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ABSTRACT
Quantum dot nanocrystals are nanometer sized
semiconductor particles which can be used for labeling
biological systems. They are much brighter and more
stable than conventional fluorophores. However, the
potential for the use of quantum dots in biological sciences
has yet to be realized because of the lack of reliable
labeling methods using commercially available reagents.
We have developed protocols for labeling neurons and glial
cells with commercially available quantum dots, and have
used these tools to label glial fibrillary acidic protein
(GFAP) intermediate filament cellular bridges. These
previously unidentifiable characteristics are now visible
with quantum dots, which allow for much higher resolution
and more specific labeling than conventional fluorophores.
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INTRODUCTION

Quantum dots are nanocrystals, often made of a CdSe
core with a ZnS cap. They can be used for studying
biological systems in the same way as conventional
fluorophores, but offer stability and resistance to
photobleaching that organic fluorophores cannot provide,
allowing long term studies in live cells. Other advantages
of using QDots include tunable emission based on size and
composition, broad excitation and narrow emission peaks,
multicolor imaging, and resistance to chemical and
metabolic degradation [1, 2].
Prior work in this area involves synthesizing and
chemically conjugating quantum dots to molecules of
interest in-house which is both time consuming and prone
to human error [1, 3, 4]. Additionally, non-specific binding
and nanoparticle aggregation currently prevent researchers
from utilizing this system to its fullest capacity.
In this study, we developed protocols for labeling
proteins of interest in neurons and glial cells using
commercially available reagents [5]. With this refined
protocol, scientists should be able to more easily label and
track biological molecules of interest.
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METHODS AND MATERIALS

Quantum dots conjugated to streptavidin were obtained
from Quantum Dot Corporation and were used with
biotinylated antibodies to label proteins of interest in
neurons and glial cells. Briefly, glass cover slips were
coated with 0.1% wt/vol poly-D lysine in double distilled
water overnight. They were subsequently washed 3 times
with phosphate buffer saline (PBS) and allowed to dry.
Cells were seeded onto cover slips at a seeding density of
20,000 cells/well for a 24 well plate. They were incubated
at 37º C for 24-48 hours to allow attachment to the
substrate. Cell culture media was then removed from the
cells and warmed PBS was added to remove excess media.
Cells were fixed with 4% paraformaldehyde in PBS for 10
minutes at room temperature. The cells were then washed 3
times with PBS and permeabilized with 0.2% Triton X-100
in PBS for 5 minutes. They were washed again 3 times
with PBS and incubated in 10% horse serum in PBS for 30
minutes at room temperature to allow for blocking of nonspecific binding. After a final rinse with PBS, the
biotin/streptavidin blocking kit was applied to block nonspecific binding of the biotinylated antibody as well as the
streptavidin conjugated quantum dots. All sites where
biotin would non-specifically bind were quenched with the
streptavidin added during this step. This was followed by
another wash with PBS. Finally, we added our biotinylated
molecule of interest. We used anti-GFAP and anti-βtubulin at a dilution of 1:1000 and 1:100 respectively in
PBS with 10% horse serum. As a control, we used each
antibody without biotinylation in 10% horse serum and
incubated 10% horse serum without a primary antibody in
order to detect non-specific binding of quantum dots or
streptavidin. These incubations were for 2 hours at room
temperature. This was followed by washing 3 times with
PBS. 605nm streptavidin conjugated quantum dots were
added at a 1:100 dilution with 10% horse serum and
incubated for 1 hour. An additional control of standard
anti-mouse TRITC was added to compare results to
quantum dot labeled cells. All samples were rinsed 3 times
with PBS and mounted with 90% glycerol in PBS.
An alternate labeling method involves doing three steps
instead of two steps but provides greater specificity and
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