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Beetles possess a set of highly modified and tanned forewing, elytron, which is lightweight yet
rigid and tough. Immediately after eclosion, the elytra are initially thin, pale and soft. However, they
rapidly expand and subsequently become hardened and often dark, resulting from both pigmentation
and sclerotization. Elytra are consisting of chitin fibers and proteins, and their mechanical properties
are highly affected by its chitinous microstructure. In this study, we analyzed changes in protein
composition during the developmental processes of the elytra in the Japanese rhinoceros beetle,
Trypoxylus dichotomus, to clarify the formation mechanisms of elytra. Scanning electron microscopic
(SEM) observation and mechanical tests revealed the feature of chitin laminar structure and
mechanical properties of matured 7. dichotomus’ elytra. Moreover, we focused on elytral maturation
process to clarify the process of structural development and sclerotization in elytra. A series of SEM
observation and computed tomography revealed the developmental process of an elytron of T
dichotomus after eclosion. A fully matured elytron has two chitinous layers, which are elytral dorsal
cuticle (EDC) and elytral ventral cuticle (EVC). However, immediately after eclosion, an elytron
appeared as a single layer and each layer had exocuticle only. According to our observation, the
elytron was expanded by extension of trabeculaec accompany with the deposition of endocuticle.
Moreover, we performed comparative proteomics for the untanned and tanned elytra of T.
dichotomus. Using mass spectrometry, a total of 414 proteins were identified from both untanned and
tanned elytra, including 31 cuticular proteins (CPs), which constitute one of the major components
of insect cuticles. Moreover, CPs containing Rebers and Riddiford motifs (CPR), the most abundant
CP family, were separated into two groups based on their expression and amino acid sequences, such
as a Gly-rich sequence region and Ala-Ala-Pro repeats. These protein groups may play crucial roles
in elytra formation at different time points, likely including self-assembly of chitin nanofibers that
control elytral macro and microstructures and dictate changes in other properties (i.e., mechanical
property). Clarification of the protein functions will enhance the understanding of elytra formation
and potentially benefit the development of lightweight materials for industrial and biomedical
applications.




