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OVERVIEW 
 

Synergists are non-toxic compounds that enhance the efficacy of insecticides. They inhibit enzyme system(s) of insects 
that metabolise or sequester insecticide molecules; as a result, insect sensitivity increases with the possibility to 
overcome or delay metabolic resistance conferred by increased levels of detoxifying enzymes. 
 

Piperonyl butoxide (PBO) is a well-known synergist capable of interacting with phase 1 metabolic enzymes, esterases 
and P450s. A structure activity relationship (SAR) was conducted with around 30 PBO analogues against FE4 and 
CYP6CY3 from resistant Myzus persicae, to identify key chemical moieties responsible for interactions against these 
enzymes, and synthesise new potent inhibitors. 
 

Similar studies have been performed with Bemisia tabaci and can be applied to any pest insect where the enzymes 
responsible for resistance have been identified. 

Piperonyl butoxide (PBO) 

Analogue 16-55 Analogue 1-164 

Enzyme inhibition studies, together with in silico modelling, identified the key regions of the synergists which were optimised to confer greater inhibition. 

ESTERASES 
 

Resistant-associated FE4 esterase was purified from 
aphids supplied by Università Cattolica del Sacro 

Cuore, Department of Sustainable Crop production 
(Piacenza, Italy). 

P450S 
 

The recombinant P450 CYP6CY3 was provided  
by the Biological Chemistry and Crop Protection 

Department, Rothamsted Research 
(Harpenden, UK). 

A bi-variate plot shows that novel synergists 
synthesised as a result (blue) were predominantly 
more effective inhibitors. 
 

Suggestions of effective novel analogue structures were made and, together with constraints of synthetic pathways and commercial possibilities, novel analogues 
were synthesised. Upon receipt of the novel analogues, the programme of inhibition studies was repeated, thus creating a true iterative process. 

Analogue 16-46 

In silico model of PBO docked with 
FE4. Hydrogen bonds (dotted 
yellow lines) between PBO (green) 
and Arg-412 (red). PBO is placed 
just within the gorge of FE4, as was 
found previously with E4 (Philippou 
et al. 2011). 

In silico model of PBO docked 
with CYP6CY3. Hydrogen bonds 
(dotted yellow lines) between 
PBO (green) and Gln-84 (orange), 
Lys-406 (yellow).  
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On the basis of the observed results against 
esterase activity, putative novel analogue 
structures were then proposed starting 
from analogue 16-55.  

On the basis of the observed results against 
oxidase activity, putative novel analogue 
structures were then proposed starting 
from analogue 1-164.  


