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Characterization of de novo designed proteins: towards certified reference materials
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Engineering biology is a critical technology of global significance. Confidence in the predictability and The methodology developed at the BIPM to assign the purity of the C;(+) triskelion included the mass balance method,
reproducibility of bioengineered systems and processes requires underpinning reference materials and dNMR and amino acid analysis. The identity and structurally related impurities were determined by LC-hrMS.
methods.
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novo peptide, capable of self-assembling into artificial virus-like capsids exhibiting strong antimicrobial
activity (Fig. 1). The material could also be a candidate reference material for VLPs, such as gene-delivery
products.
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The future holds great promise for custom-engineered proteins with targeted functions. The presented results
demonstrated the possibility to value assign the mass fraction content with well-defined measurement uncertainty for a
bioengineered material capable of self-assembling into VLPs. Reference materials of this type may be employed to confirm
the purity of a commercial VLP, or virus-derived product as required by the manufacturer or a regulatory body; assist in the
guantification of the encapsulation efficacy of a designed gene-delivery system; support validation of VLP performance in
different sample matrices, in vitro, and in cell extracts and ultimately in live cells and tissues; and provide a route for
measuring the amount of a desired material in target media with well-defined uncertainty. Candidate materials for future
interlaboratory comparisons (Fig. 5) could allow National Metrology Institutes to test their measurement capabilities in this
emerging field.
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Fig. 1 The design of a virus-like particle starting from the synthesis of the
C,(+) antimicrobial peptide, three molecules of which are conjugated to a
dendrimer C;-hub to form the C,(+) triskelion peptide. The addition of the
antagonist C,(-) peptide strand results in the C; triskelion capsid subunits,
which assemble into T4 icosahedric virus-like particles.
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Fig. 5 Examples of protein topologies explored for the design of de novo virus-like particles with biological functions. Adapted from PDB entries 6SIG (left),
De Santis et al. Nat Comm, 2017 | 6HTX (middle) and from Noble et al. ACS Nano, 2024 (right).
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