
 

Study reveals how corals control their algae
population
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Nutrient-flux-based negative feedback mechanism underlying symbiont
population control. a Aposymbiotic hosts are limited by the availability of energy-
rich carbohydrates. They take up organic carbon from food and release
nitrogenous waste to the surrounding environment as they do not have excess
carbon backbones to assimilate the nitrogenous waste. b During the initial stages
of symbiosis, a few colonizing symbionts have access to all host nitrogenous
waste. This results in high nitrogen availability per symbiont that promotes
symbiont cell proliferation. However, with increasing symbiont density, the
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competition for nitrogen increases until nitrogen becomes limiting and
photosynthates are produced in excess and translocated to the host. In response,
the host experiences an increasing provision of energy-rich photosynthates from
the symbionts while symbiont proliferation slows down gradually. c In fully
symbiotic hosts, symbiont-provided glucose now provides an excess of carbon
backbones that allow the host to assimilate a substantial amount of its
nitrogenous waste. This further reduces nitrogen availability to the symbionts
and decreases symbiont proliferation rates to eventually reach a balance between
symbiont proliferation and symbiont decay. Adapted from Cui, et al. 11. Credit: 
Nature Communications (2023). DOI: 10.1038/s41467-023-42582-y

A new study, published by KAUST researchers in Nature
Communications, shows that corals, jellyfish, and other symbiotic
cnidarians control their symbiotic algae by limiting the amount of
nitrogen available for proliferation.

The findings disrupt traditional views of cooperative symbiosis in corals
and have important implications for major coral reef restoration efforts
such as the KAUST Reefscape Restoration Initiative, which covers more
than 100 hectares of the Red Sea.

By tracking nutrient exchange using carbon and nitrogen isotopes, the
study shows how three distinct cnidarian species, including corals, have
independently evolved this common mechanism for symbiosis with 
marine algae (dinoflagellates).

The researchers investigated how sea anemones, jellyfish, and corals
control their algal symbiont population by tracing carbon and nitrogen
isotopes in glucose and ammonium, respectively. The researchers found
that more ammonium promotes the algae population size because of the
greater access to nitrogen, while more glucose reduces the population
size since glucose promotes the ability of the host to assimilate more of
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its nitrogen waste.

"The hosts use the sugar provided by the symbionts through their
photosynthetic processes to assimilate their own nitrogen waste into
amino acids. This limits the amount of nitrogen available to the
symbionts. Essentially, the host gives the symbiont just enough nitrogen
to function and keep photosynthesizing, but not enough to use the sugar
they produce to proliferate," explained KAUST Prof. Manuel Aranda,
who managed the study.

The symbiosis between algae and cnidarians (including sea anemones,
jellyfish, and corals) is critical for cnidarians to thrive in the nutrient-
poor waters of the tropics. The symbiosis is so strong that the algal
symbionts live inside the hosts' cells. However, for both creatures to
grow healthily, the symbiont's population size must be strictly controlled.

Lead researcher of the study, Dr. Guoxin Cui, said, "Climate change will
significantly disrupt the carbon-nitrogen balance in cnidarian-algae
symbiosis, a disturbance that triggers symbiosis breakdown, commonly
referred to as coral bleaching, which in turn leads to the global decline of
coral reefs."

"Understanding the molecular mechanisms underlying these symbioses,
particularly the carbon-nitrogen negative feedback loop, opens new
avenues for enhancing reef restoration strategies, such as selecting
symbiotic partners that are better suited to forming colonies with greater
resilience to environmental changes."

This knowledge will likely inspire further investigations into the
regulatory mechanisms governing these relationships and inform policy-
making to develop effective restoration strategies.

"By confirming that the same mechanism operates in such distinct
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species, we demonstrated that a common mechanism allowed these
symbioses to evolve repeatedly. This is another example of how clever
and yet simple nature can be and provides us with a framework to better
understand corals and their sensitivity to climate change." said Aranda.

  More information: Guoxin Cui et al, A carbon-nitrogen negative
feedback loop underlies the repeated evolution of
cnidarian–Symbiodiniaceae symbioses, Nature Communications (2023). 
DOI: 10.1038/s41467-023-42582-y

Provided by King Abdullah University of Science and Technology

Citation: Study reveals how corals control their algae population (2023, November 13) retrieved
27 April 2024 from https://phys.org/news/2023-11-reveals-corals-algae-population.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

4/4

https://phys.org/tags/climate+change/
https://dx.doi.org/10.1038/s41467-023-42582-y
https://phys.org/news/2023-11-reveals-corals-algae-population.html
http://www.tcpdf.org

