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Fluorescent semiconductor nanocrystals, also referred to as Quantum dots, are becoming increasingly
popular as cellular probes for light microscopic imaging due to their unique optical and physical properties.
These include high fluorescent quantum yields, resistance to photobleaching, and narrow band fluorescence
emission.  They can be synthesized in a variety of distinct shapes and sizes in order to tune their
fluorescence emission over the visible spectrum, and unlike commonly used organic fluorophores such as
fluorescein and rhodamine, they all exhibit similarly large absorption cross sections, making them well
suited for simultaneous excitation from a single light source (1).  Additionally, various Quantum dots have
sufficient electron density and size diversity to be easily distinguished by electron microscopy, making
multiple labeling of different proteins possible (2).   While much attention has been focused on their
application to live-cell imaging, the utility of Quantum dot-secondary antibody conjugates for protein
labeling in fixed cells and tissues has not yet been fully characterized and exploited.

We have been testing six types of commercially available Quantum dot F(ab’)2 anti-IgG conjugates
exhibiting 525, 565, 585, 605, 655 and 705 nm fluorescence.  When applied to a thin carbon film, air dried,
and imaged by electron microscopy they each possess a distinct size, with a shape transition from round to
rod-shaped occurring between 585 and 605 nm.  In general, the larger the quantum dot, the longer the
fluorescence emission spectra (3).  Antibody conjugates of these probes exhibit modest but significant
penetration (> 5 microns in many cases) into aldehyde fixed and mildly permeablized cells and tissues,
making them suitable for pre-embedding labeling methods.  Although no universal protocol exists for
immunolabeling all antigens with sufficient ultrastructural preservation for electron microscopy, we have
established some general criteria to allow successful multiple labeling of a variety of diverse proteins for
both light and electron microscopy.

Cultured cells or tissues are fixed with 2-4 % formaldehyde (from paraformaldehyde), in some instances
with the addition of 0.05-0.5% glutaraldehyde.  Permeablization with low concentrations of Triton X-100 or
saponin is accomplished at 4°C.  For double labeling we employed 565 and 655 nm Quantum dots and for
triple labeling we used 525, 565 (or 585), and 655 nm Quantum dots, though other combinations are
possible.  One of the main attractions of using Quantum dots is that they allow for efficient trouble-shooting
and optimization of various antibody-antigen dependent labeling parameters by light microscopy prior to
proceeding with the more time consuming and laborious preparation for electron microscopy.
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Figure 1.  Mouse cerebellum double immunolabeled for the IP3 receptor (QD 565) and GFAP (QD 655,
red).  A) Confocal image showing prominent labeling of Purkinje cells (green fluorescence) and glial cells
(red fluorescence).  B)  Electron micrographs showing QD 565 labeling of the ER in a large Purkinje cell
dendrite (see enlarged area in C) and QD 655 labeling in a nearby glial cell process (see enlarged area in D).
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