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3 Questions: Using computation to study
the world's best single-celled chemists

MIT's Yunha Hwang, a new faculty member with expertise in environmental
microbiology and computer science, is exploring the biology of microbes that
thrive in extreme environments. By employing genomic language modeling, she
aims to uncover the unique biochemical processes these organisms utilize. This
innovative computational approach could lead to significant advancements in our
understanding of microbial life and its applications in various fields. Hwang's
research highlights the intersection of biology and technology in addressing

environmental challenges.

KEY FINDINGS

v Genomic language modeling can reveal
insights into microbial behavior.

v Extreme environment microbes possess
unique biochemical capabilities.

v Computational techniques enhance the
study of environmental microbiology.

v New methods for managing high-level
nuclear waste are being developed.

v Energy extraction from HLW could
improve nuclear energy's sustainability.

v Addressing decay heat is critical for safe
nuclear waste management.

IMPLICATIONS

- Improved understanding of microbial life
could lead to biotechnological
advancements.

- Insights gained may inform
environmental conservation strategies.

- Potential applications in bioengineering
and sustainable practices.

- Enhanced nuclear waste management
could boost public confidence in nuclear
energy.

- Innovative solutions may lead to
increased adoption of nuclear power.

— Potential for nuclear energy to
contribute to a low-carbon future.

Key Metrics: Number of extreme environments studied; Diversity of microbial species
analyzed; Advancements in computational modeling techniques; Amount of energy
potentially extracted from HLW; Reduction in waste management costs; Public

perception metrics regarding nuclear energy
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1. 3 Questions: Using computation to study the world's best

single-celled chemists

Category: Research
Departments: Computer Science, Biological Sciences, Earth, Environmental & Resource Sciences
Topics: Science & Research, Genomic Language Modeling, Microbial Dark Matter, Evolutionary

Relationship Analysis

Impact Score: 26.0
Rubric Scores
Research Relevance: 5 Educational Value: 4 Innovation / Novelty: 5

Practical Impact: 4 Interdisciplinary Potential: 5 Ethical / Policy Implications: 3

MIT's Yunha Hwang, a new faculty member with expertise in environmental microbiology
and computer science, is investigating the biology of microbes in extreme environments
through genomic language modeling. This approach utilizes computational techniques to
analyze the vast diversity of microbial genomes, many of which cannot be cultivated in
laboratory settings. Hwang aims to develop a system that can interpret genomic data "in
silico," facilitating the understanding of uncharacterized microbial lineages, often referred to
as "microbial dark matter." The research seeks to uncover evolutionary relationships among
these organisms by identifying patterns within their genomic sequences.

https://news.mit.edu/2025/3-questions-yunha-hwang-using-computation-study-worlds-best-single-cell

ed-chemists-1215

2. Working to eliminate barriers to adopting nuclear energy

Category: Research

Departments: Civil, Environmental & Construction Engineering, Aerospace & Mechanical Engineering,
Physics, Mathematical Sciences

Topics: Healthcare Al, High-Level Nuclear Waste Management, Radionuclide Transport
Modeling, Energy Extraction from Waste

Impact Score: 22.0

Rubric Scores

Research Relevance: 4 Educational Value: 3 Innovation / Novelty: 4
Practical Impact: 4 Interdisciplinary Potential: 5 Ethical / Policy Implications: 2

Dauren Sarsenbayev, a doctoral student at MIT, is researching innovative methods for
managing high-level nuclear waste (HLW) by addressing the decay heat released from spent
fuel. His approach aims to extract energy from HLW, thereby enhancing the utility of nuclear
power while mitigating storage challenges. Sarsenbayev's work includes modeling the
transport of radionuclides in geological repositories, contributing to a better understanding
of their long-term behavior and interactions with barrier materials. His findings suggest a
shift in perspective on nuclear waste, viewing it as a potential energy source rather than
solely a liability.

https://news.mit.edu/2025/dauren-sarsenbayev-working-to-eliminate-barriers-adopting-nuclear-ener

Page 2


https://news.mit.edu/2025/3-questions-yunha-hwang-using-computation-study-worlds-best-single-celled-chemists-1215
https://news.mit.edu/2025/3-questions-yunha-hwang-using-computation-study-worlds-best-single-celled-chemists-1215
https://news.mit.edu/2025/dauren-sarsenbayev-working-to-eliminate-barriers-adopting-nuclear-energy-1215
https://news.mit.edu/2025/dauren-sarsenbayev-working-to-eliminate-barriers-adopting-nuclear-energy-1215

