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How does the new acaricide 1-allyloxy-4-propoxybenzene work? Studies on the mode of action using proteomics and 
fluorescence microscopy
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The compound 1-allyloxy-4-propoxybenzene, coded 3c(3,6), causes paralysis and death of the mite Varroa destructor. We 
addressed the mode of action of compound 3c(3,6) by exploring the proteins the compound binds to and their location in 
the mites. The studies began with the preparation of probes that have the structure of 3c(3,6) at one end and either a bead 
for protein capture or a fluorescent dye for imaging of tissues, connected through a flexible linker. To capture proteins, 
we prepared extracts of soluble and membrane proteins, and incubated them with the beads modified with 3c(3,6). As 
negative controls we used beads modified with a structure that resembles 3c(3,6) but we knew from structure-activity 
studies not to be paralytic to the mites, as well as beads modified with the linker chain only. After washing the various 
beads, the proteins bound to them were analyzed by proteolysis, followed by liquid chromatography-mass spectrometry 
(LC-MS). Comparison of the peptides detected in the 3c(3,6) treatment vs. the negative controls enabled us to determine 
which proteins bind the active compound. To image the binding sites of 3c(3,6) in the mites and bees, we incubated 
tissues with the fluorescent probes with 3c(3,6) or the inactive structure or the linker, the latter two being the negative 
controls. Tissues were embedded, cryosectioned and imaged on a confocal microscope.

Soluble proteins we found include lipid-binding proteins and chaperones. Structural proteins include actin and its binding 
proteins. Membrane proteins found include a G-beta protein, receptor fragments and the oligomycin sensitivity conferral 
protein of the mitochondrial ATP synthase. Imaging of labeled mite sections revealed that specific neuronal fibers stain 
most densely with the treatment and not with the controls. These neuronal fibers lead to either the front legs into sensory 
hairs or to the zone behind the fourth legs, to bristles on the edge of the mite’s dorsal plate and to the air sac. Muscles 
stain lightly, perhaps due to actin binding. The mite’s digestive or reproductive systems never stain with our probes, 
indicating that the compound interacts most strongly with specific components of the central and peripheral (sensory/
motor) nervous system.
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Atrazine exposure can dysregulate the immune system and increase the susceptibility against pathogens in honeybees
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Recently, concerns regarding the impact of agrochemical pesticides on non-target organisms have increased. The 
effect of atrazine, the second-most widely used herbicide in commercial farming globally, on honeybees remains poorly 
understood. Here, we evaluated how atrazine impacts the survival of honeybees and pollen and sucrose consumption, 
investigating the morphology and mRNA expression levels of midgut tissue, along with bacterial composition (relative 
abundance) and load (absolute abundance) in the whole gut. Atrazine did not affect mortality, but high exposure (37.3 
mg/L) reduced pollen and sucrose consumption, resulting in peritrophic membrane dysplasia. Sodium channels and chitin 
synthesis were considered potential atrazine targets, with the expression of various genes related to lipid metabolism, 
detoxification, immunity, and chemosensory activity being inhibited after atrazine exposure. Importantly, 37.3 mg/L 
atrazine exposure substantially altered the composition and size of the gut microbial community, clearly reducing both 
the absolute and relative abundance of three core gram-positive taxa, Lactobacillus Firm-5, Lactobacillus Firm-4, and 
Bifidobacterium asteroides. With altered microbiome composition and a weakened immune system following atrazine 
exposure, honeybees became more susceptible to infection by the opportunistic pathogen Serratia marcescens. Thus, 
considering its scale of use, atrazine could negatively impact honeybee populations worldwide, which may adversely 
affect global food security.


