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Abstract: In a traditional epi-illumination fluorescence microscope, the detection path is coaxial with the illumination
path, which induces the non-focal plane fluorescence and deteriorates the imaging quality. Light sheet fluorescence
microscopy (LSFM), differing from the traditional fluorescence microscopes, adopts an orthogonal configuration of
detection and illumination paths. A thin sheet is formed from the excitation beam, which only excites a single layer
of the sample. This methodology prevents the excited fluorescence from the non-focal plane during imaging.
Besides, the utilization of the laminar illumination light can significantly reduce the exposure time of the
fluorescence imaging. As a result, the effects of photobleaching and phototoxicity are decreased. In this review, we
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first introduce the basic light path structure compositions of a LSFM system as well as the optimization and

innovation based on these structures. Next, we discuss enormous processing methods developed for samples both

in vitro and in vivo. Benefiting from all these innovations, LSFM outstands in performing the 3D imaging of the

fluorescence-labeled biological samples and can function steadily for a long recording time. Finally, we propose

potential researching directions in the future, and discuss the technical limitations of current LSFM. This review

aims to provide researchers in the relevant scientific research fields with a comprehensive understanding and

inspiring reference of LSFM techniques.

Keywords: light sheet fluorescence microscopy; sectioning ability; optical structures; sample processing
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Fig. 8 Tissue transparency. (a) Cleared mouse brain“”; Human brain coronal hemisphere before (b) and after (c) SHIELD processing
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Fig. 9 Observation on the development of zebrafish*’. (a) Schematic of the mounting in 1.5% agarose; (b) Schematic of the multilayer
mounting in 0.1% agarose in coated FEP tubes; (c) Developing zebrafish embryo
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Review of the development of light sheet
fluorescence microscopy

Zhang Zijianl’z, Xu Xin"?, Wang ]ixiangl’z, Ye Hongz, Zhang Xin% Shi Guohua®

light-sheet microscopy prototype

Overview: Light sheet fluorescence microscopy (LSFM), as a type of fluorescence microscope, can image fluorescence-
labelled specific ribosomes, proteins, and cells, and observe their positions and functions in biological tissues. Different
from traditional fluorescence microscopes, LSFM’s detection path and illumination path are arranged at orthogonal
orientation. The excitation beam is a thin sheet, only a slice region of the sample is illuminated, thus reducing the
fluorescence generation in the non-focal plane. Besides only a single plane is illuminated by the laser at a time, which
significantly reduces the exposure time of the fluorescent molecules, thereby minimizing the effects of photobleaching
and phototoxicity. Due to these properties, LSFM can perform 3D imaging of fluorescence-labeled biological samples for
a long recording time. Nowadays, it has been widely used in many biological fields such as neuroscience, developmental
biology, and histopathology.

In the first part, the LSFM with classical optical path configurations, such as SPIM, OCPI, and DSLM are described
from the perspective of optical path construction. The work made by researchers to promote the resolution and imaging
throughput based on those work are introduced. These methods include changing the beam structure, shortening the
optical path distance, and increasing the imaging speed, many of which are still beneficial to us today. In the second part,
fluorescent dyes and immuno-fluorescence staining techniques for biological samples used in LSFM are described,
including tissue transparency and sample fixing of living animals. These sample processing methods have greatly
promoted the development of fluorescence microscopes, and representative studies are listed.

Finally, the review summarizes both the advantages and disadvantages of LSFM as well as the potential development
direction and limitations. The orthogonal optical path configuration limits the lateral size of the sample, and the imaging
performance is poor for the opaque or high-scattering samples. LSFM has higher requirements for both the size and
transparency of the sample. It is considered that the breakthrough of the LSFM in future breakthroughs mainly lies in
two aspects: improving the imaging parameters and adapting to more biological applications. It should be done from a
biological point of view, in conjunction with other technologies, to advance the development of LSFM. Finally, this
review is expected to provide researchers with a more systematic knowledge of light-sheet fluorescence microscopy and
some useful references.
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