De Novo characterization of shell matrix Proteins in limpet, Nipponacmea discoveries
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The formation of CaCO₃ crystals into complex biocomposites with proteins is a key feature of mollusc shells. Although proteins typically account for less than 5% of the total shell mass, they play critical roles in determining shell microstructure. Transcriptomic and proteomic analyses have revealed a diverse array of shell matrix proteins (SMPs), which can be classified into several distinct categories: repetitive low-complexity domain-containing proteins, acidic proteins, enzymes, extracellular matrix-binding proteins, calcium-binding proteins, molecular chaperones, ion transporters, structural proteins, protease inhibitors, and orphan proteins lacking detectable functional domains. SMPs from Nipponacmea formosa were characterized by integrating proteomic analysis of shell organic extracts with transcript sequences derived from mantle tissue. Transcriptomic and proteomic datasets are highly complementary; however, transcriptomes have proven more effective than proteomes in identifying transcripts encoding intrinsically disordered domains, such as repetitive low-complexity domain (RLCD)-containing proteins. Moreover, transcriptomic analyses have also highlighted signaling molecules and, notably, transmembrane transporters. Through comparative analysis of transcriptomic and proteomic mass spectrometry data, we identified target genes encoding homologous proteins, including carbonic anhydrase and other SMPs, thereby providing new insights into SMP evolution.
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