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Shedding light on sunscreen
biosynthesis in zebrafish
Zebrafish can synthesize a sunscreen compound called gadusol, which

was previously thought to be acquired only through the diet.
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Image Species including fish, birds and

reptiles have genes that may enable them

to produce sunscreen molecules

J
ust as many people apply sunscreen before

they go to the beach, bacteria, fungi and

algae that spend much of their time in the

sun also need to protect themselves from solar

radiation. These organisms make small molecules

that act as sunscreens by absorbing harmful

ultraviolet (UV) radiation. Small-molecule sun-

screens—which include compounds called the

mycosporine-like amino acids (MAAs) and a re-

lated compound called gadusol—are also found

in corals, marine invertebrates and fish.

Sunscreen compounds like gadusol and the

MAAs are important for the development,

lifestyle and health of marine-dwelling organisms.

For example, gadusol is found in high concen-

trations in the roes of fish, such as cod (Plack

et al., 1981), as well as in sea urchin eggs

(Chioccara et al., 1986), and it has been

suggested that gadusol helps with embryonic

development in these organisms. Sunscreen

compounds also perform an array of roles in

other organisms, including enhancing the UV-

light vision of mantis shrimp (Bok et al., 2014).

It was thought for many years that the ability

to synthesize small-molecule sunscreens was

limited to microbes, and that higher marine

organisms obtained these compounds exclu-

sively from their diet. Now, in eLife, Taifo

Mahmud and co-workers at Oregon State Uni-

versity—including Andrew Osborn, Khaled

Almabruk and Garrett Holzwarth as joint first

authors—show that zebrafish can synthesize

gadusol (Osborn et al., 2015). They also present

evidence that the pathway used by zebrafish to

make gadusol is distinct from the pathway used

by microorganisms to synthesize MAAs. More-

over, they show that the gadusol biosynthetic

genes are also found in the genomes of birds,

reptiles and other organisms.

In microorganisms that biosynthesize MAAs, the

biosynthetic pathway involves three core enzymes

and uses a compound called sedoheptulose-7-

phosphate as the starting material (Balskus and

Walsh, 2010). The first step is performed by a

dehydroquinate synthase-like enzyme. This enzyme

is a member of a family of enzymes called the sugar

phosphate cyclases, which catalyze the conversion

of sugar molecules to products that contain a

structure called a cyclohexane ring (Asamizu et al.,

2012). Dehydroquinate synthase has a central role

in the biosynthesis of aromatic amino acids, and is

found in many branches of the tree of life—such as

bacteria, archaea, fungi, plants and algae—but not

in vertebrates.

Given the lack of sugar phosphate cyclases in

vertebrates, the Oregon State team was sur-

prised to find a gene that encoded a related

enzyme in the genomes of fish, including zebra-

fish (Danio rerio), a well-known model organism.

This gene was similar to the EEVS (short for 2-epi-

5-epi-valiolone synthase) genes involved in the
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biosynthesis of bacterial natural products such as

antibiotics and fungicides (Yu et al., 2005).

The EEVS-like gene was clustered in the zebrafish

genome with a gene of unknown function named

MT-Ox (for methylation and oxidation). Surround-

ing these two genes were genes encoding several

transcription factors that regulate essential cellu-

lar processes. The similarity of the EEVS-like gene

to the genes that encode sugar phosphate

cyclases in microbes raised the possibility that

these zebrafish genes might be involved in the

synthesis of related small molecules.

To explore this further, the team first

expressed the zebrafish EEVS-like protein in

Escherichia coli and incubated it alongside

sedoheptulose-7-phosphate (the starting mate-

rial used by microorganisms to make MAAs).

The product of this reaction was 2-epi-5-epi-

valiolone, which contains a cyclohexane ring. This

confirms that the EEVS-like protein is a functional

sugar phosphate cyclase.

The MT-Ox protein was then expressed in

E. coli and incubated with its predicted cofactors

and the 2-epi-5-epi-valiolone produced by the

EEVS-like protein. This reaction produced a mol-

ecule that strongly absorbed UV light; structural

studies revealed this was the small-molecule

sunscreen gadusol. This work represents the first

discovery of a gadusol biosynthetic pathway.

Unexpectedly, the enzymes involved are distinct

from those used by microbes to produce the

closely related MAAs.

Having demonstrated that these two zebrafish

enzymes could synthesize a small-molecule sun-

screen, the Oregon State team next examined

whether gadusol is actually produced in zebra-

fish. Quantitative reverse transcription-PCR anal-

ysis and organic extraction of zebrafish embryos

showed that the gadusol biosynthetic genes are

expressed in the developing embryo and that

gadusol is indeed produced. These results clearly

indicate that the gadusol found in zebrafish does

not come from the dietary intake of this molecule.

Instead, this sunscreen is biosynthesized from the

primary metabolite sedoheptulose-7-phosphate

by the activities of the EEVS-like and MT-Ox

enzymes.

The team then used bioinformatics to examine

whether the gadusol biosynthetic gene cluster

occurs in other organisms, including algae,

invertebrates and chordates. Unexpectedly, the

gene cluster is found in many organisms that are

not known to produce gadusol, including other

fish, birds, reptiles and amphibians. However, it is

not present in mammals or in marine animals

called tunicates and lancelets. Furthermore, close

relatives of these genes are not found in the

genomes of non-vertebrate organisms, with two

exceptions: a stramenopile and a microalgae.

The EEVS-like genes from these two algal species

are more similar to those found in vertebrates

than those found in bacterial genomes. With

these data in hand, the Oregon State team

propose that the gadusol pathway identified in

higher organisms could have come from a hori-

zontal gene transfer event from an algal species

to an ancestor of animals.

Overall, this work illuminates a novel pathway

that constructs an important biological sun-

screen, but it also raises a number of questions.

How did this biosynthetic gene cluster evolve in

animals, and why was it lost in some branches of

the phylogenetic tree? Do the other animals that

harbor the gene cluster actually produce gadu-

sol, and what role does the biological sunscreen

play in those organisms? Finally, why do marine

animals that obtain MAAs from their diet also

produce gadusol de novo? These lines of inquiry

will likely reveal new roles for these intriguing

small-molecule sunscreens.
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Figure 1. Many species produce small molecules that

protect them from the sun by absorbing harmful

ultraviolet radiation. The genome of the zebrafish

(Danio rerio) contains a cluster of genes for a set of

proteins that can make the sunscreen compound

gadusol from sedoheptulose-7-phosphate. Microbes

also use this molecule to make sunscreen compounds,

but do so via a different pathway. The cluster of genes

found in zebrafish is also present in several other

vertebrates, including amphibians, reptiles and birds.
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