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            Abstract
Three-dimensional (3D) structured-illumination microscopy (SIM) can double the lateral and axial resolution of a wide-field fluorescence microscope but has been too slow for live imaging. Here we apply 3D SIM to living samples and record whole cells at up to 5 s per volume for >50 time points with 120-nm lateral and 360-nm axial resolution. We demonstrate the technique by imaging microtubules in S2 cells and mitochondria in HeLa cells.
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                    Figure 1: Live 3D SIM and conventional wide-field microscopy images of a Drosophila S2 cell expressing Î±-tubulinâ€“EGFP.[image: ]


Figure 2: Live 3D SIM and conventional wide-field microscopy images of a HeLa cell stained with MitoTracker Green.[image: ]
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Maximum-intensity projection from different angles of a live 3D SIM time series of a HeLa cell stained with 50 nM MitoTracker Green (Fig. 2). Volume thickness, 6.1 Î¼m. Number of time points, 50. Time needed per 3D volume, 20.3 s. Time inserted between time points, 6 s. Scale bar, 2 Î¼m. (MOV 7508 kb)
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Maximum-intensity projection along z axis of a live 3D SIM time series of a HeLa cell stained with 50 nM MitoTracker Green (Fig. 2). Volume thickness, 6.1 Î¼m. Number of time points, 50. Time needed per 3D volume, 20.3 s. Time inserted between time points, 6 s. Scale bar, 2 Î¼m. (MOV 7395 kb)
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HeLa cell mitochondria dynamics under live 3D SIM. Each frame was cropped from one axial plane at each time point of the same dataset shown in Figure 2 and Supplementary Video 2, and contains interesting events of mitochondrial fission-fusion and other morphological changes. Scale bar, 1 Î¼m. (MOV 253 kb)


Supplementary Video 5
Dynamics of fine internal mitochondrial structures of a HeLa cell under live 3D SIM. Each frame is a maximum-intensity projection over a thickness of 1.3 Î¼m for a subregion at each time point of the same dataset shown in Figure 2 and Supplementary Video 2 that contains the featured 'Y'-shaped mitochondrion. Besides the overall motion, one can observe the dynamics of the fine internal mitochondrial structures that resemble cristae. Scale bar, 1 Î¼m. (MOV 390 kb)


Supplementary Video 6
Maximum-intensity projection from different angles of another live 3D SIM time series of a HeLa cell stained with 50 nM MitoTracker Green. Volume thickness, 6.4 Î¼m. Number of time points, 75. Time needed per 3D volume, 20.8 s. Time inserted between time points, 2.5 s. Scale bar, 2 Î¼m. (MOV 9539 kb)


Supplementary Video 7
An example of motion artifact. This is a mitochondrion from the same dataset shown in Fig. 2 and Supplementary Video 2. Scale bar: 1 Î¼m. (MOV 877 kb)


Supplementary Video 8
Variation in zero-order illumination over time owing to insufficient time-averaging of the speckle pattern in the laser output from the multimode fiber. To generate spatially incoherent and smooth illumination light in 3D SIM, a mechanical fiber vibrator was used for shaking the fiber rapidly (Online Methods). This dataset, taken with only the zero-order diffraction beam to simulate uniform (that is, not structured) illumination, is for determining the non-uniformity in the nominally uniform illumination. Sample, thin film (< 300 nm thick) of fluorescein. Exposure time, 10 ms. The bright spots in the video were presumably where fluorescein molecules aggregated. It was determined (Supplementary Discussion) that the non-uniformity of the illumination using this exposure time was much less than 5%. Scale bar, 1 Î¼m. (MOV 2571 kb)
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