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Background

Al-driven therapeutic design is rapidly transforming chemistry and biochemistry, with major successes in
protein folding, antibody and de novo molecule design, antibiotic discovery and drug repurposing. These
advances have been powered by curated repositories containing protein structures, genetic variants,
small molecules and other data sets, which have enabled deep learning models to accelerate scientific
discovery. Yet despite these achievements, much of the most valuable knowledge in chemistry, biology
and medicine remains untapped in traditional Al systems.

The Big Idea

Unlock the vast body of biomedical knowledge trapped in natural-language text and use Al to make it
actionable for drug discovery.

Why does this matter? Critical safety, stability, pharmacodynamics and developability data often remain
buried in publications, patents and reports, beyond the reach of data sets used by current Al models. As a
result, outputs can be unsafe or misleading.

What will you do? We will harness large language models (LLMs) and agentic Al to extract and structure
this knowledge, drastically improving access to pharmacological data on small molecules and proteins.
With Penn’s unparalleled access to scientific literature, our models can answer complex queries and
outperform much larger Al systems.

How will you do it? Our approach combines large-scale natural language processing with domain-specific
modeling to capture overlooked safety and functional insights. We are already demonstrating the ability to
answer small molecule queries at high accuracy. Ultimately, we will develop Al that scientists and
pharmaceutical companies can query directly, bringing precision, trust and speed to therapeutic
discovery.

Impact

This approach has the potential to redefine how scientists interact with vast bodies of biomedical
knowledge. Researchers could construct queries in natural language, specifying desired properties of a
molecule, and receive answers grounded in comprehensive data across the literature on compounds,
proteins and clinical trials. With Penn’s leadership in areas such as mRNA therapeutics and CAR T
therapy, these tools can accelerate the translation of cutting-edge discoveries into treatments. Beyond
academia, the technology offers strong commercialization pathways, empowering pharmaceutical
companies to make better-informed decisions and reduce costly failures in drug development. By
embedding scientific rigor directly into Al, Penn can establish itself at the forefront of safe and efficient
therapeutic innovation.

Learn More


https://jacobrgardner.github.io/
https://www.cis.upenn.edu/~myatskar/
https://www.cis.upenn.edu/~zives/
https://www.biociphers.org/
https://www.biociphers.org/
https://delafuentelab.seas.upenn.edu/
https://www.zahrtgroup.org/
https://arxiv.org/pdf/2508.10899

