
 

Tiny sea creature's genes shed light on
evolution of immunity
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When compatible Hydractinia symbiolongicarpus colonies recognize each other
as “self,” via Alr genes, they fuse together. Credit: Huene, A. L. et al., PNAS,
2022

How a tiny marine invertebrate distinguishes its own cells from
competitors' bears striking similarities to the human immune system,
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according to a new study led by University of Pittsburgh School of
Medicine researchers.

The findings, published now in Proceedings of the National Academy of
Sciences, suggest that the building blocks of our immune system evolved
much earlier than previously thought and could help improve
understanding of transplant rejection, one day guiding development of
new immunotherapies.

"For decades, researchers have wondered whether self-recognition in a
marine creature called Hydractinia symbiolongicarpus was akin to the
processes that control whether a piece of skin can be successfully grafted
from one person to another," said senior author Matthew Nictora, Ph.D.,
assistant professor of surgery and immunology at the Thomas E. Starzl
Transplantation Institute. "Our study shows for the first time that a
special group of proteins called the immunoglobulin superfamily—
which are important for adaptive immunity in mammals and other
vertebrates—are found in such a distantly- related animal."

Hydractinia symbiolongicarpus belongs to the same group as jellyfish,
corals and sea anemones. With tube-like bodies adorned with tentacles
for catching prey, the animals look a bit like tiny versions of wacky
inflatable tube men dancing outside of a car dealership. They grow as
colonies encrusting the shells of hermit crabs like lichen on a rock.

"As colonies grow and compete for space on crab shells, they often
bump into each other," explained Nicotra, who is also associate director
of the Center for Evolutionary Biology and Medicine in Pitt's School of
Medicine. "If two colonies recognize each other as self, they fuse
together. But if they identify each other as non-self, the colonies fight by
releasing harpoon-like structures from special cells."

Nicotra and his colleagues previously identified two genes called Alr1
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and Alr2 involved in Hydractinia's fuse-or-fight system, but they
predicted that there was more to the story.

"If you imagine that the genome of the animal is spread out in front of
us, we had a flashlight on these two little points, but we didn't know what
else was there," said Nicotra. "Now we've been able to sequence the
whole genome and illuminate the whole region around these genes. It
turns out that Alr1 and Alr2 are part of a huge family of genes."

In the new study, the researchers identified and sequenced 41 Alr genes,
which form a complex that likely controls self- versus non-self-
recognition in Hydractinia.

Next, the team wanted to see how the proteins that Alr genes encode
compared to those found in vertebrates. Until recently, it was nearly
impossible to accurately predict the 3D structure of proteins based on a
gene's sequence, but in 2021, the release of a tool called AlphaFold
changed that.
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When incompatible Hydractinia symbiolongicarpus colonies identify each other
as non-self via Alr genes, they fight. As a result, the colony on the left has started
to grow over the colony on the right. Credit: Huene, A. L. et al., PNAS, 2022

Using this tool, the researchers compared the structure of Alr proteins to
immunoglobulin superfamily (IgSF) proteins, an important group that
includes antibodies and receptors on B and T cells of the immune
system. IgSF proteins have three characteristic regions, or domains,
including the V-set domain.

"The 'V' stands for variable," said Nicotra. "When a B or T cell becomes
specialized to fight a particular pathogen, V-set domains are rearranged
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to make a variable sequence, which the immune system uses to recognize
specific pathogens or cells."

Nicotra was surprised to find that the domains in Alr proteins had 3D
structures remarkably similar to V-set domains, even though they lacked
telltale features usually found in IgSF proteins.

"Unmistakably, these are V-set domains," he explained. "They're just
very, very strange."

Until now, it was thought that V-set domains had arisen in the branch of
the animal kingdom known as Bilateria. This group originated about 540
million years ago and includes most familiar animals, including
mammals, insects, fish, mollusks and all others with right and left sides.

The finding of V-set domains in Hydractinia—which is part of a group
that appeared earlier in the evolution of animals—suggests that V-set
domains arose further back in the evolutionary tree than previously
thought.

Several Alr proteins also had signatures associated with immune
signaling in other animals, another clue that this protein complex is
involved in self-recognition.

"We know lots about the immune systems of mammals and other
vertebrates, but we've only scratched the surface of immunity in
invertebrates," said Nicotra. "We think that a better understanding of
immune signaling in organisms like Hydractinia could ultimately point to
alternative ways to manipulate those signaling pathways in patients with
transplanted organs."

Other authors who contributed to the study were Aidan L. Huene, Ph.D.,
Steven M. Sanders, Ph.D., Zhiwei Ma, B.S., Manuel H. Michaca, B.S.,
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all of Pitt; Anh-Dao Nguyen, Sergey Koren, Ph.D., Adam M. Phillippy,
Ph.D., and Andreas D. Baxevanis, Ph.D., all of the National Human
Genome Research Institute (NHGRI); James C. Mullikin, Ph.D., of the
NHGRI and the National Institutes of Health (NIH); and Christine E.
Schnitzler, Ph.D., of the University of Florida.

  More information: Aidan L. Huene et al, A family of unusual
immunoglobulin superfamily genes in an invertebrate histocompatibility
complex, Proceedings of the National Academy of Sciences (2022). DOI:
10.1073/pnas.2207374119
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