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Humanity acquires knowledge of the world via percep-
tion and cognition, where natural languages (i.e., human
languages) stand as the quintessential medium for articu-
lating this world knowledge. Historically, this plethora of
world knowledge has been expressed, chronicled, and dis-
seminated through natural languages. Currently, Large Lan-
guage Models (LLMs) stand as cutting-edge tools in pro-
cessing natural language and gathering world knowledge.

Besides natural languages, to encapsulate more special-
ized science knowledge, an assortment of scientific lan-
guages has been developed. This encompasses textual ex-
pressions in the scientific research domains, mathematical
languages to define mathematical formulas, chemical lan-
guages such as SMILES that represent molecular structures,
and biological languages that describe proteins or genomes,
and detail the complex constitution of living organisms.
These scientific languages come with their distinct vocabu-
laries, where each term holds a specific meaning that can be
completely different from natural languages. Furthermore,
experts in specific domains establish grammatical rules to
organize these terms, enabling the construction of sentences
with precise semantic functions. Due to the potential seman-
tic and grammatical differences between scientific and nat-
ural languages, existing general LLMs often fail to properly
deal with scientific data like molecules and proteins.

To facilitate the understanding of scientific languages, re-
searchers have devised Scientific Large Language Models
(Sci-LLMs) for various domains. For instance, molecular
language models have been developed to represent molecule
structures as a string of atoms and chemical bonds. These
models aid in predicting molecular properties, designing
new drugs, and proposing retrosynthesis routes. Similarly,
protein language models operate based on sequences of
amino acids. They are used to forecast 3D protein structures
and functions, enhance existing proteins for improved fit-
ness, and create new proteins with specific functionalities.

In this talk, I will summarize my research on Sci-LLMs
with close reference to general LLM advancements. Given
the broad scope of scientific languages, I will focus particu-
larly on biological and chemical languages. Specifically, my
investigation will encompass the following areas:
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• Scientific Large Language Models: My research ex-
plores the development and application of Sci-LLMs for
various scientific domains, including textual, molecular,
protein, and genomic languages. These models, such as
InstructProtein (Wang et al. 2024), are designed to un-
derstand, generate, and align multiple types of scien-
tific languages, enabling more efficient protein design,
molecule generation, and functional prediction.

• Knowledge Graph Integration: A key focus of my re-
search is the integration of knowledge graphs (KGs) with
scientific LLMs. KGs offer a structured way to represent
complex relationships between entities in scientific do-
mains. In models like the KANO (Fang et al. 2023), I
demonstrated how KG-enhanced pre-trained models can
improve molecular predictions, including drug discovery
and retrosynthesis.

• Sci-LLM Evaluation: Another critical aspect of my
work involves the development of comprehensive eval-
uation frameworks for Sci-LLMs. Through benchmarks
like SciKnowEval (Feng et al. 2024), I aim to measure the
performance of LLMs across multiple scientific domains,
ensuring that models meet the accuracy, safety, and eth-
ical standards required for high-stakes applications such
as drug design and environmental sustainability.

Through this exploration, I aim to provide insights into the
intersection of LLMs with scientific languages, discussing
both current advancements and future directions, such as
safety, embodied AI, and the challenges in aligning scien-
tific knowledge across different domains.
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