Table 2: Comparative overview of enzymatic and biocatalytic strategies for nucleotide production

	Reference
	Enzyme / System
	Substrate Source
	Production Scale
	Yield / Key Outcome
	Strategic Innovation

	This Study
	Recombinant GUK1 (E. coli)
ATP Regeneration (PK/PEP)
	Waste DNA
	Preparative
	1.416 µM (dGTP)
	Sustainable "Waste-to-Wealth" model with high specificity

	Bird et al. (2024)
	Integrated Kinase Networks
	Commercial dNMPs
	Analytical
	Systematic dNTP balance
	Regulation mechanisms of nucleotide pool homeostasis.

	Tang et al. (2023)
	Recombinant Biocatalysts
	Synthetic Precursors
	Industrial Pilot
	High Stability
	Enzyme immobilization for continuous-flow dNTP synthesis.

	Li et al. (2023)
	ATP Regeneration (PK/PEP)
	NMP/NDP mix
	Preparative
	>95% Conversion
	Cost-effective energy recycling in multi-step cascades.
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