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The use of barcodes on products, combined with the
computer technology to read and track the subsequent data, has
revolutionized inventory control in our society. Barcodes are
commonly seen on items as large as automobiles and as small
as pieces of candy. But if you need to track a large number of
items that are microscopic in size, such as biologically relevant
molecules (think genomics, proteomics, metabolomics, efe.), then
you need very small barcodes. Sufficiently small rods that can
be marked as barcodes have been developed by Sheila
Nicewarner-Pefa, Griffith Freeman, Brian Reiss, Lin He, David
Pefa, lan Walton, Remy Cromer, Christine Keating, and Michael
Natan.?

Their starting point was a membrane of alumina with pores
that served as a mold for the rods. The backside of the membrane
was coated with a silver film that served as the working electrode.
Using apparently simple electrochemistry, different metals were
sequentially deposited within the pores, creating metallic stripes
along the rod. The rod structure was determined by (i) the
membrane pore diameter, that determines the diameter of the
rod, (ii) the sequence of metal ions introduced into the solution
bathing the membrane, that defines the number and pattern of
metal stripes, and (iii) the electrical charge passed in each step,
that dictates the length of each stripe. Nicewarner-Pefia et al.
have used seven different metals (cobalt, copper, gold, nickel,
palladium, platinum, and silver) to create stripes as short as 10
nanometers and as long as several micrometers, and have
prepared rods with as many as 13 distinguishable stripes.

After the metals are deposited within the pores, the
membrane is dissolved with nitric acid and sodium hydroxide,
isolating the rods. The rods were examined by transmission
electron microscopy, scanning electron microscopy (SEM), field
emission SEM, energy-dispersive x-ray scattering, macroscopic

extinction, and microscopic reflectivity, in addition to chemical
analyses typically applied to bulk materials. Most significantly,
examination with the light microscope®clearly revealed a pattern
of stripes when examined at the appropriate wavelength. Various
metals have different reflectivities at different wavelength. For
example, it was determined that at a wavelength of 430
nanometers, silver was 2.5 times more reflective than gold,
whereas other wavelengths worked better for other combinations
of metals. This suggests that reading the stripes may require
more than one wavelength to optimize the number of unique
barcodes.

The number of unique barcode patterns of n number of
metals with s number of stripes is on the order of ns. Although
the limit of resolution in a typical light microscope is around 143
nanometers, Nicewarner-Pefa et al. suggested stripes on the
order of half a micron. With a rod a few microns in length, this
gives tens of thousands of unique combinations, far more than
any other tagging method yet developed.

Fortunately, there are many chemical methods for attaching
biologic molecules to the barcoded rods. Nicewarner-Pena et al.
demonstrated this by attaching DNA molecules to rods that were
then used in hybridization assays, and immunogleobulins used in
a sandwich immunoassay. As the field of bicinformatics explodes
and interest grows in conducting comprehensive analyses on
classes of molecules, there will be a demand for very high-level
multiplexing in small samples. This in turn will depend on a
suitably small readout system. The barcodes developed by
Nicewarner-Pefia et al. may have fulfilled this need of the future.
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A cryosection of mouse intestine showing basement
membranes labeled with an anti-fibronectin antibody and Alexa
Fluor 488 goat anti—-chicken secondary antibody (green
fluorescence). Goblet cells and crypt cells are labeled with Alexa
Fluor 594 wheat germ agglutinin (red fluorescence). The
microvillar brush border and smooth muscle layer are visualized
with Alexa Fluor 680 phalloidin
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