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Abstract: As fundamental units of structure and function in all living organisms, cells grow and proliferate through
intracellular metabolism. The metabolism is characterized by catabolism, through which cells break down complex

molecules to produce energy and reducing power, and anabolism, through which cells use energy and reducing power
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to construct complex molecules for biological functions. Due to the development of interdisciplinary research in
materials science, chemistry and biology, many new ideas and concepts inspired by biological systems have been
proposed to synthesize various inorganic nanomaterials. Some bacteria, such as magnetotactic bacteria, have evolved to
be able to synthesize inorganic nanomaterials. On the other hand, some inorganic-based skeletal structures can be
synthesized by harnessing specific biomolecules as templates and the metabolic functions of live cells, which is well
known as biomineralization. However, metabolic pathways in live cells are extremely complicated, and it is difficult to
elaborately trigger and simultaneously control the specific metabolic pathways for designed synthesis. To overcome
this challenge, the “space-time coupling” strategy for controllable synthesis of quantum dots in live cells has been
developed since 2009. By delicately coupling of intracellular selenite reduction metabolism and detoxification of heavy
metal ions, quantum dots with different components and tunable sizes can be synthesized. This review focuses on the
synthetic regulation, mechanism and biological applications of quantum dots in sifu synthesized in live cells by the
“space-time coupling” strategy. Subsequently, cell-free quasi-biological systems that are inspired by the live-cell
synthesis and constructed by mimetic intracellular biochemical reaction pathways are briefly presented. Finally,
challenges and prospects of this strategy are discussed. In the future, with more in-depth research on metabolomics, we
believe that in addition to quantum dots, various inorganic nanomaterials with hierarchical structures and multifunction
properties can be produced in live cells on purpose by elaborately coupling multiple metabolic pathways, which

provides a new insight to synthetic biology.
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Fig. 2 Principle and application of constructing biological detection probes by cell beacons”
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