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Abstract: Synthetic biology aims at designing, transforming, and even re-synthesizing living organisms with specific

functions. Nanobiotechnology is devoted to solving major biological problems through drug delivery and disease
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diagnosis and intervention by utilizing the unique physical, chemical and biological properties of substances at
micro-and nano-scales. The integration of synthetic biology and nanobiotechnology promotes the fundamental and
clinical development of biomedical science and biotechnology. Nanomaterials obtained through synthetic biology
technology could be endowed with unique structures and functions, facilitating the advances of nanobiology. The
application of nanotechnology can expand the application scenarios of synthetic biotechnology, improve the
production efficiency of target compounds, and enhance the functions of modified organisms. This review focuses on
the recent research progress in the interdisciplinary field of synthetic biology and nanobiotechnology from three
perspectives, including (1) how can nanotechnology reinforce the development of synthetic biology? (2) how can
synthetic biology extend the applications of nanotechnology? (3) how can synthetic biology and nanobiology jointly
work to bring in new techniques? Specifically, the nanocarriers can enhance the delivery efficiency of synthetic gene
circuits and genome editing agents. The ability to realize the signal transduction of nanoparticles can enable the
spatiotemporal control of gene expression via minimally invasive manipulations. The biologic nano-agents
strengthened by genetic engineering have been developed, such as the programmed cell-derived particles, including
exosomes, microvesicles, and membrane-derived particles. Under the guidance of the philosophy of synthetic
biology, modular functional nanocomponents can be formulated by self-assembly on the basis of nucleic acids,
proteins, lipids, polymers, and inorganic materials. The nanodevices and engineered biological chassis can benefit
the hybrid system through taking advantage of both sides. Furthermore, we also discuss the applications and
prospects of related technologies mentioned above in genome editing, drug delivery, diseases diagnosis, and other
biomedical fields. At the disciplinary crossroad, the integration of synthetic biology and nanobiotechnology can
drive towards modularization, standardization, bioinspiration, functional integration, and intelligentization for next-

generation biomedical breakthroughs.
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Representative examples for the integration of synthetic biology and nanobiotechnology. Nanotechnology can reinforce the development of synthetic
biology by promoting the design and delivery of gene circuits. The delivery of gene circuits can be facilitated by nanocarriers, including organic (a),
inorganic (b), and bionic (c) systems. Nanoparticles can convert optical, magnetic, and acoustic signals to thermal signals to regulate gene expression
(d). Synthetic biology can extend the applications of nanotechnology through genetically engineering biologic nano-agents. Platelets (e), exosomes
(f), microvesicles (g), and membrane-derived vesicles (h) can be programmed through synthetic biology. Synthetic biology and nanobiology can
jointly generate functional modules and hybrid systems for artificial biomimetic systems. DNA, lipids, and polymers can self-assemble into
functional modules (i), and nanoparticles can be combined with chimeric antigen receptor T-cells and bacteria respectively to form hybrid systems (j).
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Tab.1 Representative carriers used for delivering gene circuits/genome editing systems
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Tab. 2 Representative hybrid systems of engineered bacteria and nanocomponents
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