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Figure 1.  TOR pathway in yeast. Protein structures from alphafold (Jumper et al.)
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Figure 2. High throughput screen method.
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Figure 3. Large scale screen results (top) and example result from a single hit 
in each category.
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To identify potential TOR inhibitors, wildtype, tor1Δ mutant yeast, and wildtype 
yeast treated with a low concentration of rapamycin were cultured in YPD and 
pipetted into 96 well plates. The samples were subsequently treated with an FDA 
approved drug or without drug (internal control). Optical density (OD600) was 
measured at 24 hours. Drugs were then classified based on the initial screen data 
as general yeast growth inhibitors, tor1 sensitive, tor1 resistant, rapamycin 
potentiators, or rapamycin resistant. 

Figure 4. Growth of wildtype (wt) yeast, tor1 and fpr1 knockout mutants, and 
BW1444 (tor1-S1972R) in the presence or absence of indicated compounds. 
Everolimus was identified as tor1 sensitive from the initial screen, and 
Ridaforlimus as a general yeast growth inhibitor.

Rapamycin is currently being investigated for its possible lifespan and 
healthspan promoting effects. However, it carries potential adverse effects and 
the bioavailability in the body could be improved. 

During our screen, hundreds of drugs were identified as potentiating a low 
concentration of rapamycin found among the over 2,000 drugs screened.  This 
suggests that inhibiting the TOR pathway may render cells sensitive to growth 
inhibition by other drugs.  Future studies could look for synergistic interactions of 
specific drugs with rapamycin, particularly as targeting the TOR pathway is a 
therapeutic target being explored in oncology.

Supporting the methodology as an assay to identify TOR inhibitors, two 
known rapamycin analogues were identified from the library using the screening 
approach. Ridaforolimus is used in clinical development for the treatment of 
cancer. The other drug, everolimus is also a known mTOR inhibitor used for 
treatment in many late stage cancers and tumors. Validation of the assay by 
identifying known rapamycin analogs, opens the door for applying this screen 
methodology to additional molecular libraries. 

With the price and length of conducting clinical trials for new drugs, 
identifying additional FDA-approved TOR inhibitors could be beneficial. Initial hits 
from the screen will continue to be studied in more detail to identify additional 
TOR inhibitors. In conclusion, while the results are preliminary, the methodology 
appears promising as a high throughput technique to identify additional 
compounds that target the TOR pathway. 
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Toxicity is one of the significant reasons that drug development projects fail. 
Repurposing existing clinically approved drugs has the potential to circumvent 
many of the safety and regulatory challenges, time commitment, and massive cost 
of drug development. Some of the interventions found to extend the lifespan of 
mice via the National Institute of Aging Interventions Testing Program (ITP) are 
drugs that were clinically FDA approved for other uses. One of these drugs is 
rapamycin, an inhibitor of the TOR (target of rapamycin) protein kinase, an 
important conserved regulator of cell growth implicated in aging across species 
from yeast to mice. Rapamycin is now a promising drug with the potential to 
increase human healthspan and longevity. However, rapamycin has some risk of 
adverse side-effects that warrant the investigation into other possible TOR 
inhibitors.  

A screen was performed using a commercially available library of over 2000 
FDA approved drugs to identify additional potential inhibitors of TOR. Wildtype 
yeast, yeast lacking the TOR1 gene (which are sensitive to TOR inhibition), or 
wildtype treated with a low dose of rapamycin were cultured in growth media and 
treated with the FDA drug library. Optical density was measured after 24 hours to 
assess growth. Known analogs of rapamycin in the drug library were identified 
using the screen, supporting the ability of the screen to identify TOR inhibitors. 
Additional putative hits from the screen are undergoing additional analysis.
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