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Insecticides are essential for protecting 
crops against pests and ensuring bountiful 
harvests, yet they also pose significant 
environmental hazards. Insecticides kill 
insects, but the vast majority of insects are 
not pests and killing them can be 
detrimental to local ecosystems. In an 
ideal world, insecticides would only kill 
pest species while leaving beneficial 
insects unharmed. A team at the University 
of Sydney, led by Prof. Joel Mackay, Prof. 
Ron Hill and Dr Emily Remnant, is working 
on developing a pesticide that will be lethal 
to one of the the world’s most significant 
agricultural pests – the Varroa mite – but 
will be safe for other insect species 
including honey bees.

How insecticides work
Most insecticides enter an insect’s system 
either by being ingested, by being absorbed 
via their respiratory system or by soaking in 
through their hard external cuticle. Once 
inside, the insecticide molecule binds to a 
‘target’. The ‘target’ is a protein that plays a 
role in one of the insect’s vital systems. An 
insecticide causes this target to 
malfunction and that vital system to fail, 
killing the insect. The insecticide will be 
deadly to any insect that carries the target 
protein. Most insecticides are neurotoxic, 
meaning that they target proteins in the 
central and peripheral nervous systems of 
the insect, causing paralysis and death.

There are two major drawbacks with these 
kinds of insecticides. Firstly, as many 
insects have similar target proteins in their 
nervous systems, insecticides can kill a 
large range of insect species, including 
beneficial ones - they are ‘broad-
spectrum’. Secondly, target proteins can 
change due to genetic mutations. Once 
this occurs, the insect will become 
resistant and the insecticide will no longer 
be effective. Insecticides can be rendered 
completely useless within a couple of 
years of being released to the market, so 
researchers are constantly looking for new, 
effective insecticides.

Designing selective 
insecticides
Designing insecticides that can kill one 
group of insects but not others is a 
relatively new area of research. The key is 
to find a target protein that is subtly 
different between species, so that the 
insecticide will be able to act on the pest 
species, but will not harm other insects 
exposed to it in the process. One of our 
most important beneficial insects is the 
honey bee, which is increasingly under 
threat due to the impact of the parasitic 
mite Varroa destructor and other in-hive 
pests such as the small hive beetle. Broad 
spectrum pesticides used in agriculture 
also contribute to declines in pollinator 
health.

Protecting pollinators
Honey bees are extremely important – 70% 
of food crops are reliant on them for 
pollination. This is what makes Varroa such 
an extreme threat: by killing honey bees, 
the mite also threatens over 35 other 
horticultural and agricultural industries 
that are reliant on pollination. As Varroa is 
now established and beginning to spread in 
Australia, a rapid, effective means of 
controlling the mite that will not harm 
honey bees is essential.
Varroa has developed resistance to all 
currently known synthetic miticides. 
Additionally, as Varroa lives inside honey 
bee hives, it is essential that any chemical 
used to control them will be safe for the 
bees.  
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Progress to date
Identifying a target
The research team at the University of 
Sydney has identified a highly promising 
target protein: the ecdysone receptor. 
Ecdysone is a hormone produced by 
insects and arachnids that influences 
moulting – the process by which an insect 
or mite moves from one developmental 
phase to the next. An insecticide that 
mimics ecdysone can bind to ecdysone 
receptors, leading to lethal, premature 
moulting.

Ecdysone only occurs in insects, arachnids 
and other arthropods, so an insecticide 
targeting the ecdysone receptors will be 
safe for other animals. Additionally, 
ecdysone receptors differ between 
species, allowing for the development of an 
insecticide that selectively kills Varroa, but 
is safe for bees and other insects.

Synthesis of target proteins
Insecticide research relies on having large 
amounts of the target protein to allow for 
trials and testing of chemicals. The 
research team has developed a method for 
synthesizing the target proteins using 
genetically reprogrammed bacteria, which 
is much faster and cheaper than extracting 
it from an insect (or mite) source. This is a 
major breakthrough as it will facilitate 
large-scale screening of potential 
insecticides. The team is currently 
confirming that the bacterially produced 
protein is structurally and functionally 
indistinguishable from the version 
produced in insect cells; results to date 
look promising.

Screening for potential insecticides
The team is currently working to determine 
differences in the three-dimensional 
shapes of the Varroa and honey bee 
ecdysone  receptor proteins, to find 
molecules that can exploit those 
differences. They are also working on the 
small hive beetle receptor as another key 
pest of hives.

Recently, the team tested a library of over 
four thousand molecules to find those that 
bind to the Varroa mite ecdysone receptor. 
The team found numerous candidate 
molecules and verified the receptor 
binding properties of these ‘hits’. With this 
exciting data in hand, the next stage will be 
to:

- Modify the structures of the selected 
molecules to further enhance their 
affinity for the ecdysone receptor 
protein in Varroa

- Minimise the affinity of these molecules 
for the bee receptor.

These vital steps take the team closer to 
producing a molecule that could be 
commercially developed as a new 
insecticide. Pr
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Next steps

These results are exciting and allow for promising new avenues of research. Over the next 
year, the team aims to:

• Further validate the results of their chemical library screen

• Determine a full atomic-resolution, three-dimensional structure of the bee and varroa 
ecdysone receptor. This will allow the team to refine the chemicals so that it is deadly to 
varroa, but safe for bees.

• Test candidate hit molecules on honey bees, Varroa mites and small hive beetles in the 
lab

• Broaden the scope of the work:

– Explore different receptor targets such as juvenile hormone receptor, which is also 
involved in moulting, so also fatal if inhibited. Similarly to ecdysone, the juvenile 
hormone receptor varies in shape between species and is an excellent candidate for 
an insecticide target. Combining or rotating insecticides that target different receptors 
will also slow the inevitable development of resistance.

– Recruit an organic chemist with bioinformatics expertise to design and synthesize the 
hundreds of variant molecules. A variety of molecules are needed to optimise more 
potent and selective candidates for an insecticide, which can be taken to the 
agricultural industry for collaborative development into a commercial product.

– Consider other pests of relevance to other areas of agriculture, including the fall 
armyworm, red spider mite and cotton bollworm, and advance research on the cattle 
tick, beyond the the current Horticulture Innovation project
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