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Advances in multi-dimensional single molecule imaging

LI Meng-fan, CHEN Jian-wei, SHI Wei, FU Shuang, LI Yun-ze,
LUO Ting-dan, CHEN Jun-fan, LI Yi-ming®
(Department of Biomedical Engineering, Southern University of Science
and Technology, Shenzhen 518055, China)
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Abstract: Single-molecule imaging is widely used for the reconstruction of three-dimensional subcellular
structures. The point spread function is an important window to analyze the information of a single molecule.
Besides 3D coordinates, it also contains abundant additional information. In this paper, we reviewed the re-
cent progress of multi-dimensional single-molecule imaging, including spatial location, fluorescence
wavelength, dipole orientation, interference phase, etc. We also briefly introduced the latest methods for mo-

lecule localization and proposed the further directions for its research.
Key words: super-resolution; single molecule localization microscopy; multi-dimensional imaging; point
spread function
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Fig. 1 Two-dimensional localization of a single molecule . (a) In the acquisition step, sparsely distributed single molecule

images are recorded; (b) in the analysis step, the two-dimensional coordinates of the single molecules are precisely loc-

alized in each frame and then accumulated to reconstruct the super-resolution image
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al path layout for SLM modulation
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Fig.3 Tetrapod PSF optimized at different depths of field®". (a) The pupil function, (b) theoretical PSF, (c) experimental PSF,
(d) localizing accuracy of Tetrapod PSF optimized for 6 um depth of field. (e) ~ (h) The same as (a) ~ (d), but for Tet-

rapod PSF optimized for 10 pm depth of field.
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Fig. 6 Localization deviation caused by the dipole’s direction™ . (a) PSF xz section (left) and xy section (right) of single mo-

lecule with a rotation angle, polar angle and azimuth angle of 15°, 45° and 0° respectively, and corresponding localiza-

tion deviations; (b) PSF with the same polar angle and azimuth angle as (a) and rotation angle of 60°. (c¢) and (d) are the

lateral offsets generated by different rotation angles and polar angles, respectively; (e) physical meaning of rotation

angle, polar angle and azimuth angle of the dipole
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Fig. 7 Dipole orientation localization method based on double helix PSFP® | (a) Optical path layout; (b) and (c) are imaging

channels in two polarization directions, respectively, and their pupil functions are (i) and (ii) respectively; (d) the upper

and lower figures are PSF of horizontal and vertical channels, respectively; (e) and (f) are LA and LD indicators re-

spectively. There are four possible orientations when only the LA indicator is considered. Red and blue represent LD
indexes of transmission channel and reflection channel respectively
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