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Abstract
The global shift toward clean energy and advanced manufacturing is driving an urgent need for more sustainable, selective, and cost-effective mineral processing methods. We present a biotechnology platform that harnesses peptides and proteins, to target minerals with exceptional specificity and affinity. These bioinspired molecules can selectively separate valuable metals and minerals, including precious metals and rare earth elements (REEs. By integrating these peptides into engineered, recyclable protein systems, the platform enables repeated separation cycles without loss of performance. Scalable recombinant production and reduced purification requirements enhance economic viability, while the water-based process eliminates the need for harmful solvents. This approach offers broad applicability—from primary mineral separation to urban mining applications such as recycling photovoltaic panels, magnets, and batteries—delivering significant environmental, economic, and operational benefits. This work demonstrates the transformative potential of biomolecule-based separation strategies to redefine the future of mineral processing and resource recovery.
