
PLOS Biology | https://doi.org/10.1371/journal.pbio.3003072  April 2, 2025 1 / 2

 

 OPEN ACCESS

Citation: Sichert A (2025) A single enzyme 
becomes a Swiss Army knife PLoS Biol 23(4): 
e3003072. https://doi.org/10.1371/journal.
pbio.3003072

Published: April 2, 2025

Copyright: © 2025 Andreas Sichert. This is an 
open access article distributed under the terms 
of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, 
and reproduction in any medium, provided the 
original author and source are credited.

Funding: The author(s) received no specific 
funding for this work.

Competing interests: The authors have 
declared that no competing interests exist.

PRIMER

A single enzyme becomes a Swiss Army knife
Andreas Sichert *

Institute of Molecular Systems Biology, ETH Zürich, Zurich, Switzerland 

* asichert@ethz.ch

An alga that abandoned photosynthesis? A study published in PLOS 
Biology shows that from a single horizontal gene transfer event, the 
diatom Nitzschia sing1 evolved a complete enzymatic machinery to 
break down alginate from brown algae, unlocking a new ecological 
niche.

Next time you walk along the beach, chances are you will stumble over a fascinating piece of 
evolution that was recently unraveled in a study published in PLOS Biology [1]. Sometimes 
you just find bits and pieces of them washed up on the shore, but usually they are hidden from 
plain sight, growing just below the water’s surface—brown algae. And on their surfaces, you 
might be able to find the diatom Nitzschia sing1 who abandoned its original photosynthetic 
lifestyle, embarking on an evolutionary journey to thrive on algae derived sugars.

Brown algae are not only the photosynthetic cornerstone of many coastal ecosystems but 
also serve as a major food source for heterotrophic microbes. Similar to cellulose of land 
plants, alginate is one of the major structural polysaccharides in the cell walls of brown algae. 
Consequently, research efforts focus on the molecular enzymatic mechanisms that control the 
recycling of these carbon molecules in the ocean [2] and exploring their potential for convert-
ing algal biomass into valuable resources, such as biofuel [3].

To thrive as a heterotroph on algal surfaces, N. sing1 adapted to break down alginate by 
evolving the degradation pathway from a single horizontal gene transfer (HGT) event: N. sing1 
acquired an alginate lyase gene from a marine bacterium. This ancestral enzyme was likely able 
to cleave the alginate polysaccharide into smaller oligosaccharides. However, the breakdown 
process usually requires further steps, such as transporting these oligosaccharides into the cell 
and further degrading them into monosaccharides for energy metabolism, that the diatom 
needed to evolve. Once integrated into the diatom’s genome, the ancestral alginate lyase under-
went extensive duplication and diversification, giving rise to 91 enzymes grouped into three 
distinct gene families, each with specialized roles. Using a combination of biochemical assays, 
structural modeling, and genomic analyses, the team of researchers demonstrated how sequence 
diversity within these families directly underpins their unique functions for alginate degradation.

The CA family retained the ancestral role as an endolytic enzyme, cutting the alginate poly-
saccharide in the middle of the chain producing smaller oligosaccharides. Thus, CA family 
enzymes serve as the “first scissor” in alginate degradation, initiating the breakdown process 
by producing large chunks of food. Meanwhile, the AnCn family acquired an exolytic mode 
of action successively cleaving monosaccharides from the end of alginate oligosaccharides. 
Thus, the AnCn proteins serve as “knives”, slicing off edible portions of food from large chunks. 
This significant functional shift in the AnCn family enzymes was driven by a 15-base pair 
insertion, which restructured the enzymes’ catalytic pockets to favor terminal cleavage rather 
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than internal cutting. This adaptation is critical for providing the diatom with the simpler 
sugar building blocks needed for energy acquisition. In contrast, members of the An-TMD family 
lost their catalytic activity and additionally acquired a transmembrane domain. These pro-
teins appeared to be tethered to the cell surface and potentially have a functional role in the 
cellular transport of alginate-derived substrates. Thus, the An-TMD family acts as “bottle opener” 
enabling controlled nutrient transport. Together, these findings illustrate how gene duplica-
tion, followed by neofunctionalization, allowed N. sing1 to assemble a versatile toolkit capable 
of fully exploiting the energy-rich polysaccharides found in brown algal cell walls.

The massive expansion of a single enzyme family in N. sing1 echoes a pattern observed in 
other highly specialized polysaccharide degrading microorganisms. For example, bacterial 
populations degrading chitin or alginate evolve through acquiring diverse enzyme repertoires 
via HGT [4,5]. In these cases, HGT enables rapid adaptation of the enzyme repertoires to 
efficiently break down differently sized polysaccharide fragments or simply increase overall 
degradation through gene dosage. Similarly, plant pathogens such as the infamous fungi Phy-
tophthora infestans expanded their enzyme repertoires to improve host infection and resource 
acquisition [6]. However, N. sing1 takes a slightly different evolutionary route. Rather than 
relying solely on HGT, it achieves enzyme diversity within a single species through  
homologous recombination and gene duplication. This distinction highlights how different 
evolutionary strategies can converge to address similar ecological challenges, whether through 
interspecies gene sharing in bacteria or internal genomic innovation in diatoms. These 
examples emphasize the central role of enzyme expansion for adaptation towards specialized 
polysaccharide metabolism and the diverse mechanisms that underpin it.

The evolution of N. sing1’s enzymatic repertoire and its subsequent change of lifestyle 
reveal how genomic innovation can redefine ecological roles, demonstrating the incredible 
adaptability of life. By unraveling how this diatom transitioned from photosynthesis to heter-
otrophy, the present study broadens our understanding of microbial evolution and highlights 
the interplay between genetics and ecological function. As the authors note, the ability to 
connect genetic changes with metabolic adaptations provides a foundation for exploring how 
other microbes may evolve to exploit new ecological niches. The insights gained here may not 
only inspire biotechnological applications for sustainable biomass processing, such as using 
algal degradation pathways to upcycle marine waste, but also deepen our appreciation for the 
evolutionary creativity of microbes. While we wait for the biotechnological aspirations to pan 
out, we can enjoy that we’ve uncovered the peculiar and remarkable lifestyle of some of the 
smallest and most fascinating inhabitants of our coastal ecosystems.
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