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When you learn or forget, what proteins are expressed or disappear? What parts of your brain “light up” or 
are “turned off”? The recent progress in high-resolution fluorescence microscopy (exemplified by the 2014 
Nobel Prize in Chemistry), combined with advances in biology, make this task potentially achievable. Towards 
one (small) part of this goal, we have recently made small quantum dots (< 10 nm in diameter) that are 
extremely bright and photostable, enabling single molecule detection on specifically labelling receptor proteins 
in cultured living neurons. We have studied two of the most common glutamatergic receptors in the brain, 
namely, AMPAR and NMDAR. Their dynamics into, and out of, synapses, are important to learning and 
forgetting. We have used high-resolution microscopy techniques (FIONA, PALM, STORM), with less than 20 
nm in x-y and about 2x worse in z- dimension, and ~ 50 msec resolution. We find that the receptors are 
primarily in the synapse and that long-range extra-synaptic diffusion into the synapses is not of primary 
importance. This is in contrast to conclusions reached with big quantum dots. These results are supported by 
a new STORM method with fixed samples. Furthermore, we find that once inside the synapse, the receptors 
(surprisingly) diffuse around in nanodomains, with the nanodomains themselves undergoing about ~ 10 x 
slower diffusion. The nanodomains of AMPAR and NMDAR tend to have distinct localization, with some overlap 
between them. We also find that occasionally the receptors endocytose and travel from one synapse to 
another via microtubule-assisted transport. 
 
 
 
Bio : Professor Selvin uses single molecule fluorescence for resolving the structure and dynamics of biological 
macromolecules such as molecular motors and receptors involved in neuronal transmissions, and apply it in 
genomics. He is author of more than 130 papers. He developed a number of super-resolution characterization 
techniques, including FIONA (Fluorescence Imaging with One nm Accuracy), DOPI (Defocused Orientation and 
Position Imaging), SHREC (Single molecule High REsolution with Colocalization), SHRIMP (IMaging with 
Photobleaching), and other. He authored 10 patents on imaging and characterization. He is Fellow of the 
American Physical Society and has received a number of scientific awards. 
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