
Quantum 
Dots Light Up 
The Body 

A team at Carnegie Mellon
University has stabilized

tiny fluorescent crystals known
as quantum dots, enabling
them to circulate throughout
the bodies of mice and provide
signals for at least nine
months. This is believed to be
the longest period of time for
which anyone has observed
quantum dot fluorescence in 
a living animal. The study
demonstrates the potential of this tech-
nology in the area of biological studies 
of mammals.

“The idea has been kicking around
since the late-80s,” said Byron Ballou, a
research scientist at Carnegie Mellon’s
Molecular Biosensor and Imaging Center
in Pittsburgh. “One problem with mak-
ing quantum dots is that so many that
have been reported are one-of-a-kind
syntheses that are not repeatable. Also,
they are almost all extremely fragile.
Naked quantum dots don’t even coexist
easily with air.”

The breakthrough was in creating
coatings for the dots that made them

stable in vivo. “And
we had a great deal
of luck on that,” Ballou said. An article
on the team’s work was recently pub-
lished in Bioconjugate Chemistry.

Quantum Dots Corp. in Hayward,
Calif., supplied the dots coated with two
layers: the first layer is made of a poly-
mer, which protects the dots from water
and other substances. The second layer
includes one of three polyethylene glycol
amine (PEG) molecules.

The dots, which are injected through
veins in the tails of the mice, tend to cir-
culate around the liver, spleen, lymph
nodes and bone marrow, which contain
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cells that remove debris
from the body. This sug-
gests that the dots could be
used for studying cancers
in these parts of the body,
Ballou said.

Quantum dots are more
effective than other analysis

techniques (such as those involving India
ink) because they are very bright and 
the quantum yield is higher, Ballou said.
“They use almost every photon that
comes through,” he said. “They very effi-
ciently convert to fluorescence. The size
of the quantum dots as well as their 
composition governs the emission wave-
length, and you can adjust the size of the
quantum dots to give you the wavelength
pretty much where you want it … We can
actually see the lymphatics through the
skin of a nude mouse.”

Shuming Nie, director of cancer 
nanotechnology at the Winship Cancer
Institute in Atlanta, has been called a pio-
neer in the biological use of quantum
dots. “The paper by Dr. Ballou and
coworkers is an excellent piece of work
on the biostability and behavior of quan-
tum dots inside living systems,” Nie said.
“The reported application was relatively
simple because generic quantum dots
were used only as a fluorescent tracer.
The next step is to link quantum dots
with drug delivery and targeting princi-
ples. For example, near-infrared-emitting
quantum dots could be conjugated to
bioaffinity ligands such as antibodies,
peptides and small molecule probes for
molecular imaging and targeting in vivo.”

(Left) Quantum dots that have
bonded with a cell and been
illuminated by a microscope’s
laser. (Inset) A day after inject-
ing a living mouse with quan-
tum dots, scientists took
images of the animal using a
noninvasive fluorescence tech-
nique. Here, concentrations of
dots are visible in the lymph
nodes, liver and bone marrow.
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A newly mounted laser guide star system 
at the University of California’s Lick
Observatory allows astronomers to obtain
sharp, twinkle-free images of distant stars.
Lick is the only observatory to routinely use
such a laser guide, which expands the use-
fulness of the telescope’s adaptive optics.
Most telescopes with adaptive optics must
rely on bright stars in the field of view to
provide the reference needed to remove the
blurring effects of atmospheric turbulence.
Lick’s laser allows astronomers to view any
part of the sky, whether a bright star is
nearby or not. Here, the laser beam pierces
the sky over the observatory. Reaching 
60 miles into the upper atmosphere, it pro-
duces resonant backscattering from meso-
spheric sodium. This acts as an artificial
wave-front reference. The scattered light is visible for up to several kilometers.
The yellowish cast of the dome is caused by the streetlights of nearby San Jose.
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