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Drugs or small molecules, which are capable of modulating circadian rhythms, could be useful in 

developing therapeutic approaches directed towards diverse types of human diseases associated 

with circadian dysfunctions. In this study, we carried out comprehensive global proteome, phospho 

proteome, thermal proteome and kinome profilings to decipher the molecular targets of seven 

potential circadian period modulating drugs in the human osteosarcoma (U2OS) cell line – a robust 

and well-characterized circadian model system. Luminescence rhythms of Per2-dluc cells indicated 

that Longdaysin drastically lengthened circadian period. Roscovitine, Purvalanol A, and SP600125 

also introduced increase in period length, while treatment with Chir99021, 1-Azakenpaullone, and 

Indirubin-3′ oxime resulted shorter circadian periods. Intriguingly, differential proteomics analysis 

revealed increased expressions of kinase inhibitors and reduced levels of cyclin-dependent and 

other kinases (GSK-3β, JNK and Casein kinases) after treatment with these drugs, which were 

validated further by kinase enrichment assays. An integrated phosphoproteomics analysis indicated 

altered phosphorylation levels of several proteins associated with diverse signalling pathways and 

circadian rhythmicity. Importantly, thermal proteome profiling revealed direct binding of some of 

these drugs with clock regulatory kinases and their modulators. Our findings reveal that these 

compounds modulate circadian period through inhibition of multiple kinases and phosphorylation-

dependent ubiquitination. We anticipate that this comprehensive study will contribute towards a 

better understanding of the mechanism of actions of these circadian period altering drugs. This is 

critical in clearly defining molecular targets in order to modulate daily rhythms for therapeutic 

benefits. 
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