Multiscale Imaging of Mouse Brain Microstructure
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A first step in understanding the normal and abnormal functioning of the central nervous system is to chart out a detailed map of the brain microstructures positioned within the context of the whole organ.

To obtain such three-dimensional databases, innovations in multiple levels of imaging and staining methods are necessary. In our project, we are investigating three scales: nanoscale (electron microscopy, EM), microscale (light microscopy, LM), and macroscale (magnetic resonance microscopy, MRM).

For the EM-level, we are using the Serial Block-Face Scanning Electron Microscopy (SBF-SEM) with heavy-element staining to obtain nanoscale data at 30 nm resolution. For the LM-level, Knife-Edge Scanning Microscope (KESM), our own invention, is used to section and image whole mouse brain at 300 nm sampling resolution (500 nm section thickness) with Golgi or Nissl stain. At this level, we are also experimenting with heavy-element staining and fluorescence imaging in LRWhite-embedded tissue. For MRM imaging, we are using a third-party mouse brain database from UCLA. These imaging modalities at different levels allow us to gain unique insights on the scaling properties of neuronal microstructure in the mouse brain. These imaging methods are sufficiently general to be applicable to other small animal organs, such as the kidney, heart, or lung.

