BES Highlight

Nano-squeezed Light for Probing Mitochondrial Membrane Swelling and Study of Neuroprotectants

A nano-optical transduction method for high-speed analysis of submicron organelles like mitochondria has been discovered.  This ultra sensitive detection of submicron particles uses nano-squeezing of light into photon modes imposed by ultrasmall dimensions in a submicron laser cavity.  This discovery suggested the laser cavity be set up sensitively – like a gun with a hair trigger – by carefully setting the power of an external pump laser that beams energy into the cavity.  When a mitochondrion organelle is present, the light in the cavity reaches critical concentration to trigger the avalanche of photons necessary for laser action.  Thus, the tiny organelle becomes the center of a lasing process that sweeps energy from surrounding semiconductor material into a light signal as bright as that emitted by an entire cell several orders of magnitude larger, offering possibilities for analysis that light scattering – the current method of choice for rapid mitochondrial analysis – lacks.  Because the light has to squeeze through such a tiny object, a process called “nano-squeezing,” the lasing spectra are dramatically altered, which makes cell identification and detection easier.  This nano-squeezing allows even tiny organelles to generate a large spectral signal that can be easily detected.

The mitochondrion is a very small (500nm to 1um) organelle, ubiquitous in animal cells that contains the nanomachinery for oxidative phosphorylation of the respiration process.  It is the universal energy source of ATP molecules used to power muscles, brain, and other cells.  Because mitochondria are so tiny, it has been difficult to study them using a standard light microscope or flow cytometry techniques.  And, electron or atomic force microscopies are limited to nonviable, fixed organelles, so they cannot reproduce physiologic measurements.  A biolaser like this one developed for automated throughput of tiny organelles could rapidly determine the effects of neuroprotectants (i.e., drugs designed to protect nerve cells from degeneration) like cyclosporine on mitochondria.  This analysis could be very useful for rapid, front-end screen of pharmaceuticals that could help victims of stroke, traumatic brain and spinal cord injuries, and neuro-degenerative diseases like Alzheimer’s, Parkinson’s, Huntington’s, and ALS.
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