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Introduction 
The successful development of new kinase-targeting drugs strongly depends on our 
understanding of underlying molecular and cellular mechanisms of action, i.e. preclinical target 
validation.1 A key step in this process is to obtain proof of target engagement, which correlates 
the exposure at the site of action to a pharmacological and phenotypic readout. Information 
about kinase engagement is essential for determining the dose required for full target occupancy 
without inducing undesired off-target activity.2 
 
Objectives 
The aim of this study was to develop chemical tools that report on target engagement of 
endogenously expressed protein kinases by small molecules in human cells.  
 
Methods 
We describe a chemical genetics strategy that allows the study of non-receptor tyrosine kinase 
FES, a promising therapeutic target for cancer and immune disorders. CRISPR/Cas9-mediated 
gene editing was used in combination with a rationally designed, complementary fluorescent 
probe to visualize endogenous FES activity in HL-60 cells. We replaced a single oxygen atom 
by a sulphur in a serine residue at the DFG-1 position of the ATP-binding pocket in an 
endogenously expressed kinase, thereby sensitizing the engineered protein towards covalent 
labeling and inactivation by a fluorescent probe.  
 
Results/Conclusions 
Our results reveal that FES plays a key role in the phagocytosis of bacteria by activation of 
SYK kinase, a central regulator of immune function in neutrophils. Moreover, we demonstrate 
that our chemical genetics strategy is not limited to FES and can also be applied to multiple 
other kinases. The selectivity acquired by combining gene editing and a complementary probe 
brings the advantages of acute, pharmacological inhibition without the need for extensive hit 
optimization programs to identify compounds of adequate potency and selectivity. We thus 
envision that the presented methodology could provide powerful tools to study the function of 
poorly characterized kinases and aid in their validation as therapeutic targets. 
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