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Traditional chemical pesticides pose potential threats to human health, the environment, and food safety, and 
there is an urgent need to develop botanical pesticides that are easily degradable, renewable, and environmentally 
compatible. This research serves to detect the lethal impacts of Amanita pantherina(DC.:Fr) Schrmm.(Agaricales, 
Amanitaceae, Amanita), Amanita virgineoides Bas (Agaricales, Amanitaceae, Amanita), Coprinus comatus (O.F.Müll.) 
Pers. (Agaricales, Psathyrellaceae, Coprinus), Pycnoporus cinnabarinus(Jacq.:Fr) Karst (Polyporales, Polyporaceae, 
Polyporus) and Phallus rubicundus (Bosc) Fr. (Phallales, Phallaceae, Phallus) on Drosophila melanogaster(Diptera, 
Drosophilidae, Drosophila), including their effects on lifespan, fecundity, offspring growth and developmental 
characteristics, antioxidant enzyme activity, peroxide content, and the gene transcription associated with signaling 
pathways and lifespan of D. melanogaster. The results demonstrated that they all produced lethal effects on D. 
melanogaster. Female flies were more sensitive to the addition of macrofungi to their diet and have a shorter 
survival time than male flies. The toxic activity of A. pantherina-supplemented diet was the strongest, so that 
the D. melanogaster in this group had no offspring. The macrofungal-supplemented diets were able to signifi-
cantly reduce the activity of antioxidant enzymes, accumulate peroxidation products, up-regulatd the transcription 
of genes related to signaling pathways, inhibit the expression of longevity genes, reduce the lifespan and fertility 
of D. melanogaster. Consequently, we hypothetically suggest that medicinal C. comatus, P. cinnabarinus and P. 
rubicundus hold the potential to be developed into an environmentally friendly biopesticide for fly killing.

Graphical Abstract 

Key words: macrofungi, biopesticide, Drosophila melanogaster, poisoning, longevity gene

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://orcid.org/0000-0003-0119-9560
mailto:hyaqin88@163.com


2 Journal of Insect Science, 2023, Vol. 23, No. 3

Background

The invasive insect pest, Drosophila suzukii Matsumura (Diptera, 
Drosophilidae), owns a wide host scope, reproduces speedily, and 
owns the capability of surviving in numerous climatic situations, 
all of which have contributed to the fast global distribution of this 
economically crucial injurious insect (Curtsinger 2019). The chem-
ical fly pesticides utilization aren't the sustainable strategies on 
account of the administrative limitations and the potential for re-
sistance of the insecticide (Van Timmeren et al. 2018, Deans and 
Hutchison 2022). Many plants and fungal compounds possess re-
markable biological activities related to the presence of secondary 
metabolites (Cespedes et al. 2015, Damalas and Koutroubas 2018). 
Amanita muscaria (L.) Lam. (Agaricales, Amanitaceae) is capable of 
being adopted for catching flies while being soaked in water or milk 
(Lumpert and Kreft 2016). Amanita muscaria is capable of being 
adopted against the mosquito Culex quinquefasciatus (Diptera, 
Culicidae) (Cárcamo et al. 2016). Additionally in 175 tested dis-
parate species of fungi, 79 were discovered to impede the insect 
progression (Mier et al. 1996). The observed consequences prove 
that some fungi include antifeedant and repellent even poisonous 
compounds that act against Sitophilus zeamais (Palavecino-De-La-
Fuente et al. 2022), Drosophila melanogaster, Tribolium castaneum 
(Riahi et al. 2009), Leptinotarsa decemlineata (Kryukov et al. 2014), 
and Plutella xylostella (Kim et al. 2002).

Amanita pantherina (DC.:Fr) Schrmm. can produce symptoms 
that central nervous system (CNS) depression, ataxia, waxing and 
waning obtundation, religious hallucinations, and hyperkinetic 
behavior when eaten by humans by mistake (Satora et al. 2006). 
Although Korean people consume Amanita virgineoides Bas (Phat 
et al. 2016), some studies indicate that it can be poisonous (Asano 
et al. 2013). Coprinus comatus (O.F.Müll.) Pers. have antiplatelet, 
anticoagulant (Poniedziałek et al. 2019), anti-glioma(Nowakowski 
et al. 2021), antidiabetic, antioxidant (Ratnaningtyas et al. 2022) 
activities, and can relieve alcohol-induced liver injury (Zhao et 
al. 2018), inhibit adipocyte differentiation (Park et al. 2014), 
and reduce the incidence of chronic inflammatory disorders (Van 
de velde et al. 2015). Studies have shown that of the pigments of 
Pycnoporus strains; cinnabarin, cinnabarinic acid, and tramesanguin 
are the main components, have anti-inflammatory activity and 
can poison cancer cells, Aedes, Anopheles larvae (Tellez-Tellez et 
al. 2016), and Diatraea magnifactella (Díaz-Godínez et al. 2016). 
The secondary metabolites of Phallaceae have anti-inflammatory, 
immune-enhancing, and anticancer activity, as well as α-glucosidase 
inhibitory potential (Ker et al. 2011, Chaiyama et al. 2020, Lee et al. 
2020, Jianhua et al. 2022). As far as we know, no previous research 
has investigated fly-killing activity of A. pantherina, A. virgineoides, 
C. comatus, Pycnoporus cinnabarinus (Jacq.:Fr) Karst, and Phallus 
rubicundus (Bosc) Fr.

Prior researches have indicated that D. melanogaster exposure to 
3Gy electron beam irradiation, the rare-earth element cerium (Ce) 
as well as 15 mM paraquat (Pq) could trigger the oxygenated stress, 
which particularly proves as an obvious growth inside the con-
tent of malanoldialdehyde (MDA). Furthermore, the radiation/Pq/
Ce-induced free radicals can in turn impair the antioxidant defense 
systems, bringing about a decrease in catalase (CAT) and superoxide 
dismutase (SOD) activity as well as glutathione (GSH) levels. What’s 
more, Pq-treated flies showed serious locomotor impairments, with 
84% of flies uncapable of flying (Manjula et al. 2015). There existed 
an obvious reduction in maximum lifespan, mean lifespan, and re-
productive output as doses of cerium increased (Huang et al. 2010). 
Present researches have illuminated that the metabolic signaling 

pathways is capable of mediating longevity and age (Wei et al. 2015). 
Target of rapamycin (TOR) is an essential regulator of cellular pro-
liferation and impacts the senescence, S6K is just one downstream 
TOR kinase effector (Soto-Burgos et al. 2018), the Jun kinase (JNK) 
signaling pathway indirectly expresses the cell oxygenated stress re-
action and enlarge the longevity. Hep is one sort of homolog of Jun 
kinase kinase (JNKK), and D. melanogaster having the Hep muta-
tion were exhibited to be more sensitive to the oxidized stress and 
possess the shorter longevity (Wang et al. 2003).

At present, the molecular mechanism of Amanita to kill flies is 
not sufficiently studied, and Amanita, although highly toxic, pose a 
threat to the environment and humans. It is worth exploring whether 
it is possible to find macrofungi from edible or medicinal mushrooms 
which are beneficial to humans, that have the same fly-killing activity 
as Amanita. In this study, A. pantherina, A. virgineoides, C. comatus, 
P. cinnabarinus, and P. rubicundus were selected to check for their 
toxicity against D. melanogaster. Additionally, their influences upon 
the lifespan, fecundity, the growth and development characteristics 
of offspring, peroxide content, antioxidant enzyme activity; addi-
tionally, the gene transcription relating to signaling pathways and 
lifespan of D. melanogaster were contrasted. The genetic relation-
ship between D. melanogaster and D. suzukii is close. This was 
performed in order to provide a reference for biological control of 
D. suzukii using macrofungi.

Materials and Methods

Materials
Captured in one local orchard of cherry (114°E, 31°N), adult wild-
type D. melanogaster were fostered inside typical yeast medium of 
corns and breeded inside one light hatcher at 25 °C. Early harvested 
A. pantherina, A. virgineoides, C. comatus, P. cinnabarinus, and P. 
rubicundus originated in fallen leaves on 11 July 2021 in the forests 
of Chinese Ta-pieh Mountain.

Flies Stock and Treatment
The macrofungal fruiting bodies were respectively germfree, mixed 
at a mass proportion of 1:4 with the purified water, homogenized by 
means of ultrasonic (240 W) crushing for 1 h, sealed, being bottled 
at 4℃. The therapy medium was set based upon the yeast medium 
of corns, which was regarded as the control (CK). A (C. comatus), 
B (P. rubicundus), C (P. cinnabarinus), D (A. pantherina), and E (A. 
virgineoides) were set up in 5 experiment therapy teams in all. In 
the experiments, 30% of the original mass of distilled water and 
corn flour in the foundational medium were subduced; additionally, 
the entire 2 mass was put with the identical mass of macrofungal 
homogenate. During the course of configuration, the homogenate 
was added together with yeast powder; the medium was split into 
100-ml triangular flasks and subsequently put apart. Two male and 
2 female virgin flies which were hungry in prior 8 h were inserted 
in the bottles. Eighty flies in total were chosen for every experiment 
team and were hatched at 25 °C.

Longevity Analysis
Since virgin flies were placed in therapy medium, they were termly 
surveyed and enumerated each 6 h. Behind rearing flies for 24 h with 
the macrofungal therapy medium, the subsisting flies were switched 
to the yeast medium of corns for rearing deeply. As the pupae were 
shaped, those flies were transferred again to the yeast medium of 
corn. Drosophila melanogaster possessing wings at 45° to bodies 
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were thought to pass away. Count the number of fruit fly deaths 
every 6 h until all flies die. Draw a survival curve based on the results.

Measurement of D. melanogaster Reproductive 
Capacity
The numbers of newly formed adult pupae and adult flies per bottle 
per day were recorded from the day the offspring of adult flies pre-
viously treated with the fungal compounds had pupae formed on 
the bottle wall until there were no more pupae or flies being formed. 
The quantity of flies and pupae was put down; besides, the rate of 
flies per female was figured out in light of the formulae: The rate 
of flies = number of flies/number of pupae × 100% (Kharat et al. 
2020).

Measurement of Growth and Developmental 
Characteristics of D. melanogaster Offspring
The offspring of D. melanogaster were collected at 24 h after 
fledging, and their phenotypes were observed under a microscope 
after anesthesia with ether. The number of aberrations, female and 
male flies, were recorded, and their body lengths were measured 
using an eyepiece micrometer. Two hours after awakening, the flies 
were released outdoors and those that could take off normally were 
counted as “flyable”. Finally, the sex ratio, body length, aberration 
rate, and flyability were counted.

Determination of Antioxidant Enzyme Activity and 
Peroxidation Product Content in D. melanogaster
What`s more, 100 mg of male and female flies fostered by means of 
the therapy medium lasting for 3 and 6 h were weighed. Every team of 
the flies was blended with 0.9 ml of saline solution and homogenized 
at 2,000 r/min, lasting for 10 s in 1 ice bath during an interval of 10 
s. That was redone 3 times to generate a homogenate. The activities 
of SOD, CAT, as well as the content of malondialdehyde (MDA) 
were figured out using 1 enzyme marker.

Determination of the Corresponding Quantity of 
Transcriptions in D. melanogaster
The whole mRNA originating in D. melanogaster by the Trizol 
approaches, as depicted inside the Trizol kit’s guidance (Invitrogen). 
The synthesis of cDNA was implemented in light of the guidance for 
the PrimeScriptTM RT-PCR Kit. The primer sequencing adopted for 
the sake of the quantitative dissection were compounded by Shanghai 
Meiji Biomedical Technology Co. Fluorescence real-timely quantita-
tive PCR was carried out by means of one system of QuantStudio 3 
real-timely quantitative PCR, these reagents were employed by means 
of 1 DyNAmoTM SYBRR Green qPCR kit; additionally, experiment 
operations were implemented in light of the guidance of the reagent. 
Data was gathered and managed with CFX-Manager; besides, cor-
responding expressions of internal reference and target genes were 
figured out with the Ct (2−△△Ct) approach. By means of the ribosomal 
protein (RP49) as 1 internal gene for reference, large-throughput 
fluorescent quantitative PCR was adopted with a view to deciding the 
corresponding quantities of transcriptions of lifespan-related genes, 
like hemipterus (Hep), nuclear factor erythroid-2-related factor 2 
(Nrf2), methuselah (MTH) and signaling-pathway-related genes.

Statistical Analysis
The whole manipulations in the test were redone 3 times and a 
total of 240 flies were used in each experimental group (2 couples 

per bottle). Survival curve was performed using the Kaplan-Meier 
survival plot and calculated by the log-rank test (Schissel et al. 
2021). Fecundity and offspring characteristics were tested for spe-
cific differences in more detail using ANOVA or Kruskal Wallis 
tests, depending on whether the data were normally distributed 
(Mason et al. 2018). As for the distinction between means, its 
importance was evaluated by means of one-way ANOVA, then 
post hoc Tukey’s experiment using SPSS v26, which is a software 
package (SPSS Inc., Chicago, USA). Disparate lowercase letters in-
side the identical column illustrate the least significant differences 
(LSDs) at the 5% level (P < 0.05) for treatment every time.

Results

Effects of Macrofungal-Supplemented Diets Upon 
the Longevity of D. melanogaster
Longevity assay was performed to know the influence of macrofungi 
on lifespan extension of flies. Male and female flies were reared on 
diet containing C. comatus (A), P. rubicundus (B), P. cinnabarinus 
(C), A. pantherina (D), and A. virgineoides (E). From the survival 
curve (Fig. 1), it can be seen that the control group of flies had the 
longest lifespan, and all 5 groups of flies in the diet supplemented 
with macrofungi died. The Log rank test results showed a signif-
icant difference of P < 0.0001. The maximum lifespan of female 
and male flies is the same, with groups A, B, C, D, and E having a 
maximum lifespan of 48, 60, 84, 24, and 36 h, respectively. Group 
D has the shortest lifespan and survival analysis ratios were 0.05, 
0.04, and 0.03 at 6, 12, and 18 h, respectively. The paired compar-
ative analysis results between 6 groups showed that in regard to 
female flies, P < 0.01 was observed between group A and B, P < 0.05 
was observed between groups A and E, and P < 0.001 was observed  
among other groups; In regard to male flies, P < 0.01 was 
observed between groups A and B, groups B and C, P < 0.05 was  
observed between groups A and E, and P < 0.001 was observed 
among all other groups.

The survival rate was analyzed using Kaplan-Meier, and the 
results are shown in Table 1. From Table 1, it can be seen that the 
average survival time of flies in the 5 macrofungal diet supplemented 
groups was C > B > A > E > D for both female and male flies. The 
half survival time of female flies in groups A, B, C, and E was lower 
than that of male flies. The LT25, LT50, and LT75 of female flies in 
group C were 54, 30, and 18 h, respectively, lower than those of 
male flies. It can be seen that female flies were more sensitive to the 
addition of macrofungi to their diet and have a shorter survival time 
than male flies.

Influences of Macrofungal-Supplemented Diets 
Upon the Fecundity of D. melanogaster
Reproduction assay was performed to know the influence of 
macrofungi on fertility of flies. Male and female flies were reared on 
diet containing C. comatus (A), P. rubicundus (B), P. cinnabarinus 
(C), A. pantherina (D), and A. virgineoides (E). The pupa number, 
adult fly number, and adult fly rate of parent fly decreased signifi-
cantly after receiving macrofungal-supplemented diets as compared 
with the control (Fig. 2). It can be seen from Fig. 2 that the toxic 
activity of group D was the strongest, so that the D. melanogaster 
in this group had no offspring. In contrast, D. melanogaster were 
able to produce offspring after receiving other 4 macrofungal-
supplemented diets. As compared with the control group, fecundity 
decreased significantly in group A (P < 0.05), extremely significantly 
in group E (P < 0.01), and had no significant in group B and C 
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Fig. 1. Kaplan-Meier survival curves of Drosophila melanogaster (Diptera, Drosophilidae), having received combinational macrofungal-supplemented diets. The 
flies having wings at 45° to bodies were thought to pass away. CK—the control team—obtained an ordinary diet with no macrofungal. Groups A, B, C, D, and 
E received a macrofungal-supplemented diet with Coprinus comatus (O.F.Müll.) Pers., Phallus rubicundus (Bosc) Fr., Pycnoporus cinnabarinus (Jacq.:Fr) Karst, 
Amanita pantherina (DC.:Fr) Schrmm., and Amanita virgineoides Bas, separately.

Table 1. Mean (±SD) of survival time (h), median (h), LT25 (h), LT50 (h), LT75 (h) of D. melanogaster, having received macrofungal-supplemented 
diets. Groups A, B, C, D, and E received a macrofungal-supplemented diet with C. comatus, P. rubicundus, P. cinnabarinus, A. pantherina, 
and A. virgineoides, separately

Gender Groups Survival time/h Median/h LT25/h LT50/h LT75/h

Female A 22.40 ± 1.09 24.85 30.00 ± 1.43 24.00 ± 1.36 12.00 ± 0.00
B 28.40 ± 1.35 28.67 42.00 ± 2.42 24.00 ± 2.12 18.00 ± 1.33
C 36.60 ± 1.88 35.40 54.00 ± 2.88 30.00 ± 3.29 18.00 ± 1.71
D 12.15 ± 0.61 13.09 18.00 ± 0.92 12.00 ± 0.00 6.00 ± 0.00
E 18.55 ± 1.00 22.65 24.00 ± 0.71 18.00 ± 1.05 12.00 ± 0.00

Male A 23.35 ± 1.07 26.16 30.00 ± 1.87 24.00 ± 1.27 18.00 ± 2.24
B 30.35 ± 1.38 33.23 42.00 ± 2.22 30.00 ± 2.52 18.00 ± 1.64
C 41.30 ± 1.97 42.86 60.00 ± 2.77 42.00 ± 4.67 24.00 ± 2.15
D 11.95 ± 0.64 11.88 18.00 ± 1.29 6.00 ± 0.00 6.00 ± 0.00
E 19.70 ± 0.83 23.42 24.00 ± 1.11 18.00 ± 1.04 12.00 ± 0.00

Fig. 2. The pupa number, adult fly number, and adult fly rate of D. melanogaster, having received macrofungal-supplemented diets. Fecundity was tested 
for specific differences in more detail using ANOVA or Kruskal Wallis tests, depending on whether the data were normally distributed. CK—the control 
team—obtained an ordinary diet with no macrofungal. Groups A, B, C, D, and E received a macrofungal-supplemented diet with C. comatus, P. rubicundus, P. 
cinnabarinus, A. pantherina, and A. virgineoides, separately.



5Journal of Insect Science, 2023, Vol. 23, No. 3

(P > 0.05). There was a significant difference in fecundity between 
groups E and C (P < 0.05). Group C had the least inhibition on the 
fecundity of flies, with an adult fly rate of 69.96%. The number of 
pupae was 34.67, which was 53.07% that of the control, and the 
number of adult flies was 24.33, which was 44.50% that of the 
control. In all, the toxicity to D. melanogaster fecundity was E > 
A > B > C.

Influences of Macrofungal-supplemented Diets 
Upon the Growth and Development Characteristics 
of D. melanogaster Offspring
Microscopy and behavioral assay was performed to know the in-
fluence of macrofungi on the growth and development characteris-
tics of offspring. It can be seen from Fig. 3 that, except for the most 
toxic activity of A. pantherina to D. melanogaster, which did not 
produce offspring, the other 4 kinds of macrofungi-supplemented 
diets had different effects on the growth and development char-
acteristics of offspring. When compared with the control, the sex 
ratio of group E was as high as 1.67, and all 4 groups saw no 
significant difference as compared with the control (P > 0.05). 
There was a significant difference in body length between groups 
A and B (P < 0.05). As compared with the control group, flyability 
decreased and aberration rate increased significantly in group A 
(P < 0.05), extremely significantly in group E (P < 0.01), and had 
no significant in groups B and C (P > 0.05). It is worth noting 
that the aberration rate of the offspring in group E was as high as 
50.00%, 21.19 times than that of the control. It is concluded that 
different macrofungal-supplemented diets have different toxicity 
to fly offspring.

Influences of Macrofungal-supplemented Diets 
Upon the Activity of the Antioxidant Enzymes and 
the Content of Peroxides in D. melanogaster
Antioxidant assay was performed to know the influence of macrofungi 
on the oxidative level of flies. It can be seen from Fig. 4 that the CAT 
activity of groups D and E decreased significantly compared with the 
control after receiving macrofungal-supplemented diets for 3 and 6 
h. The SOD activity in groups A, B and C significantly increased at 
3 h, while groups D and E significantly decreased. The SOD activity 
in the 5 groups decreased significantly at 6 h, and the SOD activity 
of group D was the lowest, with the value of 22.45 U/mg for female 
flies and 20.41 U/mg for male flies.

The MDA content of 5 treatment groups increased significantly 
at 6 h. The MDA content of group D increased the most at 6 h 
as compared with the values found at 3 h, with a 53.61% increase 
to 35.13 nmol/mg in female flies and an 82.00% increase to 39.73 
nmol/mg in male flies.

Influences of the Macrofungal-Supplemented Diets 
Upon the Levels of Genes Transcriptions Related to 
the Signaling Pathway in D. melanogaster
Real time PCR assay was performed to know the influence of 
macrofungi on the levels of genes transcriptions related to the 
signaling pathway of flies. It can be seen from Fig. 5 that the levels 
of signal pathway related genes S6K, TOR and Keap-1 transcripts 
in the 5 groups raised significantly at 6 h as compared with the con-
trol. The level of S6K transcripts increased most significantly at 6 
h as compared with those found at 3 h, especially the level of S6K 
transcripts of female flies in groups D and E increased 2.16 and 2.31 

Fig. 3. The sex ratio, body length, flyability, aberration rate of D. melanogaster, after receiving macrofungal-supplemented diets. Offspring characteristics were 
tested for specific differences in more detail using ANOVA or Kruskal Wallis tests, depending on whether the data were normally distributed. CK—the control 
team—obtained an ordinary diet with no macrofungal. Groups A, B, C, D, and E received a macrofungal-supplemented diet with C. comatus, P. rubicundus, P. 
cinnabarinus, A. pantherina, and A. virgineoides, separately.
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times, respectively, and that of male flies increased 2.22 and 2.44 
times respectively. The level of S6K, TOR, and Keap-1 transcripts in 
female and male flies of group D was the highest at 6 h, and male 
flies were 0.66, 0.42, and 0.33 higher than female flies, respectively. 
It can be seen that the signaling pathway genes can respond to the 
macrofungal-supplemented diets.

Influences of the Macrofungal-Supplemented 
Diets Upon These Levels of Lifespan-Related Gene 
Transcriptions in D. melanogaster
Real time PCR assay was performed to know the influence of macrofungi 
on the levels of genes transcriptions related to the lifespan of flies. It can 

be seen from Fig. 6 that the levels of the lifespan-related Hep and Nrf2 
genes transcripts decreased significantly in groups D and E at 3 and 6 
h as compared with the control. The levels of Hep and Nrf2 transcripts 
reduced at 6 h as compared with those observed at 3 h. At this time, 
the 5 groups of female flies showed significant differences, while the 
groups D and E of male flies showed no significant differences. The level 
of MTH transcripts increased at 6 h as compared with those observed 
at 3 h, and the 5 groups showed significant increase as compared with 
the control. The level of MTH transcripts in group D was the highest, 
2.62 times in female flies and 2.69 times in male flies, while that of 
group C was the lowest, 1.3 times in female flies and 1.44 times in male 
flies. It can be seen that the lifespan-related genes can respond to the 
macrofungal-supplemented diets.

Fig. 4. Mean (±SD) of the activity of catalase (CAT) and superoxide dismutase (SOD), the content of malondialdehyde (MDA) of D. melanogaster, after receiving 
macrofungal-supplemented diets for 3, 6 h. The means blessed with disparate letters are different obviously at P < 0.05 (Tukey’s trial). CK—the control 
team—obtained an ordinary diet with no macrofungal. Groups A, B, C, D, and E received a macrofungal-supplemented diet with C. comatus, P. rubicundus, P. 
cinnabarinus, A. pantherina, and A. virgineoides, separately.
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Discussion

In this study, A. pantherina and A. virgineoides, which are common 
local species, were used to configure the treatment medium and then 
fed to D. melanogaster. The toxic effect of A. pantherina was the 
most obvious. Adding Amanita species to the diet can disrupt the an-
tioxidant system, upregulate gene transcription related to signaling 
pathways, inhibit gene expression of longevity, reduce the useful 
life and fertility of D. melanogaster. The toxic peptides, amanitin, 
and phalloidins identified in a phalloides syndrome case, due to poi-
soning caused by mushrooms (Ramchiun et al. 2018), were found 
not only in A. phalloides, but in 3 other Amanita species, 8 species 
of Galerina, and 11 Lepiota (Vetter 1998). Our results are similar 
to previous studies that showed that low α-amanitin concentrations 
negatively impact larva-to-adult progression time, pre-adult via-
bility, body size of adult, along with adult longevity (Mitchell et al. 
2015). These results may be due to the fact that pantheric acids A–C 
in poisonous mushrooms promote lipid accumulation in adipocytes 
(Lee et al. 2019). It has already been supported that activation of 
TOR (Jia et al. 2004) and S6K (Min and Tatar 2006) expression 

is capable of lessening the lifespan by means of rapamycin in D. 
melanogaster, which corresponds to these consequences of the cur-
rent research. The Methuselah (MTH) gene has been thought as one 
key longevity element for long. What`s more, diverse researches have 
exhibited that overexpression of MTH gene in D. melanogaster can 
shorten lifespan (Wang et al. 2015).

It is evident that the macrofungi of the Amanita species possess 
promising applications for the development of biogenic insecticides. 
However, D. melanogaster has developed ibotenic acid (Tuno et al. 
2007) and a-amanitin resistance, which act by binding to RNA pol-
ymerase II and inhibiting RNA transcription, over a long period of 
natural evolution (Scott Chialvo and Werner 2018). These charac-
teristics are associated with cytochrome P450 activity (Stump et al. 
2011) and not with gut microbiota (Griffin and Reed 2020). It was 
considered in a former study that toxin entry blockage by means of 
the cuticle, stage I and II detoxification, sequestration inside particles 
of lipid, along with the proteolytic cleavage of α-amanitin con-
tribute, to the quantitative trait (Mitchell et al. 2014). Widerborst 
and Tequila, which were candidate genes underlying the α-amanitin 

Fig. 5. Mean (±SD) of the corresponding quantities of the transcriptions of the signaling pathway-related genes, after receiving macrofungal-supplemented 
diets for 3, 6 h. The means blessed with disparate letters are different obviously at P < 0.05 (Tukey’s trial). CK—the control team—obtained an ordinary diet with 
no macrofungal. Groups A, B, C, D, and E received a macrofungal-supplemented diet with C. comatus, P. rubicundus, P. cinnabarinus, A. pantherina, and A. 
virgineoides, separately.
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resistance phenotype, are upstream regulators of TOR, which is 
a key regulator of autophagy and Megalin-mediated endocytosis 
(Mitchell et al. 2017).

In order to find more medicinal fungal resources that can be 
used to kill flies and thus solve the problem of α-amanitin resistance 
in D. melanogaster and environmental pollution caused by fungal 
toxins, this study also used the common local treatment media of C. 
comatus, P. cinnabarinus, P. rubicundus to feed D. melanogaster. The 
results showed that they can have a toxic effect on D. melanogaster, 
reduce the activity of antioxidant enzymes, accumulate peroxide 
products, inhibit the expression of longevity genes, and reduce 
the lifespan and fecundity. Present researches claimed that lactone 
(Mizushina et al. 1999), lucidenic acid O, lectins (Pohleven et al. 
2011), fungal cyclic peptides (Wang et al. 2017), and hemolysins in 
mushroom are potential natural insecticides. Cnispin, 1 protease in-
hibitor which impedes one kind of serine protease named trypsin, is 
poisonous to D. melanogaster. Clitocine, one sort of new nucleoside 
has shown the powerful insecticidal activation against the pink boll-
worm Pectinophora gossypiella (Kubo et al. 1986). If the insecticidal 

active ingredients in macrofungi can be isolated and identified in the 
future, it will help to reveal the molecular mechanism of several key 
molecules acting synergistically to kill flies at a deeper level and pro-
vide reference for the development of fly killing pesticides.

After receiving a C. comatus-supplemented diet for 3 h, the 
SOD activity significantly increased as compared with the control, 
which may be related to the higher antioxidant enzyme activity of 
C. comatus itself, which could protect from the damage of ROS-
induced cell, lessen the peroxidation of the lipid, and make the cell 
membrane integrity stable. Similar results also were discovered in 
the P. cinnabarinus and P. rubicundus groups. It can be seen that 
consuming a small amount of these 3 mushrooms does not pose a 
threat to human health.

The resources of macrofungi in the wild are always limited, 
not only by time and place, but also wild specimens of macrofungi 
have been extensively collected, and the habitat of the species has 
been continually demolished in recent years in China (Jianguo 
and Jared 2005). Adopting in vitro cultures decreases the over-
exploitation of rare at the lowest degree, valuable, or endangered 

Fig. 6. Mean (±SD) of corresponding quantities of lifespan-related genes transcriptions, like hemipterus (Hep) of D. melanogaster, nuclear factor erythroid-2 
related factor 2 (Nrf2), methuselah (MTH), after receiving macrofungal-supplemented diets for 3, 6 h. The means blessed with disparate letters are different 
obviously at P < 0.05 (Tukey’s trial). CK—the control team—obtained an ordinary diet with no macrofungal. Groups A, B, C, D, and E received a macrofungal-
supplemented diet with C. comatus, P. rubicundus, P. cinnabarinus, A. pantherina, and A. virgineoides, separately.
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species, presenting a methodology which gives a priority to the 
sustainable safeguard and the reasoning application to biodi-
versity (Hsu et al. 2015). It is an inevitable trend to use fresh 
fruiting bodies for tissue separation and in vitro liquid culture to 
obtain mycelia for the development and utilization of environ-
ment-friendly biological insecticides, which is also worth further 
exploration.

Conclusion

In summary, the findings of this research, which examined the effects 
on D. melanogaster in diets supplemented with A. pantherina, 
A. virgineoides, C. comatus, P. cinnabarinus, and P. rubicundus, 
demonstrated that they all exerted lethal effects on D. melanogaster. 
The medicinal C. comatus, P. cinnabarinus, and P. rubicundus were 
able to significantly reduce the activity of antioxidant enzymes, ac-
cumulate peroxidation products, up-regulatd the transcription of 
genes related to signaling pathways, inhibit the expression of lon-
gevity genes, reduce the lifespan and fertility of D. melanogaster. 
These achievements provide a reference for the application of 
macrofungi for the discovery of biogenic fly-killing pesticides.
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