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Massive expansion and molecular diversification of lectins

in bivalve mollusks
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Bivalve mollusks are organisms that exhibit an extraordinary capacity for adaptation in coastal marine
environments, where they are subjected to numerous biotic and abiotic stress conditions. These include
exposure to a plethora of potentially pathogenic microorganisms (e.g. bacteria, viruses, protozoans) due to
their filter-feeding habits. Unlike vertebrates, these organisms lack an adaptive immune system based on
immunoglobulins and T-cell receptors and must therefore rely entirely on innate immune systems for defense
against infections. Consequently, many bivalve species demonstrate remarkable molecular diversification of
functional components involved in recognizing pathogen-associated molecular patterns (PAMPs), transducing
pro-inflammatory signals within cells, and producing immune effectors (such as antimicrobial peptides and
cytokine-like molecules) that coordinate humoral and cellular responses. Recent analysis of numerous
molecular resources generated for bivalves has revealed that many species exhibit a significant expansion of
gene families encoding proteins with pronounced carbohydrate-recognition properties, functioning in a lectin-
like fashion. Although pathogen recognition can occur at different levels, such as at the cell membrane (through
TLRs and PGRPs) or in the cytoplasm (through NLRs and RLRs), such expansions appear to mostly involve
recognition proteins secreted to the extracellular environment, and therefore components of humoral immunity.
Notable examples include Clq domain-containing proteins, C-type lectins and fibrinogen-related domain
containing proteins (FReDs), which are present in hundreds of copies in the genomes of mussels, oysters, and
clams. These extensive molecular repertoires are the result of very recent expansions, often specific to
individual species or families, facilitated by repeated duplication events and obviously selected due to the
fitness advantage they provided. This molecular complexity is further enhanced by gene presence-absence
variation (PAV), resulting in the unusual situation where different individuals of the same species possess
distinct lectin variants. Although the functional characterization of these molecules is still at its very early
stages, the results obtained so far reveal very interesting properties, providing an explanation for the
extraordinary resilience of these species to infection, and offering new perspectives for the development of
biotechnological products.
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