubation intervals (1, 3, 5, 7 and 9 days) and the obtained
data were recorded. More than 8 % of fungal filtrate decreased larval mortality. From these data,
it could be concluded that 6 % of fungal filtrates of both fungal strains produced the highest

increase in larval mortality, as compared with other concentrations.

This experiment aimed to study the effect of different dilutions of fungal filtrates on wax moth
larvae mortality by fungal isolates. (1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9 %) of A. parasiticus
and A. carbonarius were separately added as 1 ml of fungal filtrate to wax moth diet. One ml of
solution added without fungal filtrate in a separate pettri dish served as control. Results revealed
that the tested fungal extracts caused low initial mortalities at the first days of treatment by the
initial concentrations while their highest mortality percents recorded from the third till 9 days post

treatment. A. parasiticus caused the highest mortality after 9 days recording (50 %).

After incubation at 30°C, each sample was tested for its mortality concentrations. However, the
mortality was weak with 9 % of A. carbonarius (25 % at 9 days). In the same time, 1% of A.
carbonarius showed weak effect on the percents of wax moth larval mortality (50 % at 9 days).
However, the percents of mortality were greatly affected at 5% after 72h of treatment by A.
carbonarius recording (75 %) as shown in Table 1. The results of this experiment indicated that
fungal filtrate was effective in wax moth larvae mortality by the two isolates A. parasiticus and A.

carbonarius and the effect was dose- dependant.
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Table 1: The efficacy of some fungal filtrates (A. parasiticus speare 13939 and A.
carbonarius van Tieghem 13943) on G. mellonella larvae after 3, 5, 7 and 9 days at 28+

2°C and 65+ 5%RH.

Mortality percentages (%) during different incubation periods (days)

Conc
(%) A. parasiticus A. carbonarius

1 3 5 7 9 1 3 5 7 9
1% 0 25 25 25 25 25 25 50 50 50
2% 0 25 25 25 25 25 50 625 625 75
3% 0O 0 0 0 25 25 625 625 625 625
4% o 0 0 0 25 50 50 625 625 625
5% 0 O 0 0 25 0 75 75 75 75
6% 0 25 25 25 375 0 62.5 62.5 625 625
7% 0 0 25 25 375 0 37.5 37.5 375 375
8% 0 25 25 50 50 125 50 50 50 50
9% 0 0 0 0 5 0 25 25 25 25
Control O 0O O 0 0 0 0 0 0 0

2- The efficacy of most potent endophytic fungal spore suspensions against the 4" instar

G. mellonella larval mortality:

The previous data clearly indicated that A. parasiticus and A. carbonarius had the maximum
mortality percent. As well as, the same isolates had the highest insecticidal action against wax moth.
Therefore, the previous isolates were selected for the further experimental studies. Two experiments
were carried out to study the wax moth larval mortality by spore suspension of 2 fungi A. parasiticus
and A. carbonarius under the influence of incubation time. To select the optimum incubation time
for larval mortality by the 2 fungal strains, A. parasiticus (318 \10 pL saline) were suspended in
100 ml of sterilized saline solution incubated for different time intervals, then taken different
volumes (1, 2, 3, 5,7, 9 and 11 days) at 30°C. As well, A. carbonarius (990 \10 pL saline). At the
end of the incubation period, all samples were recorded and the mortality percentages were
determined, as previously mentioned. To select the proper lethal concentration which supported

successful larval mortality, 9 different concentrations of spore suspension of fungal strains A.
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parasiticus and A. carbonarius were tested. Analysis of the various concentration throughout the
experimental periods revealed that variability in wax moth larval mortality was obtained using
different concentrations. The mortality percents of each concentration were measured and the
results were presented. The highest mortality percentage 75 % as 1ml from different volumes of
A. parasiticus was obtained using 7 ml containing 11.13x10°¢ spore ml" on wax moth larvae after
7 days of incubation. The effective concentrations of spore suspensions could be arranged
descendingly according to the mortality of wax moth larvae. As well as, the highest mortality
percent of A. carbonarius was 62.5 % when the wax moth larvae were treated by 7 ml containing
34.6x10° spore ml" after 11 days of incubation. According to the results of this experiment, the
larvaec have been treated in 7 ml of spore suspensions of A. parasiticus and A. carbonarius

throughout the subsequent experiments.

Table 2: The efficacy of some fungal spore suspensions (A. parasiticus speare 13939 and A.
carbonarius van Tieghem 13943) on G. mellonella larvae after 1, 2, 3, 5, 7, 9 and 11 days
at 28+ 2°C and 65+ 5%RH.

a)- A. parasiticus

Concentrations Mortality percentages (%)

of A. parasiticus

(Spore ml) 24 h 48h 72h 5 days 7days 9 days  1ldays

1 (1.59x10°) 0 0 0 0 0 25 25
318 in 10

2 (3.18x10% 0 0 0 0 25 25 37.5
pl  (total

3 (4.77x10°) volume 0 0 0 0 0 25 37.5
100 ml)

4 (6.36x10°) 0 50 50 50 50 50 62.5

5 (7.95x10°) 0 0 0 0 0 37.5 62.5

6 (9.54x10°) 0 25 25 25 50 50 62.5

7 (11.13x10°) 0 25 25 50 75 75 75

8 (12.72x10°) 25 25 25 25 50 50 50

9 (14.3x10°) 0 0 0 0 0 0 25

Control 0 0 0 0 0 0 0
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b)- A. carbonarius

Concentrations Mortality percentages (%)

of A. carbonarius 4% L b sd 2 94 id

(Spore ml) ays ays ays ays

1 (4.95x10°) 0 0 0 0 0 25 25
990 in 10

2 (9.9x10°) 0 0 0 0 0 25 50
pl - (total

3 (14.85x10°) volume 0 0 0 0 0 25 50
100 ml)

4 (19.8x10°) 0 25 25 25 25 25 50

5 (24.75%x10°) 0 0 25 25 25 37.5 50

6 (29.7x10% 0 25 25 25 25 37.5 50

7 (34.6x10°) 0 0 0 0 0 25 62.5

8 (39.6x10°% 0 0 0 0 25 25 62.5

9 (44.55x10°) 0 0 0 0 0 25 37.5

Control 0 0 0 0 0 0 0

Discussion

In this investigation, A. parasiticus and A. carbonarius produced the maximum mortality of G.
mellonella. According to Raper and Fennell (1965) and Moubasher (1993), the two isolates
were recognized using the traditional methods of identification (macroscopic and microscopic
criteria). A. parasiticus speare 13939, A carbonarius van Tieghem 13943 were the isolates'
designations as a consequence. On the 21 day, the most powerful isolates (A. parasiticus and A.
carbonarius) were collected from their broth cultures for the purpose of extracting secondary

metabolites.

A. parasiticus induced the production of a novel compound present inside mycelium 2-(-4-
bromophenyl)-2-oxoethyl benzoate, that is considered food repellent in Coleoptera (T castaneum)
as well as having an antivirulence strategy (Cartagena et al., 2014). Virulence of A. parasiticus
may also depend on the media on which it is being cultured. Hence, strain of A. parsiticus was

suitable as biological control agent against C. heimi (Aihetasham et al., 2015). A. carbonarius is
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the main fungal species producing a range of secondary metabolite. The function role of the
transcription factor ACOTAbZIP gene in culture filtrate of A. carbonarius is involved in metabolite
synthesis (polyketide biosynthesic pathway). This gene is involved in 1,8 dihydroxynaphtalene
melanin biosynthesis (Gerin et al., 2021). Hexamerin is a storage protein which is endocytosed
by fat body cells has ferritin subunits by which the larvae can limit the growth of the fungus within
the hemocoel. The balance of iron availability play role in the immune system- fungal iron
sequestration. The synthesis of ferritin as means of sequestering iron from Aspergillus siderophores
may play role in protecting the host against the higher fungal inoculum by depleting the fungus of
its iron requirement (Vierstraete et al., 2004 and Schrettl et al., 2004). Calcineurin is a calcium
calmodulin- dependent phosphatase conserved widely across eukaryotes, including pathogenic
fungi. The role of calcineurin varies depending on the fungal species, for example calcineurin in A.
fumigatus, calcineurin mutants exhibit delayed germination, hyphal growth with irregular
branching and abnormal septa (Juvvadi et al., 2014), where the calcineurin inhibitor FK506

forces Mucor to grow only as yeast (Lee et al., 2013).

The findings demonstrated that the investigated extracts had greater larvicidal action than the spore
solution of the endophytic fungus and may retard the growth of G. mellonella larvae. Numerous
studies have shown the importance of endophytes in preventing insect growth, killing insects, and
repelling insects (Clay, 1988; Singh et al., 2016 and Azevedo et al., 2000). According to the
results of this experiment, the larvae have been treated in 7 ml of spore suspensions of A. parasiticus

and A. carbonarius throughout the subsequent experiments.

This revealed the secondary metabolites in these extracts may have insecticidal properties.
According to Jeyasankar et al. (2014), high larval mortality often suggests possible insecticidal
efficacy of fungal secondary metabolite extract. This conclusion is in keeping with their findings.
Insecticide properties of secondary metabolite substances include poisoning or the formation of
harmful chemicals after intake. Larval death may be attributable to direct insecticidal action,
feeding inhibition, gustatory repellency, or a reduction in the ability to assimilate food. In this
regard, Desire et al. (2014) verified that these endophytes will increase the pool of possible

medicines and pesticides.

According to Andres et al. (2017), screening naturally occurring compounds in microorganisms
is one method of looking for such environmentally friendly insecticide products. It could be
concluded that 6 % of fungal filtrates of both fungal strains produced the highest increase in larval

mortality, as compared with other concentrations.

Serotonin (5- hydroxyl tryptamine) has been examined in the central nervous system of many
insect species (Coleman and Neckameyer, 2005). Serotonin plays a key role in regulating and
modulating physiological and behavioral processes in insects (Yuan et al., 2006). The
entomopathogenic C. coronatus produces 2- [ carboline alkaloids which influence the

development of G. mellonella by affecting serotonin- regulating enzymes (Harding et al., 2013).
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The larval mortality using some fungal strains has been also studied, in a trial for controlling the

infection of the wax moth.

Endophytes can be exploited as one of the biological control agents in sustainable agricultural

production, according to Saad et al. (2019).

Larval mortality after consuming a meal containing a fungus extract may be caused by a disruption
in larval bioassays (Gobbi et al., 1998). Furthermore, some larvac were unable to reach the
following advanced instar (Khedr, 2002). The severely slowed rate of growth of the treated larvae
as a result of the extracts' post-harmful effects may also be connected to the extracts' capability for

repelling insects, and the insect's capacity to convert food into biomass.

The delayed development and the lowered adult emergence were detected in larvae given a diet
supplemented with a fungus extract. The findings of the phytochemical analysis revealed that there
were several phenolics, terpenoids, and proteins in the fungal extract. The results of the biosafety
research indicated that the extract is safe. It was shown that the genotoxic and cytotoxic properties

of S. litura and the associated capacity of S. commune to kill insects (Kaur et al., 2018).

Little is yet understood about the effectiveness of endophytic fungal extracts as biological
controlling agents and their various modes of action against various insects. The majority of
research on natural product regulating agents focused on the effects and mechanisms of action of
plant extracts on insects, whereas endophytic fungal extracts and their metabolites received less

attention.
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