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Abstract

You have heard about the 5 senses, right? We use sight,
sound, touch, taste, and smell to understand the world. But
did you know your gut has its own sense? It doesn’t notice
light or sound, but it can pick up signals from bacteria.

We looked at one of these signals, a chemical called
flagellin. Almost all bacteria make flagellin to build their
tiny tails. Special cells in the gut can sense flagellin. When

Introduction

How does your gut talk to
your brain?

they do, they release a fast signal that uses the vagus
nerve to tell the brain, “You're full.” In our mouse studies,
animals without this sensor ate bigger meals and gained
more weight. This shows that the gut can directly sense
bacteria to control eating. We call this new pathway the
neurobiotic sense.

Scientists now know that the gut has its own
senses. It can detect nutrients and stretch
when full. There are special types of cells
in the gut called neuropod cells. They can
sense different chemicals in the gut. Then
they send that information along nerves
that control many processes in our bodies,
including digestion. They can tell us if we are
hungry or full (see Figure 1). Neuropod cells
are basically the gut’s tiny messengers.

This communication process is complex.
Neuropod cells first have to detect chemicals
from the gut. They do this using specific
receptors. Think of a lock and key. If you
have the right key you can open a door and
talk to the person inside. The message
gets passed along. Neuropod cells pass
along messages in the form of molecules
that can stimulate nerves. They are called
neuromodulators.

Figure 1: A neuropod cell sits in the gut
wall, senses a bacterial signal and sends a
fullness message up the vagus nerve to the
brain. Image adapted from Kaelberer et al,

2020, Fig. 2.



https://pubmed.ncbi.nlm.nih.gov/32101483/#&gid=article-figures&pid=figure-2-uid-1
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One thing that is really cool about our guts is that there is
a whole community of bacteria living there. They help our
guts function and it's important to keep them healthy. We
wondered if there was a way that our gut responds to signals
from bacteria in real time. Almost all microorganisms

We studied mice to find out how gut cells sense bacteria.
Mice are a good choice for research like this because their
bodies work a lot like ours. We tested different groups of
mice:

e Normal mice

e Knockout mice. These mice were missing a specific
receptor that usually helps the immune system. Neuropod
cells may also use this receptor to sense flagellin.

So what did we find?

e First, in normal mice, we discovered that
neuropod cells do carry the specific receptor
we targeted. This means they can sense
flagellin, the “universal badge” of bacteria.
We found most of these neuropod cells in the
colon, where lots of bacteria live. When we
gave normal mice a small dose of flagellin
directly into the colon, they ate less food
within 20 minutes. We also saw their vagus
nerve — the “phone line” between the gut
and the brain — fire more signals.

e Inknockout mice missing the specific receptor,
things looked very different. These mice ate
bigger meals, spent more time eating, and
gained more weight (Figure 2). When we
gave them flagellin, they did not change their
eating, and their vagus nerves stayed quiet.

Weight gain (grams)

e Even the germ-free mice ate less when we
gave them flagellin. This showed the signal
came from the flagellin and not some other
pathway related to bacteria.
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create the protein flagellin to build the tiny tails they use
to swim. So, we wanted to know if neuropod cells could
sense flagellin. We also wanted to know if flagellin could
trigger neuropod cells to send messages to the brain about
hunger and eating.

o Germ-free mice. These mice were raised without any
bacteria in their guts.

Comparing these groups let us test if neuropod cells use
a specific receptor to detect bacteria. We could also test
if the neuropod cells communicate information about the
bacteria to the brain.

We also compared how much food each group ate and how
their gut nerves responded when we gave them flagellin.

Did the mice missing the receptor

eat more than the normal mice?

e Knockout mice
o Normal mice
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Figure 2: Mice missing the receptor in their neuropod
cells (knockout mice) gained more weight than normal
mice. Image adapted from extended data Fig. 3 and

shared under CC BY-NC-ND 4.0.



https://www.nature.com/articles/s41586-025-09301-7/figures/7
https://creativecommons.org/licenses/by-nc-nd/4.0/
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What does all this mean? We have discovered a new sense
in the gut that we call the neurobiotic sense. This sense
lets your gut talk directly to your brain when it notices
flagellin from bacteria. Here's the pathway:

@You eat a big meal.
@ Bacteria increase in your gut and release flagellin.
@ Neuropod cells can sense it using a specific receptor.

The neuropod cell then releases a neuromodulator
molecule that triggers the vagus nerve to send a message.

@ The brain hears “You're full, stop eating”.

This allows your brain to respond to what's happening in
your gut in real time. Perhaps this helps the body keep

What you eat matters not only for energy, but also for
how your gut and brain work together. Eating a variety of
healthy foods helps keep your gut bacteria balanced. This
also supports better signals to your brain. Pay attention to

balance in the gut. When too many bacteria are active, the
gut signals the brain to slow down eating so microbes don't
grow out of control.

Why does this matter? Well, gut bacteria can do more than
help with digestion. They can change your appetite directly.
This may help explain why changes in gut bacteria connect
to obesity. Scientists could use this gut-brain pathway to
find new ways to treat eating problems. We studied mice,
and we tested only one kind of flagellin. In the future,
scientists could check other kinds of bacteria — and see
if the same thing happens in humans. But for now, we
know this: your gut is not just about food. It also listens to
bacteria and sends fast messages to your brain. That's the
power of the neurobiotic sense.

messages from your body about fullness — they can help
keep you healthy! Next time you feel full, remember: your
gut and its microbes may have helped send that message.

Glossary of Key Terms

Colon - the last part of the intestine, where most gut bacteria live.

Flagellin — a protein that makes the tails (flagella) that bacteria use to swim. Flagellin acts like a “universal badge” for

bacteria.

Germ-free mice — mice raised without any bacteria in their bodies.

Knockout mice — mice that scientists have changed so they are missing a specific gene or sensor.

Microorganism (microbe) - tiny living things, like bacteria, that are too small to see without a microscope.

Neuromodulator — a chemical messenger that rapidly carries signals in the body through neurons.

Neuropod cells - special cells in the gut that can send messages to the brain.

Neurobiotic sense — the newly discovered “gut sense” that lets the body detect bacteria and send messages to the

brain.

Receptor - tiny “locks” on gut cells that receive specific messages.

Vagus nerve — a major nerve that carries signals between the gut and the brain, like a phone line.



http://10.6084/m9.figshare.27606813
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Check your understanding

What is flagellin and why did we use it in our study?
What happened to mice when their neuropod cells didn't have a specific receptor?

Why do you think we tested not just normal mice, but also knockout mice (without the
receptor) and germ-free mice (without any bacteria)?

If something cut or blocked the vagus nerve, what do you predict would happen to the
fullness signal?

Why do you think the body would want to reduce eating when bacteria release more flagellin?
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