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Construction of the high speed structured illumination microscopy

for observation of living cells with super resolution
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[Abstract] We aim to construct a high speed structured illumination microscope (SIM) for
observing dynamic changes inside living cells with super resolution. We introduced a Pockels
cell into the SIM to shift the phase of structured illumination pattern at high speed (up to 20
kHz). We confirmed that the phase of a structured illumination pattern is proportional to the
voltage applied to the Pockels cell. By applying stepped wave voltage to the Pockels cell, the
phase shifted to 120 degree within 1 ms. As for the demonstration, we obtained three images
of fluorescent-stained PC12 cells consecutively with different phases of an illumination
pattern (0°, 120° or 240°), and calculated a single optical sectioned image using these three
images. The calculation process improved the contrast between the cell membrane and the
cytoplasm, indicating that the calculated image had better axial resolution. Construction of
SIM having high lateral resolution is in progress with introducing the second Pockels cell.
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Fig. 1. Evaluation of Pockels cell. (a) A fluorescence
image of PDI/PMMA film with structured
illumination. Scale bar is 10 um. (b) Time evolution of
voltage with staircase waveform applied to the Pockels
cell. (c) Corresponding phase change of illumination
light pattern with the voltage of staircase waveform.
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Fig. 2. Improvement of z-axis resolution by optical
sectioning. (a) A raw image of a PC12 cell stained by
DilC12 with structured illumination. (b) Simple sum of
three images with different phase (0°, 120°, or 240°).
(c) An image created by calculation of optical
sectioning Eq. (1). (d) Comparison of line profiles of
(b) and (c). All scale bar is 10 um.
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