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Abstract 
 
Recently it has been found that General Control Non-derepressible 2 (GCN2) can be 
activated by an array of small molecule ATP-competitive inhibitors, including clinically 
relevant compounds such as Ponatinib, and compounds specifically designed to be GCN2 
inhibitors, such as GCN2iB. Furthermore, we recently showed that GCN2 can be activated in 
cells by clinically approved small molecule RAF inhibitors. GCN2 is a drug target, specifically 
in cancers such as mesothelioma, and a better understanding of this paradoxical activation 
is required to develop drugs which truly inhibit the enzyme. Using biochemical assays and 
structural mass spectrometry, we present a model for how GCN2 is activated by these 
compounds by promoting an active conformation in the HisRS domain while competitively 
inhibiting the kinase domain. This conformation promotes activating phosphorylation of 
GCN2, potentially through phosphorylation of other activated GCN2 molecules which are not 
bound to compound. Together this model suggests that efforts to inhibit GCN2 would benefit 
from exploring allosteric routes rather than targeting the ATP-binding pocket of the kinase 
domain.  
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that these compounds are essentially catalytically inhibiting, while facilitating phosphorylation 
of GCN2.  
 
Finally, we observed that GCN2 may be capable of phosphorylating in trans – and that the 
ATP-competitive compounds can make GCN2 a better substrate for trans phosphorylation 
by presenting a pseudo-active state. However, further research will be required to determine 
whether this sequence of events is what occurs in a cellular context. It raises the possibility 
that there is the potential for a positive feedback loop occurring whereby activation of minor 
populations of GCN2 allows for a burst of activating trans phosphorylation events and the 
rapid amplification of the ISR – something which may be required if the initiating event – 
frustrated ribosomal collision1522, is a relatively low-frequency/density occurrence in the cell.   
 
The observation that a wide array of ATP-mimetic kinase inhibitors, including those that are 
clinically approved and are thought to act through alternate signalling pathways can activate 
GCN2 within a cellular context has implications for drug discovery, not least in the efforts to 
target GCN2. This is especially noteworthy in cancer cells where, in response to the 
compounds, there will be a selective pressure to alter GCN2 concentrations to facilitate cell 
growth49,50. If it is beneficial within certain pathologies to inhibit GCN2, it may be worthwhile 
employing a drug discovery programme that avoids ATP-competitive compounds and 
instead attempts to inhibit GCN2 by allosteric means, or targeted protein degradation (i.e., 
proteolysis targeting chimeras (PROTACs)).   
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