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Abstract

[bookmark: _GoBack]The intensifying global challenge in protein supply sustainability necessitates the development of high-fidelity and nutritious alternative protein systems. This study elucidates the multi-dimensional valorization of pumpkin seed protein (PSP) as a high-performance, low-carbon bio-based material. Derived from pumpkin seeds containing approximately 45% protein, PSP remains sub-optimally utilized despite its superior solubility and gelation compared to traditional legumes. We systematically analyzed the structure-function relationships of its major globulin, cucurbitin, and employed physical induction to drive structural remodeling for advanced food manufacturing. By engineering PSP-alginate hydrogels as sustainable gelatin mimics, we successfully simulated gelatin-like rheology and texture for 3D printing. Precision tuning of formulations (2–6% PSP and 2–3% alginate) modulated matrix mechanical properties, with hardness and chewiness increasing from 0.11 N to 1.46 N and 0.02 N to 0.99 N, respectively, significantly enhancing thermal stability and printing fidelity compared to animal gelatin [1]. Beyond texturization, the inherent Arg-Gly-Asp (RGD) motifs in PSP, which serve as key tripeptide sequences for mediating cell adhesion, were confirmed via protein sequencing. This unique molecular feature positions PSP as a superior extracellular matrix for cellular agriculture. Comparative analysis across 11 plant proteins revealed that PSP-coated microbeads exhibited exceptional cytoaffinity, stimulating a 17-fold proliferation of C2C12 cells within seven days. This performance was consistently validated across 3T3-L1 adipocytes and primary porcine myoblasts, matching the efficacy of animal gelatin [2]. Ultimately, optimizing these macromolecular interactions transitions PSP from a processing byproduct into a functional cornerstone of the circular bioeconomy, providing a roadmap for building next-generation sustainable food systems.
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