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Progress in science depends on
new techniques, new discoveries,
and new ideas, probably in that

order.
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Scientific Background to the Nobel Prize in Chemistry 2024

COMPUTATIONAL PROTEIN DESIGN AND
PROTEIN STRUCTURE PREDICTION

The Nobel Committee for Chemistry

THE ROYAL SWEDISH ACADEMY OF SCIENCES has as its aim to promote the sciences and strengthen their influence in society.

BOX 50005 (LILLA FRESCATIVAGEN 4 A), SE-104 05 STOCKHOLM, SWEDEN
TEL +46 8 673 95 00 ~ WWW.KVA.SE

https://www.nobelprize.org/prizes/chemistry/2024/press-release/

Summary and outlook

We are now at a stage where both the structural design and prediction problems are largely solved.
The implications of this are far-reaching.

The AlphaFold2 team immediately created large databases of predicted protein structures, first
for the human proteome44 and then for the majority of sequences (> 200 million) available in the
UniProt (Universal Protein Resource) database.45 This means that almost overnight, we got access
to orders of magnitude more structural information. Likewise, the protein design field has
reached a stage where some of the most exciting areas of research are biomedical applications,
such as vaccines and protein-based inhibitors,+¢ and applications in synthetic biology.4”

The progress described above would not have been possible, of course, without the efforts from
structural biologists in providing all the experimentally determined structures that have gone into
the Protein Data Bank. A number of these spectacular protein structures have also been
recognized with Nobel Prizes in Chemistry over the years. These data, resulting from decades of
research in protein structure determination, have laid the foundation for the decisive
breakthroughs in protein design and structure prediction by this year’s Laureates.

In summary, the achievements of David Baker, Demis Hassabis and John Jumper in the
fields of computational protein design and protein structure prediction are truly profound. Their
work has opened up a new era of biochemical and biological research, where we can now predict
and design protein structures in ways that had not been possible before. Hence, a long-standing
goal has finally been met, and the impact of this will have far-reaching consequences.

Johan Aqvist

Professor of Theoretical Chemistry

Member of the Royal Swedish Academy of Sciences
Member of the Nobel Committee for Chemistry
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AIDNZFIETHED(C(IREDDBHNEE Do Alfmodels produce more original

The concepts were judged by reviewers. They were not told who or what had created
them.

By Gemma Conroy

DBIBEE I\ A AL I RO v 2 v)LT—H—
DBIEIEAE (C & > TDAIFIntelligent Assistant e

A Large-Scale Human Study with 100+ NLP Researchers

Chenglei Si, Diyi \Jng, Tatsunori Hashimoto

DBiBEEMDBEE)E ? (Automated Research Workflow?)

ns can take the very
ntire research process. We address this by
n while controlling for confounders
hers and an LLM ideation agent

perimental design that eval
and performs the first head-to-head comparison between expert NLP re:
By recruiting over 100 NLP researchers to write novel ideas and blind reviews of both LLM and human ideas,
we obtain the first statistically significant conc n current LLM capabilities for rescarch ideation: we
find LLM-generated id judged as mare novel (< 0.05) than human expert ideas while being judged
slightly weaker on feasibility. Studying our agent baselines closely, we identify open problems in building and
evaluating research agents, including failures of LLM self-evaluation and their lack of diversity in generation.
Finally, we acknow that human judgemes f 1 ly can be difficult, even by experts,
an end-to-end study design which recruits researchers to execute these ideas into full proje
study whether these novelty and feasibility judgements result in meaningful differences in research outcome.

AIWNINA A AT RADIYV 2 vI)ILT—H—7

Anideas generator powered by artificial intelligen: |
ideas than did 50 scientists working independentl 1 Introduction
this month!,
The rapid improvement of LLMs, especially in capabilities like knowledge and reasoning, has enabled
many new applications in scientific tasks, such as solving challenging mathematical problems (Trinh
24), assisting scientists in writing proofs (Collins et al , retrieving related works (Ajith
4, Press et al., 2024), generating code to solve analytical or computational tasks (Huang et al.,
2024, Tian etal,, 2024), and discovering patterns in large text corpora (Lam et al., 2024, Zhong et al.,

A L |:|2|:| !
2023). While these are useful applications that can potentially increase the productivity of researchers,
it remains an open question whether LLMs can take on the more creative and challenging parts of
ALDTIDFARIEDF VAT ZRERIGE ? (=)
U HE

https://doi.org/10. 1038/d41586 024- 03070 5
https://arxiv.org/abs/2409.04109

arXiv:2409.04109v1 [cs.CL] 6 Sep
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SIGN THE GBC OPEN LETTER

Biodata resources and the critical ecosystem they form are at risk. As these data
continue to grow, we must ensure they are sustained and remain open into the future
through effective, long-term financial support.

The GBC convenes the world’s research funders to exchange knowledge and share

strategies for supporting biodata resources, and provides a discussion forum for the
managers of data resources, with the aim of developing principles and models for the
coordinated funding of global core biodata resources.
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