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All animals rely on a unique community of microbes to help digest

FoUNeREIEERS food. This is especially true for plant-eating animals, which need a

Q/:\\ ALANA complex mix of gut bacteria, also known as microbes, to digest the
@2 AGE: 12 tough plant material they eat. However, when it comes to herbivorous
animals in the sea, like some fish, we know much less about the role
IDHANT microbes play in helping to digest food. Marine algae, better known
AcE: 12 as seaweeds, are unlike land plants in many ways, so herbivorous
T fish species likely have unique ways of digesting them. Therefore, we
AGE: 12 investigated the gut microbes in several herbivorous fishes in the Red
Sea to see how they help fish digest algae. Surprisingly, we found that
LILIAN even though these fish had unique gut microbe communities, all were
AGE: 11 made up by varieties of one type of giant bacteria that appears to have
evolved to help them digest their favorite algae!
SHIRHAN
AGE: 12
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POLYSACCHARIDE

An energy source that
is made up of sugar
molecules linked
together in a chain, for
example, table sugar.
Table sugar is a
polysaccharide made
up by two single sugar
molecules—glucose
and fructose—linked
together.

ENZYME

A molecule that helps
to speed up chemical
reactions. In digestion,
enzymes are used to
break chemical bonds
between molecules to
produce smaller,
easier-to-digest
molecules, a bit

like scissors.

MICROBE

Tiny living things found
in the environment all
around us and inside
us. They include kinds
of bacteria, and related
germs. They play a key
role in helping animals
digest their food.
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THE IMPORTANCE OF SLIMY SEAWEED

What do you think about when you hear the word seaweed? Does it
sound tasty to you? While many people think of seaweed, known to
scientists as marine algae, as a slimy and smelly green mass they get
tangled in at the beach or lake, many animals actually think algae is
quite delicious! This is especially true of plant eating fishes, also called
herbivorous fishes, that are found on coral reefs, which have become
specialized in feeding on different types of algae. Algae come in many
different shapes and sizes, from algae that form short, grass-like lawns
growing on underwater rocks, to large, tough bush-like forms. Algae
form important habitats for many animals, but too much algae can Kill
or overgrow corals. This can lead to coral reefs losing the complex
structure that allows them to house thousands of species. Fish that
eat algae play an important role, by controlling the amount of algae
that grows on coral reefs. When they remove algae, they also create
new space where corals or other animals can settle down and grow.
By eating algae, they help keep coral reefs healthy and clear of most
algae, which allows corals to grow and thrive, creating more habitat
for other fish and animals to live!

There is, however, a big problem these herbivorous fishes face when
they eat algae. It is not easy to digest! Algae, like all living things, are
made up of cells, with each specialized for a certain role. The cells
of algae hold complex, large chains of sugars, called polysaccharides
(pronounced, “pol-ee-sack-ah-ride”). Different algae have their own,
unigue composition of these large sugar chains within their cells
(Figure 1). To get energy from algae, herbivorous fishes need to break
down these large chains. Inside the guts of fish are molecules known
as enzymes (think of them as molecular or chemical scissors) that can
break these sugar chains into smaller parts fish can absorb into their
bodies. There are many different types of these enzymes, functioning
like different workers on a construction team. Each enzyme has a
specific job in breaking down different parts of algae. However, not
all fish have the right kinds of enzymes to break down algae. So, how
are they able to get nutrients from algae that are hard to digest?

MICROBES HELP DIGEST FOOD

On land, we know a lot about how herbivores can digest complex
polysaccharides in plants, which are structurally similar to algae. Most
herbivores rely on tiny microbes that live inside their intestine to break
down plants. These special gut microbes have evolved the enzymes
they need to get energy from food, and herbivores, like cows, rely
on their gut microbes to break down the grass and hay they eat into
molecules they can absorb [1]. Microbes play a really important role
in allowing these animals to get energy from foods they could not
eat on their own. While we know a lot about this relationship and
how it works with land animals, how it works in sea animals is largely
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Figure 1

Examples of

different types of
marine algae, or
seaweeds, including
brown, red, and green
types. Each type of
algae has different
chains of sugars,
known as
polysaccharides, which
help make up their
cells. This means that
each fish needs special
kinds of enzymes, or
molecular scissors, to
help break each alga
(singular of algae)
down into smaller
nutrients that are easier
to digest. If they do not

have the right enzymes,

then they will not be
able to break down
their algae food.

TRANSCRIPT

Also known as
messenger RNA, itis a
copy of a piece of the
cell's DNA. Itis an
instruction for the cell
to know how to build
different types of
proteins, such

as enzymes.

EPULOPISCIUM

A large microbe (bigger
than a width of a hair
and smaller than a frog
egg) that has been
discovered to live
inside the stomachs of
certain kinds of
tropical surgeonfishes.
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unknown. It is important to learn about how marine animals, like
fish, digest their food because it allows us to better understand what
they can eat and how they share different species of algae between
themselves [2].

Therefore, the goal of this study was to take a first look into the gut
microbe community of herbivorous coral reef fish to understand how
important the gut microbes are in helping digestion, and to see if
different fish have different gut microbe communities or not.

WHAT WE DID

To understand how herbivorous fishes rely on their gut microbes to
digest algae, we collected samples from the stomachs of herbivorous
surgeonfishes, like Bluespine unicornfish and Sohal surgeonfish, in
the Red Sea. We collected fish that we knew ate different kinds of
algae to see if differences in diet would change the gut microbes of
the fish. Next, we had to see if the microbes had the right tools, or
enzymes, that were required to break down the algae that were eaten.
To do this, we looked at the transcripts, which are like building codes
that cells use to make molecules like enzymes, made by the fish's
gut microbes!

WHAT WE FOUND

First, we found that of all the microbes in the stomachs of all the
fish we sampled, there was one kind of microbe that was most
common—Epulopiscium. Epulopiscium (pronounced “E-pool-oh-
piss-ee-um”) is a giant microbe, more than 1,000 times larger than
other common gut microbes, and as large as the width of a human
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Figure 2

A diagram showing
differences in the gut
microbes between two
kinds of surgeonfishes
that eat different types
of algae. Bluespine
unicornfish eat mostly
brown algae and have
giant microbes of Type
J Epulopiscium, while
Sohal surgeonfish eat
mostly red and green
algae and have Type Al
Epulopiscium, shown in
the small graphs
showing the relative
amount of each giant
microbe type. These
giant microbes, about
the size of the width of
a human hair, are
specialized to only be
able to break down the
kinds of algae their host
fish like to eat. They do
so by breaking apart
complex chains of
sugars, called
polysaccharides, into
smaller, more digestible
pieces with enzymes
represented by the
colored scissors.
Stomach and microbe
images are from
BioRender® and fish
images are from
FishBase.

Tietbohl et al. Gut Microbes Aid Fish Digestion

Bluespine i Sohal
- unicornfish ! i surgeonfish

“& i Comple;
C: i sugafs ) /
| 80008
Complex sugars ><) i Reeddd x) \
Type J Type Al
Epulopiscium ' isci
« v puiop. | PR Epulopiscium
o OO I . o9 0@
O | -@
* e s ® ‘*. — ® 0 .
Digestible sugars i Digestible sugars
TypeJ Type A1 : Type J Type A1
Figure 2

hair! Interestingly, not only did this large microbe dominate the gut
microbe community, but different fish were found to have different
types of Epulopiscium living inside them (Figure 2)! The fish that ate
mostly brown algae had types of Epulopiscium living in their stomachs
that were not found in the other fish’'s stomachs that ate mostly red
and green algae. This showed that because these fish ate different
algae, they needed a different kind of gut microbe community to digest
their food.

Indeed, when we looked at the enzymes made by these giant
microbes, we found that they produced certain enzymes that had
the ability to break down the different components of the algae that
fish fed on. This means herbivorous fishes that eat brown algae have
stomach microbes with the enzyme machines needed to break down
brown algae. These same brown algae-eating gut microbes would
not be as successful at breaking down green or red algae. What
we discovered for the first time, is that herbivorous fishes contain
special groups of gut microbes with the enzymatic tools needed
to break down the specific types of algae they eat! This was really
amazing, especially since all this digestion seems to be led by the
giant Epulopiscium. In other animals, especially land mammals, there
is a more diverse community of gut microbes that all help break
down plant matter [3]. It turns out that tropical herbivorous fishes have
evolved a different, and perhaps unique, way of digesting the complex
algae they eat!

We even found that the amount of this giant microbe and its enzymes
changes inside the stomach of the fish throughout the day (Figure 3).
After herbivorous fishes wake up, they start their day looking for algae
to eat, and spend most of their day looking for their favorite algae
foods. During the day when they are actively eating, the giant microbe
Epulopiscium is the most active and produces a lot of enzymes to
help break down the algae. But at night when the fish is not eating
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Figure 3

A graph showing the
feeding activity of a
Sohal surgeonfish over
the course of a day. We
found that the activity
of the giant microbe
Epulopiscium closely
follows the feeding
activity of its host fish,
providing evidence that
they play an important
role in helping the fish
digest the algae it is
eating during the day.
The activity of the giant
microbe is higher than
the feeding activity
because it has to digest
the algae in the
stomach of the fish
after it eats the algae.
The microbe image is
from BioRender® and
the fish image is from
FishBase.
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and rests, Epulopiscium slows down and stops producing so many of
these enzymes since there is not any new algae in the stomach for it
to help digest. Because the activity of Epulopiscium fluctuates along
with the amount of algae the fish eats over a full day, this provides
strong evidence that these fish rely heavily on their Epulopiscium gut
microbes to help break down the algae they eat!

WHY DOES THIS MATTER?

It may seem obvious that fish gut microbe communities have adapted
themselves to the diet of the fish they live inside. However, this is
something no one has described in detail before. This discovery of
a close relationship between the Epulopiscium microbe and the host
fish diet has big implications for how we view plant-eating behavior
on coral reefs. First, these consistent differences in types of gut
microbes may provide a way for herbivorous fishes to occupy the
same reef and lower competition for limited food items. If they can
only consume and digest certain algae, then they are less likely to
eat algae that other species are specialized to digest. Second, this
means that these fish may be more limited in what they are able to
eat than previously thought. Herbivorous fishes may not be able to
get as much energy from different kinds of algae they normally do not
eat. Things like pollution or climate change can change the type of
algae species found on coral reefs and may change the herbivorous
fish community to be made up of only those that can digest the most
common algae. But we also know that gut microbe communities may
not always be stable and could change over time [4]. With changing
algae communities, herbivorous fishes might be able to change their
gut microbes for different kinds that are better at digesting algae.
However, the flexibility of gut microbe communities is something we
still know very little about in marine fish and is an important area for
future research!
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These Red Sea surgeonfish have taught us a lot about how herbivorous
fishes depend on their giant gut microbes to be able to eat algae.
However, we have only looked at a few species and there are many
different kinds of herbivorous fishes out there. The more we learn
about this unique relationship between fish and their gut microbes in
the Red Sea, the better we will be able to understand how herbivorous
fishes are able to function here, and all over the world!
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