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Asaia has been described in gut, salivary glands and in reproductive organs of adult

mosquitoes in Ae. aegypti and in anophelines (Rossi et al., 2015). It has been shown
that Asaia may impede vertical transmission of Wolbachia in Anopheles mosquitoes
(Hughes et al., 2014). Wolbachia has already described as dominant bacteria in Aedes
albopictus where Asaia has been found at much lower densities.
By the mean of Real Time Quantitative PCR, we investigated the relative quantities
of the two symbionts in Ae. albopictus adult female mosquitoes of 7, 14, 21 days post

eclosion (Figure 1). Our data confirm the co-presence of Asaia and Wolbachia in our
Ae. albopictus population albeit with relative different quantities.
In the frame of the release of mosquitoes transinfected with specific strains of the

endosymbiotic bacterium Wolbachia to control arboviruses spread by Ae. albopictus,
the antagonistic interactions between Wolbachia and Asaia bacteria should be kept in
proper consideration.
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Microbiota composition can impact mosquito immunity and susceptibility to pathogen infection (Cappelli et al., 2019) as well as mosquito development

(Chouaia et al., 2012) and reproduction (Adams et al., 2021). Asaia and Wolbachia are among the most studied mosquito symbionts for Symbiotic Control
applications. However, antagonistic interactions between naturally resident Wolbachia and Asaia bacteria in mosquito vectors have been demonstrated
experimentally, potentially jeopardising some biocontrol applications. We are investigating the interactions between these bacteria within an Italian

population of Aedes albopictus and the possible involvement of Asaia in the onset of resistance to insecticides in Ae. albopictus.

Figure 1. Quantitative detection of Asaia and Wolbachia in an Italian Ae. albopictus population.
The relative amount of the bacteria is expressed as a ratio of bacterial 16S rRNA and
mosquito rps7 genes copies in a logarithmic scale. Statistically significant differences are
represented by asterisks (p<0.001) as determined by 2-way ANOVA test and Bonferroni post
hoc test.

Figure 2. Asaia isolated from Ae. albopictus adults using a selected medium and plating in

carbonate-rich medium. The pink colonies capable of dissolving carbonate in the medium and

generating dissolution haloes wereconfirmed to be Asaia by 16SrRNA gene sequencing.

We therefore have microbiologically isolated the Asaia symbiont from Ae. albopictus

(Figure 2) to proceed further with the genome sequencing to perform a
phylogenomic analysis that revealed that all but one of the Asaia strains analysed
(including that of Ae. albopictus) possess the pyrethroid hydrolase gene

(Comandatore et al., 2021). To prove the involvement of this gene in the onset of
insecticide resistance in mosquito, small pilot experiment was conducted. Culturing
Asaia cells in the presence or absence of permethrin in a suitable medium capable of

stimulating the uptake of the carbon source necessary for cellular metabolism by the
degradation of permethrin, we aimed to see possible differences in the Asaia cells
capable of processing permethrin compared with those likely unable to do it. Thus,

we compared Asaia cultures from Ae. albopictus versus Asaia cultures from An.
darlingi (the only one that miss the PH gene) and we got substantially different
results: while Asaia cells from Ae. albopictus grown in the presence of permethrin

were stimulated to activate the PH to process the insecticides, those from An.
darlingi are not able to process permethrin, thus is present in the cell culture of Asaia
isolated from Ae. albopictus and is almost absent in the cell culture of Asaia isolated
from An. darlingi (Figure 3). The PH enzymatic activity of Asaia from Ae. albopictus is
detected both inside the cells and outside in the culture medium in accordance with

parallel bioinformatic analysis (homology modelling followed by molecular
docking with permethrin) that predicted the possibility of our protein to be an
exoenzyme. The enzymatic activity of PH in the cell culture of Asaia isolated from

Ae. albopictus has been further validated by the fact that, in the presence of a specific
pyrethroid hydrolase inhibitor, the activity of the enzyme decreases dramatically
(Figure 3). In general, these results agree with our previous evidence on the

presence of the pyrethroid hydrolase gene in all strains of Asaia isolated from
mosquitoes except one, the one isolated from An. darlingi (Comandatore et al., 2021),
corroborating the hypothesis that Asaia may have a role in the development of

insecticide resistance caused by the action of PH enzyme.

Figure 3. Enzymatic activity of Asaia pyrethroid hydrolase (PH). The hydrolytic activity of PH on acetate substrate was evaluated in terms of absorbance (405 nm) vs time (sec). A: PH activity of Asaia from Ae.
albopictus and An. darlingi stimulated or not with permethrin (P) in cellular lysate; B: PH activity of Asaia from Ae. albopictus and An. darlingi stimulated or not with permethrin in supernatant; C: PH activity of Asaia
from Ae. albopictus and An. darlingi treated or not with serine protease inhibitor phenylmethylsulfonyl fluoride (PMSF) in cellular lysate; D: PH activity of Asaia from Ae. albopictus and An. darlingi stimulated or not
with permethrin and treated or not with PMSF in supernatant.
Blue: blank (PBS); Red: Asaia PH from Ae. albopictus; Pink: Asaia PH from Ae. albopictus with permethrin; Dark green: Asaia PH from An. darlingi; Green: Asaia PH from An. darlingi with permethrin; Yellow: Asaia PH
from Ae. albopictus with PMSF; Violet: Asaia PH from An. darlingi with PMSF; Brown: Asaia PH from Ae. albopictus with permethrin and PMSF; Fuchsia: Asaia PH from An. darlingi with permethrin and PMSF.
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