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Ultra-sensitive super resolution imaging with Hessian Structured illumination microscopy in live cells

Huang Xiaoshuai' Li Liuju' Fan Juanchao® Liu Yanmei' Tan Shan’ Chen Liangyi'
(1. State Key Laboratory of Membrane Biology, Beijing Key Laboratory of Cardiometabolic
Molecular Medicine , Institute of Molecular Medicine , Peking University ., Beijing 100871, China;
2. Key Laboratory of Image Processing and Intelligent Control of Ministry of Education of China ,

School of Automation , Huazhong University of Science and Technology,» Wuhan 430074, China)

Abstract Current super-resolution (SR) microscopy is limited in both its temporal resolution and its re-
cording length due to the extensive illumination required to obtain a sufficient amount of photons for achie-
ving the desired spatial resolution. Although structured illumination microscopy (SIM) excels in attaining a
high spatial resolution with a low amount of photons, the conventional post-processing approaches often
produce artifacts during the reconstruction of raw images with a poor signal-to-noise ratio. Here, we devel-
oped a Hessian regularization approach that uses the continuity of biological structures in the xyt dimen-
sions as a priori knowledge to constrain the Wiener deconvolution (Hessian-SIM), which outperforms the
current state-of-the-art algorithms in attaining artifact-minimized SR images with a photon dose less than
10% of that required in conventional SIM. Under a modest illumination intensity of approximately 8—250
W/em?, Hessian-SIM enables 88 nm and 188 Hz live SR imaging of rapidly moving secretory vesicles and
endoplasmic reticulum structures without motion artifacts. This approach allows the identification of novel
vesicle fusion intermediates, as demonstrated by the first visualization of the collapsing of a vesicle to the
plasma membrane followed by constriction of an enlarged pore. Using Hessian-SIM, we have visualized dy-
namics of mitochondrial cristae structures during mitochondria fusion, fission and inter-cristae remodeling

in single mitochondria.

Key words Hessian-SIM; temporal resolution; recording length; photobleaching



