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Abstract: With the advantages of high resolution, high sensitivity, high molecule specificity and non-invasive,
fluorescence microscopy can characterize the morphological and molecular functional information of samples at
the micron or even nanometer scale, making it an important tool for life science research. As microbiology
research continues to advance, fluorescence microscopy is expected to provide dynamic and 3D observation of
microscopic biological structures and molecular events. This paper systematically reviews the research progress
of fast 3D fluorescence microscopy in recent years, including the main technical means, improvement strategies
and representative research results of point-scan imaging, wide-field imaging, and projection tomography to
improve the imaging speed, expand the imaging dimension and enhance the imaging quality. In the end, we look
forward to the future challenges and prospects of fast 3D fluorescence microscopic imaging techonology.
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Fig.1 Schematic diagram of the point-scanning system and its typical application results. (a) Structural diagram of confocal laser scanning microscope;

(b) Multicolor confocal images and 3D reconstruction of brain tissue section™; (c) Single-photon and two-photon volumetric imaging of brain

neurons, and imaging depths with different illumination strategies™™”
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Fig.2 Realization of fast scanning technology and its typical application. (a) Multifocal scanning device; (b) Spinning disk multifocal scanning;

(c) Fast scanning technique for real-time observation of 3D movement of the Golgi apparatus®"; (d) Time delayed multifocal scanning; (e) Axial
scanning with tunable lens; (f) 3D functional imaging of mouse neurons through a tunable lens®?, 180 umx 180 umx 165 pm, temporal resolution:

0.25 s; (g) 3D imaging result of a zebrafish embryo through multifocal structured illumination microscope. Red box indicates a dividing cell™!
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Fig.3 Structure of light-sheet microscope and typical volumetric imaging result. (a) Structure of traditional light-sheet microscope; (b) Volumetric

imaging result of zebrafish heart*”), including 2D image sequence (left) and 3D reconstruction (right), scale bar: 50 um; (c) Time-lapse images of a

zebrafish heart!"
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Fig.4 Structure of light-field microscope and typical volumetric imaging result. (a) Structure of traditional light-field microscope; (b) Typical

reconstruction results at different depths of the worm brain'™), scale bar: 50 um; (c) Blood flow imaging at 200 Hz volumetric imaging rate!®”,

200 um>200 pmx200 um
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Fig.5 Structure of 3D-SIM and typical imaging result of super resolution technology. (a) Representative system structure; (b) Comparison of imaging

results of fluorescent microspheres with conventional microscope (left) and 3D-SIM (right)""®); (¢) Dynamic 3D super resolution imaging results of

transferrin clusters’®”, scale bar: 50 nm; (d) Imaging results of rat hippocampal neuron

(811 including widefield imaging (left), classical super

resolution optical fluctuation reconstruction (middle), and super resolution optical fluctuation reconstruction using Fourier interpolation (right)
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Fig.6 OPT system and typical 3D reconstruction results. (a) Traditional

OPT system structure; (b) Fluorescent 3D reconstruction results of
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Fig.7 Reconstruction results under limited angles or sparse sampling.
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projection data(left) and reconstruction results of 2-stage deep

learning network using 9 projection datal'*!
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