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Abstract: The rapid development of synthetic biology provides new opportunities for fluorescent bioimaging.
Fluorescence imaging plays an important role in the visualization of biomolecules inside cells. Traditional visualization
research methods have many disadvantages, such as the influence of excessive molecular weight of traditional
fluorescent protein on the research object, and the low resolution of traditional fluorescence imaging observation

system. The application of synthetic biology can develop new fluorescent nanomaterials, which have various
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advantages such as high stability, low toxicity and so on, and can be more widely used in cell internal visualization.
Based on the principles of synthetic biology, we can establish new methods of material biosynthesis, develop
fluorescent nanomaterials and probes with excellent performance, and develop new fluorescence imaging technologies.
In the field of fluorescent biological imaging, synthetic biology mainly involves the design and synthesis of fluorescent
materials, site-specific modification and labeling of biological target molecules, and controllable coupling of
fluorescent probes and other macromolecules in different spatial relations. These novel fluorescent materials and
molecular labeling techniques could be applied to molecular imaging and single particle tracking to explore
intracellular molecular dynamic mechanisms. And new fluorescent nanomaterials developed in synthetic biology also
can be used to tag different parts of viruses to trace the mechanism of their invasion so as to reveal pathogen infection
and pathogenesis. This review summarizes advances of the synthetic biotechnology and the application in fluorescent
imaging, including the synthesis of fluorescent nanomaterials and probes such as quantum dots, accurate labeling of
proteins and nucleic acids, and the application in virus fluorescence imaging and tracing. We also discuss some existing
problems and prospects in the field, such as controllable synthesis of fluorescent heterozygous biomaterials and
multiple molecular labeling in situ. Synthetic biology has great development potential in the next decade. The
multidisciplinary fusion of synthetic biology and fluorescence imaging technology will promote the development and
progress of fluorescence imaging technology and expand the research field of biosynthesis.

Yeast: CdSe QDs
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Fig.1 Controllable CdSe synthesis in yeast cells
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Fig.5 Schematic diagram for imaging polymerase activity in single cells through aptamer corn fluorophore™”

(HEK293T cells transformed with the reporter plasmid could produce yellow fluorescence by adding fluorophore DFHO,

but the fluorescence disappears after adding the RNA polymerase inhibitor actinomycin D.)
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Fig.7 Schematic diagram for imaging of the fluorescent RNA complex in HeLa cells

[76]

(A series of analogues of synthetic dye HBC combined with Pepper can emit fluorescence with different colors. HBC analogues were combined with

Pepper in HeLa cells and are compared with mock cells. Imaging observation is carried out with confocal microscope and two-photon microscope.)
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Fig. 8 Schematic diagram for HIV-1 entering cell through endocytosis

[77]

o4, Cytoplasmic transport
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Fig. 9 Real-time dynamic tracking of the influenza virus unpacking process
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[Under electron microscope, QD625 is black and round, while QD705 is triangular. vRNP is labeled with QD625 (red) and QD705 (green)
respectively, and the results showed that QD625 and QD705 are released during the hulling process, respectively. IAV-released VRNPs released from IAV
reach the nucleus through a three-stage active transport, where they undergo two diffusion modes.]
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Fig. 10 TALEs labeled with quantum dots are used for gene composition imaging
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(SV40 VLPs contain atherosclerotic targeting units, thrombin inhibitors, which can encapsulate as QD800. FH-QDS

can target atherosclerotic areas in mice.)
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