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Abstract

Hormonally active phytochemicals (HAPs) are signaling molecules produced by plants that alter 
hormonal signaling in animals, due to consumption or environmental exposure. To date, HAPs have 
been investigated mainly in terrestrial ecosystems. To gain a full understanding of the origin and 
evolution of plant-animal interactions, it is necessary also to study these interactions in the marine 
environment, where the major photosynthetic lineages are very distant from the terrestrial plants. 
Here we focus on chemicals from red and brown macroalgae and point out their potential role as 
modulators of the endocrine system of aquatic animals through nuclear hormone receptors. We 
show that, regarding steroids and oxylipins, there are already some candidates available for further 
functional investigations of ligand-receptor interactions. Furthermore, several carotenoids, produced 
by cyanobacteria provide candidates that could be investigated with respect to their presence in 
macroalgae. Finally, regarding halogenated compounds, it is not clear yet which molecules could 
bridge the gap to explain the transition from lipid sensing to thyroid hormone high affinity binding 
among nuclear receptors. 
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1. Introduction: what are HAPs and why do we need a systematic look at them to understand 
the endocrinology of emerging marine model organisms

Hormonally active phytochemicals (HAPs) are molecules that are endogenously synthesized by 
plants and have a modulatory effect, either positive or negative, on the endocrine physiology of 
animals (Lambert and Edwards, 2017). The best-studied examples are estrogenic compounds from 
land plants, which were first described in a pioneer study on red clover effect on fertility of ewes 
(Bennets, 1944). These compounds, mainly coumestans and flavonoids, compete with endogenous 
estrogens to bind to nuclear estrogen receptors (ERs) in vertebrates resulting in disruption of 
reproduction. This phenomenon has already been brought into an evolutionary perspective, 
stressing that flavonoids involved in root-microbe interactions were recruited for their estrogenic 
effects on vertebrates (Baker 1995; McLachan et al., 2001; Fox et al., 2004; Lambert and Edwards, 
2017), and lead to practical results in conservation biology (Tubbs et al., 2014). In parallel, marine 
chemical ecology has matured into a very ample research field, including algal-herbivore 
interactions, but with a strong focus on chemicals that either mediate repellent effects, or contribute 
to the recruitment of predators (Hay, 2009). With the exception of the  so-called « insidious » 
effects of diatom grazing on copepod reproduction in laboratory experiments (Miralto et al., 1999), 
for which the ecological relevance is still under active investigation (Paul et al., 2012, Ianora et al.,  
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6. Perspective: towards a connection between environmental cues and physiological processes 

To date, the evidence of a physiologically relevant connection between macroalgal signaling 
molecules and animal endocrine systems through nuclear receptors is not substantiated to the same 
level in the four main chemical classes of potential ligands. The connections are quite strong for 
steroids and oxylipins, providing precise candidates for follow-up investigations. Concerning 
carotenoids, molecules isolated from cyanobacteria also provide candidates to search for in 
macroalgal metabolomes. Regarding halogenated compounds, more exploratory work will be 
necessary. The tremendous chemodiversity of biological molecules makes it quasi-impossible to 
systematically test all possible ligand-receptor interactions in an unbiased way, especially when 
studying emerging model organisms. It is always necessary to find compromises between 
exploratory searches including a wide variety of compounds, and detailed physiologically 
meaningful investigations of a reduced part of the chemical space. Furthermore, we focused here on 
nuclear receptors, but exactly the same reasoning could be applied to membrane receptors, 
biosynthetic enzymes, and all kinds of proteins that undergo allosteric modulation by small 
molecules.  Regarding membrane receptors, there is already solid evidence that phytochemicals 
have strong interactions with the estrogen membrane receptor, GPER (Thomas and Dong, 2006). 
Endocrinology and natural products chemistry have diverged long time ago, but the increasing 
availability of genomic data is now changing this situation, making it possible to put metabolic 
diversity into an evolutionary context in a more and more comprehensive way (Edison et al., 2016). 
The chemical identification of new hormones is still a challenging task, requiring long-term 
collaboration between chemists and biologists, but could benefit from the technical improvements 
in the field of natural product-based drug discovery (Harvey et al., 2015). Indeed, herbal 
compounds from traditional Chinese medicine have already brought important information about 
the synergistic effects of multiple molecules (Li et al., 2015). We anticipate that functional assays 
using available molecules from other, and ecologically-relevant organisms will constitue another 
promising alternative for this research field. Our hope is that incorporation of molecules that are 
present in the food of the studied model animals in those assays will accelerate the mechanistic 
understanding of the connection between environmental cues and physiological processes. 
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