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Resolution in optical microscopy has long been limited to the Abbe diffraction limit,
i.e. about 250 nm laterally for visible wavelengths on a very good microscope. In the last two
decades several techniques have been devised to circumvent this limit: an achievement which
was recognized with the 2014 Nobel Prize in Chemistry. Structured Illumination Microscopy
(SIM) was the first of these techniques to become commercially available, and continues to be
the only super-resolution technique which is practically compatible with living cells, while also
requiring the least modification to conventional sample-labeling protocols. SIM utilizes Moiré
patterns and frequency shifting to improve resolution 2X in each dimension, as well as
significantly improve the contrast for the mid-range spatial frequencies (Fig 1, left panel).

These advances have unlocked a new realm of biological inquiry: the combination of
the high biochemical specificity of fluorescent probes with resolution previously only possible
with electron microscopy now enables the direct study of sub-organelle colocalization and the
dynamics of living cells. Here, we will present both the basics of the SIM technique as well as
a sampling of its biological applications from our lab at UiT, including sub-mitochondrial
localization and dynamics, sieve-like nanostructures in liver cells (Fig. 1 middle and right
panels), and large-scale visualization of super-resolved cardiac tissue sections, as well as
discuss the practical limitations and implications of this work.

Fig. 1 Left: Mitochondria (orange) in keratinocytes imaged using conventional microscopy
and SIM. SIM provides both better contrast and resolution. Middle, right: Fenestrations (holes)
extend completely through the cytoplasm (blue and green) of liver sinusoidal endothelial cells,
and are arranged in large groupings called sieve plates. Scale bars: 1 pm, 5 um, 1 pm.



