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“Cells have molecular machines that
make new proteins, help damaged ones
recover, and recycle proteins they no
longer need.”
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To work, most proteins need to fold correctly into the right shape (the native
state). But folding can go wrong and proteins can lose their shape, start sticking
together and ending up in an aggregate, a non-functional and potentially toxic
protein clump. Chaperones can help some proteins fold again and pull some
aggregates apart (protein disaggregation).
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Could you tell us about your research?

Every time you breathe, eat, smell, see, feel, think, move, grow, or heal,
proteins are at work, performing many different jobs. They are
molecules made of amino acids, small building blocks linked in chains.
Inside our cells, small factories called ribosomes make proteins. | study
how cells keep their proteins working properly and in the right amounts.
Cells do this by making new proteins, keeping them in good working
order, and breaking down those that are damaged or no longer needed.
This balance is called protein homeostasis.

Let me explain this a bit more. Most proteins need the right shape to
work, much like tiny tools. Their chains twist and fold into these shapes,
often with help from other proteins (Fig. 1). But folding can go wrong,
and proteins can also lose their shape after they have folded. They may
stop working and instead form clumps called protein aggregates, which
can harm or kill cells. Protein aggregation is linked to aging and
diseases such as Alzheimer’s and Parkinson’s, in which protein clumps

can damage nerve cells in the brain. However, just as a factory checks
the quality of its products, cells have protein quality control systems.
Helper proteins called molecular chaperones form tiny machines that
conduct these checks, helping other proteins fold correctly or regain
their working shape. Sometimes damaged or misfolded proteins
escape these systems and form aggregates. Special chaperone
machines can pull some aggregates apart, a process called protein
disaggregation, and help the released proteins regain their working
shape and function. Cells also break down proteins that are too
damaged to recover or no longer needed. Their amino acids can be
reused to make new proteins. | study how these protein quality control
machines work in different tissues, from the gut to the brain. For
example, | explore how harmful substances from gut microbes damage
proteins in cells lining the gut, how these machines support recovery
and repair, and how they fail with aging or certain diseases.

What does it actually mean for a protein to break?

When a protein “breaks,” it’s often lost the shape it needs to do its job.
Think about frying an egg. The clear, runny egg white turns white and
firm because heat makes its proteins lose their normal shape and
clump. Loss of shape can expose sticky parts normally buried inside
proteins, causing clumping or aggregation. These clumps harm cells in
many ways. Some damage a cell's membrane, the thin boundary around
it. Others trap proteins the cell needs, stopping those proteins from
working. Clumps can also disrupt systems that move molecules
between parts of a cell or between cells. If damage becomes too great,
the cell can die.

What causes proteins to “break™? Examples from everyday life: Too
much heat can damage proteins in our bodies, for example when very
hot water burns the skin. Heat is not the only cause. Certain toxic
substances, including some forms of arsenic, can interfere with protein
folding and make proteins clump. Arsenic occurs naturally in soil and
water and can be found in rice, seafood, hijiki seaweed, and some
hot-spring (onsen) waters. But finding arsenic does not mean
something is harmful. Its effects depend on its chemical form, how
much enters the body, and how long exposure lasts. Our cells’ protein
repair and recycling systems help them cope with such damage.

How do cells’ repair machines rescue clumped proteins?

One focus of my research is how chaperone machines called protein
disaggregases pull protein clumps apart. In animal cells, we discovered
a new type of disaggregase machine assembled by a chaperone named
Hsp70. This machine is made of several proteins, each with a different
job. Some recognize a protein clump and help others attach to it (Fig. 2).
Together, they form a working machine. Using energy from the cell, the
machine repeatedly grips, pulls, and releases protein chains. These
movements can loosen the clump and free trapped proteins. Other
chaperones can then help the freed proteins fold into working shapes. If
a protein cannot be repaired, the cell can break it down and recycle its
building blocks.

Why are you studying the gut?

Our gut is home to communities of microbes (Fig. 3). Many help us
digest food and stay healthy, while we provide them with food and a
place to live. This partnership is called symbiosis. To live together safely,
our gut also needs protection. Its lining is a layer of cells, called
epithelial cells, that forms a protective barrier. A coating of mucus helps
protect it and provides a home for some microbes. As microbes process
nutrients, they produce substances called metabolites. Some help us
stay healthy; others can harm the gut lining if their levels become too
high.

We study how harmful substances made by gut microbes affect
proteins in the cells lining the gut and elsewhere in the body. We want to
understand how chaperone machines, including disaggregases, help
our gut lining cells protect their proteins and recover from damage. We
are also asking whether signals from gut microbes can change how
these machines work. Understanding these processes could help
explain how we maintain a healthy partnership with our gut microbes.
These tiny protein repair machines could give us new clues to why gut
diseases develop and how the gut can heal. Protein clumps have been
found in gut tissue from some people with inflammatory bowel disease,
which causes long-lasting inflammation in the gut. | want to find out
whether problems with protein repair machines contribute to these
diseases, and whether boosting the repair activity of these machines
could help the gut recover faster.

'Organoid: a small, three-dimensional tissue model grown from cells in the
laboratory. It reproduces some features of an organ, such as the gut, rather than
being a complete organ.

What methods do you use?

To understand how the gut recovers from protein damage, we study
what happens at several levels—from individual proteins to cells and the
whole body. We use biochemistry to investigate how protein repair
machines work and how they interact with damaged or clumped
proteins. Molecular and cell biology help us follow what happens to
damaged proteins and understand how cells build and control their
repair systems. We collaborate with structural biologists to examine the
shapes of these machines and see how their protein parts fit together.
We also use machine learning and other computer-based methods (e.g.
bioinformatics) that help us find patterns in large amounts of data. For
our gut research, we use organoids—small, three-dimensional models
of gut tissue grown from cells in the lab. These reproduce some features
of the gut lining and help us study how its cells respond to damage and
activate the repair machines. Animal studies help us investigate how
these processes work in a living body. At Bio2Q, | can work closely with
scientists from different fields. We share equipment, techniques, and
ideas, and the teamwork helps us understand how these repair systems
help cells and tissues recover from damage.
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How the Protein Disaggregation Machinery Works (Schematic lllustration)
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Some gut microbes produce potentially harmful metabolites that can damage
proteins in gut epithelial cells and weaken the gut barrier—a characteristic feature
of inflammatory bowel disease (IBD) and several other intestinal disorders. We are
investigating whether enhancing protein disaggregation can help repair damaged
proteins and support recovery of the gut lining.
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"Stay curious and find mentors who
encourage you to think.”
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Do you have a message for our younger readers?

Here’s a confession: in my final years of high school, biology bored me. It
felt like memorizing facts for exams. | first tried research for a very
unscientific reason—I wanted an excuse to get out of class! My school
offered independent projects on Sri Lanka’s history and wildlife. Soon, |
was chasing questions and hoping to discover something no one had
noticed before. That curiosity opened doors for me to enter top
undergraduate and graduate programs in the US, where inspiring
professors helped me test my ideas and follow the evidence. | saw how
much we still had to discover about life—and that my own questions
could help shape what we learn next. Stay curious and find mentors who
encourage you to think. Use Al to explore, but keep thinking for yourself.
Be honest and respect others. Research takes patience and hard work.
There are no shortcuts, so bring a full tank of passion—plus a spare for
the tough days!
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Email: nadinath.nillegoda@keio.jp
Web: https://www.nillegodalab.info/

Bio2Q

Keio University Shinanomachi Campus
35 Shinanomachi, Shinjuku-ku, Tokyo
160-8582, Japan
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What is Bio2Q?

Bio2Q is a world-class research center at Keio University. It aims to use
quantum computing and Al to analyze the interaction between Human
Biology and Microbiome, revealing uncharted territories of the human

body and developing new treatments for intractable diseases.

Keio University is the first private university to be selected for the World
Premier International Research Center Initiative (WPI) program
promoted by the Ministry of Education, Culture, Sports, Science and
Technology (MEXT).
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Email: sc-wpi-staff@adst.keio.ac.jp
Web: www.bio2qg.keio.ac.jp
Tel: 03-6709-8106 (Weekdays 8:30 AM - 5:00 PM)
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