Table S2. Comprehensive comparison of SA-PNP-NPs with other typical self-assembled systems
	Systems

Differences
	SA-PNP-NPs
	Synthetic polymer self-assembled systems
	Liposome self-assembled systems
	Peptide-based self-assembled systems
	Metal-organic frameworks (MOFs)
	Nucleic acid self-assembled systems

	Core building blocks
	Natural complex systems: plant polysaccharides, proteins, polyphenols, etc., with diverse structures and chemical heterogeneity.
	Engineered homopolymers/block copolymers: e.g., PLA, PEG, PLGA, with definite, uniform and precisely designable structures.
	Well-defined amphiphilic molecules: phospholipids (natural/synthetic) with standard hydrophilic heads and hydrophobic tails.

	Short peptides with precise sequences: encoded by specific amino acid sequences, with highly predictable structures.
	Inorganic-organic hybrid modules: metal ions/clusters (nodes) and rigid organic ligands (linkers), with definite and designable structures.

	Informational biomacromolecules: single strands/fragments of DNA or RNA, with precise sequences, following the principle of complementary base pairing.

	Dominant driving forces and characteristics
	Synergistic network of multiple weak interactions: dynamic coordination of hydrophobic interactions, hydrogen bonds, π-π stacking, etc., with environmental responsiveness and diverse assembly pathways.
	Relatively single combination of driving forces: mainly dependent on the hydrophobic-hydrophilic balance between blocks, electrostatic interactions, etc., with definite thermodynamic driving forces and controllable pathways.
	Classical hydrophobic association: the hydrophobic effect of phospholipid tails drives the formation of bilamellar/multilamellar membranes, with a single and stable intrinsic driving force.
	Conformation-directed precise assembly: the formation of β-sheets or α-helices dominated by hydrogen bonds serves as the prerequisite and core driving force, with strong conformation and sequence dependence.
	Dominated by strong coordination bonds, combined with π-π stacking, van der Waals forces, etc. The driving forces are strong and directionally definite, forming highly ordered and stable crystal structures.
	Highly specific complementary base pairing (A-T/U, G-C) with highly predictable and programmable driving forces, enabling precise self-assembly from one-dimensional sequences to complex two/three-dimensional structures.

	Structural characteristics
	Multicomponent hybrid core-shell or network structures: often heterogeneous in structure and diverse in morphology (spherical, fibrous, etc.), with active ingredients integrable into the structure in situ.
	Well-defined phase-separated structures: e.g., micelles (distinct core-shell), vesicles, etc., with morphology and size precisely tunable via molecular weight and block ratio.
	Standard biomimetic membrane structures: forming bilamellar/multilamellar vesicles with an aqueous inner phase, featuring high structural uniformity and regularity.
	Highly ordered nanostructures: capable of forming fibers, tubes, ribbons, etc., with structures precisely determined by peptide sequences and high atomic-level orderliness.

	Highly ordered periodic crystalline porous materials with ultrahigh specific surface area, and highly tunable pore size and shape, featuring relatively rigid structures.
	Programmable nanostructures (e.g., tetrahedrons, cubes, tubes, sheets, etc.), with size and shape precisely controlled by sequence design, and structures combining precision with certain dynamics (e.g., strand displacement reaction).

	Preparation strategies
	Guiding nature: inducing the intrinsic assembly potential of natural components via mild physical or biomimetic chemical methods with minimal intervention.
	Engineering fabrication: constructing target structures from purified monomers or polymers relying on standardized processes such as solvent exchange, dialysis, emulsification.
	Biomimetic reconstruction: reconstituting phospholipid molecules into standard membrane structures using methods such as thin-film hydration and extrusion, with a controllable process.
	Biomimicry: triggering the spontaneous folding and assembly of preset sequences under specific pH, ionic strength and other conditions, with high biomimetic properties.
	Crystal engineering: usually requiring solvothermal/hydrothermal methods, diffusion methods, etc., for crystal growth and deposition under specific temperature and pressure, with high process control requirements.
	Molecular programming: triggering the spontaneous folding and hybridization of preset sequences according to the rules of base pairing via thermal cycling processes such as denaturation-annealing to form target structures.

	Core advantages
	1. Excellent biocompatibility and safety.
2. Intrinsic biological activity 
3. Good biodegradability and environmental friendliness.
4. Multifunctional integration.
5. Widely available and renewable raw materials.
	1. High structural and performance programmability.
2. Excellent batch-to-batch consistency and reproducibility.
3. Precisely tunable mechanical properties and degradation rate.
4. Suitable for large-scale industrial production.
	1. Excellent biomembrane affinity and cellular uptake efficiency.
2. Capable of encapsulating both hydrophilic and hydrophobic molecules simultaneously.
3. Facile surface functional modification.
4. In-depth research with numerous clinical translation examples.
	1. Atomic-level structural precision and designability.
2. Excellent biological activity and smart responsiveness.
3. Outstanding biocompatibility and low immunogenicity.
4. Great potential in cutting-edge fields such as molecular diagnosis and tissue engineering.
	1. Extremely high porosity and loading capacity.
2. Highly designable structure, pore size and functional groups.
3. Excellent physicochemical properties for catalysis, sensing, gas adsorption, etc.
4. Some MOFs exhibit stimulus responsiveness.
	1. Atomic-level structural precision and programmability.
2. Excellent biological recognition ability.
3. Capable of designing dynamic and intelligent nanomachines or logic gates.
4. Good biocompatibility.

	Main limitations and challenges
	1. Large batch-to-batch differences.
2. Limited precision in structural regulation and complex formation mechanisms.
3. Possible insufficient long-term physical stability.
4. Challenges in separation, purification and standardized production.
5. Difficulty in precise elucidation of structure-activity relationships.
	1. Potential biocompatibility issues.
2. Lack of intrinsic biological activity, requiring additional introduction of functional groups.
3. Possible involvement of toxic solvent residues.
	1. Relatively poor physical and chemical stability.
2. Sometimes low encapsulation efficiency, especially for hydrophilic drugs.
3. Challenges in large-scale production and sterilization processes.
4. High cost of raw materials.
	1. High production cost.
2. Difficulty in large-scale production and purification.
3. Possible limited stability in complex physiological environments.
4. High threshold for designing peptide sequences with complex functions.
	1. Insufficient chemical stability in many physiological environments.
2. Poor biodegradability and potential metal ion toxicity.
3. Difficulty in large-scale green synthesis and forming processing.
4. High cost.
	1. Extremely high production cost.
2. Prone to rapid degradation by nucleases in organisms.
3. Extremely challenging large-scale production and purification.
4. Relatively limited mechanical strength and stability.

	Dominant application fields
	Green and multifunctional in vivo applications: functional foods/health products, natural-source cosmetics, oral/transdermal drug delivery
	High drug loading and controlled delivery: intravenous anticancer nanomedicines, long-acting sustained-release injections, implants
	Biomembrane-affinity delivery: injectable anticancer drugs, vaccine adjuvants, mRNA vaccines, topical transdermal preparations
	Cutting-edge applications with high biological activity: tissue engineering scaffolds, antibacterial materials, targeted tumor diagnosis and therapy, molecular detection probes
	Applications leveraging high porosity and tunable chemistry: gas storage/separation, catalysis, sensing, pollutant adsorption, high-loading delivery
	Applications for programmed recognition and dynamic response: smart drug delivery, biosensing, molecular computing, gene regulation



