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Advanced methods in multiphoton excitation imaging

9:05-9:55 (English)

Cracking Brain Complexity
through Three-Photon Microscopy

T Murat Yildirim, PhD
- Cleveland Clinic Lerner Research Institute

Neuroscience Department
Assistant Professor
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Two-photon microscopy has become the workhorse of tissue imaging in the life
sciences, particularly in neuroscience, where it is used to perform high-resolution,
structural and functional brain imaging and stimulation in various biological systems
and models. However, two-photon microscopy has severe limitations for deep brain
imaging due to absorption and scattering at greater depths, as well as
photodamage and toxicity accompanying higher laser power at the brain surface.
Therefore, imaging and stimulating neuronal populations in deep cortical and
subcortical areas with two-photon microscopy is challenging. In this talk, I will
discuss the design, and implementation of three-photon microscopy for performing
high-resolution, damage-free, and deep-tissue imaging for neuroscience
applications. In the first part of my talk, I will describe the design and optimization
of a three-photon microscope for in vivo, damage-free imaging at a sub-cellular
resolution in deep layers of the cerebral cortex in awake mice. Specifically, I will
demonstrate the application of the microscope for imaging structural features and
functional evoked calcium responses of neurons through the entire cerebral cortex
down to the subplate of primary visual cortex in awake mice. In the second part of
my talk, I will present a label-free three-photon imaging technique which enables us
to show a strong relationship between structural substrates of visual cortical areas
and their functional representation maps in awake mice. In the last part of my talk,
I will demonstrate the use of label-free three-photon microscopy to perform high-
resolution deep-tissue imaging in intact cerebral organoids specifically for assessing
the key components of early neurogenesis in Rett syndrome. Collectively, our
custom-made multiphoton technologies are next-generation imaging tools enabling
unprecedented access to the complexities of brain function in health and disease.

Neurophotonics Lab
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