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blood. Its development seeks to lessen reliance on donor supplies, alleviate shortages, and reduce transfusion-related
risks. In recent years, advances in synthetic biology have driven notable progress in both the functional reconstruction
and the system-level integration of the principal components of artificial blood—red blood cells, platelets, and plasma.
Taking a synthetic-biology perspective, this review summarizes construction strategies and recent advances in these
aspects. For artificial red blood cells, three complementary strategies have be proven to be highly effective: the rational
optimization of hemoglobin structure, the reconstruction of heme-biosynthetic pathways to balance cofactor supply with
globin expression, and biomimetic membrane encapsulation. Together, these strategies enhance oxygen-delivery
efficiency and improve in vivo stability. In the platelet module, stem-cell programming and gene programming have
markedly increased production efficiency, offering a path toward more controllable and scalable sources that are
independent of donor availability. For artificial plasma, optimizing the expression of core functional proteins and
designing multifunctional fusion proteins provide new possibilities for maintaining circulating volume and supporting
immune function. The review also discusses key challenges that currently limit the translation. Present research remains
largely focused on single functional modules, and substantial bottlenecks persist in biocompatibility, long-term stability,
large-scale manufacturing, and the establishment of robust quality-standard systems. Addressing these gaps require
standardized evaluation criteria spanning safety, potency, and stability, alongside reproducible processes suitable for
clinical-grade production. In the future, the field can leverage modular design principles in combination with artificial-
intelligence assistance to integrate red-cell, platelet, and plasma functions into coherent, programmable architectures.
Such integrative strategies are expected to accelerate the pathway from laboratory concepts to clinical applications and
to support the development of safer and more effective next-generation blood substitutes. By integrating synthetic-
biology toolkits with rigorous quality control and scalable production, artificial blood research is poised for clinical
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translation. This progress promises practical solutions for oxygen transport, volume maintenance, and immune support

in settings with limited blood supplies or high transfusion risks.

Keywords: artificial blood; synthetic biology; artificial red blood cells; artificial platelets; plasma substitutes
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Table 1  Clinical progress of artificial blood products"***
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B The screening strategy for mutagenesis of rHb 3
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