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New study sheds light on boric acid transport
and excretion in marine fish

December 13 2022

Boric Acid Transport and Excretion in Marine Fish

Boron, in the form of
boric acid, is a vital
element required for
animals but is toxic at
high levels found in
seawater
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We need a better
understanding of how
marine life regulates and
excretes this boric acid

Expression of the Sic4a11A gene, a
potential homolog of plant boron
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Slc4a11A activity helps transport boric
acid against the concentration gradient

The electrogenic transporter Slc4a11A contributes to the
kidney tubular secretion of boric acid in marine fish

Seawater fish use an electrogenic boric acid

transporter, Slc4a11A, for boric acid excretion by the kidney
Kato et al. (2022) | Journal of Biological Chemistry | 10.1016/).JBC.2022.102740
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Marine fishes live in highly saline environments with ionic
concentrations that are vastly different from their blood plasma.
Seawater contains a variety of toxic ion species that can build up in the
body if the fish does not excrete them.

One example of this is boric acid, which—in small amounts—is a vital
micronutrient for animals but can prove toxic in excess. Hence, marine
fish must develop physiologic means to excrete boric acid. However,
how they do this is, as yet, unknown. Now, an international team led by
researchers from Tokyo Institute of Technology (Tokyo Tech) has
unveiled and demonstrated the molecular mechanisms underlying boric
acid secretion in marine pufferfish.

Associate Professor Akira Kato of Tokyo Tech is the principal author of
the study, which was published in the Journal of Biological Chemistry.
He explains, "We compared euryhaline pufferfish (which are pufferfish
that can survive in varying levels of salinity) accustomed to saltwater,
brackish water, and freshwater. On comparing fish from these three
habitats, we found that the urine of a seawater pufferfish (Takifugu
pufferfish) contained 300 times more boric acid than pufferfish blood,
and 60 times more boric acid than seawater."

The urine of freshwater fish contained almost 1,000 times less boric acid
than that of seawater pufferfish. These findings established that
Takifugu pufferfish living in seawater excrete boric acid in their urine.
Just like in humans, the process of excretion via urine in pufferfish is
mediated by the kidneys.

How did this boric acid enter the kidney tubules, though?
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The team found that Takifugu pufferfish expressed an uncharacterized
gene, Slc4allA, in their kidney tubules. This gene encodes a protein
homologous to BOR1, which is a boric acid transporter found in plants.

"A detailed electrophysiological analysis of the pufferfish Slc4all1A
function revealed that Slc4al 1A functions as an active or electrogenic
boric acid transporter,” Dr. Kato notes.

This basically means Slc4al 1A can transport boric acid against a
concentration gradient, and its function is independent of other ions like
sodium. This is particularly important as it is the first report of active
boric acid transport mechanism in an animal species.

Mammals have the Slc4all gene as well, leading to questions about
whether they could also be able to function like this. While we know that
mammalian Slc4all does not transport boric acid, human mutations in
the Slc4all gene cause visual impairments like congenital hereditary
endothelial corneal dystrophy and Fuchs' endothelial corneal dystrophy.

Further research into the activities of Slc4all in different vertebrate
species will reveal whether mammalian Slc4all lost its boric acid
transport activity with evolution, or seawater fish Slc4al 1A acquired it
as they evolved.

In any case, this work opens new pathways towards understanding boric
acid transport in animals and unlocking the mysteries that genetics has in
store.

More information: Akira Kato et al, Seawater fish use an electrogenic
boric acid transporter, Slc4al 1A, for boric acid excretion by the kidney,
Journal of Biological Chemistry (2022). DOI: 10.1016/].1bc.2022.102740
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