
 

UMass Amherst Researchers Develop New
Microscope So Powerful It Sees Individual
Molecules
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The image shows the set-up of a new microscope so powerful it can allow
researchers to see individual molecules. The picture was taken in the dark in
order to better show two lasers (blue and green lights) going into the microscope
at right. Photo credit: UMass Amherst

(PhysOrg.com) -- Researchers are finding that the ability to see very
small things -- objects 20,000 times thinner than a human hair -- can
help answer big biological questions. That’s why Jennifer Ross, a
University of Massachusetts Amherst physicist, is building a new
microscope that achieves super resolution, allowing scientists to see
molecules 100 times smaller than are visible using traditional light
microscopy.

1/4



 

Researchers are finding that the ability to see very small things—objects
20,000 times thinner than a human hair—can help answer big biological
questions. That’s why Jennifer Ross, a University of Massachusetts
Amherst physicist, is building a new microscope that achieves super
resolution, allowing scientists to see molecules 100 times smaller than
are visible using traditional light microscopy.

Ross is particularly interested in using the microscope to determine how
a specialized protein called tubulin controls cell division. She and
Patricia Wadsworth, a UMass Amherst biologist, were recently awarded
a $684,000 grant by the National Institutes of Health through the
American Recovery and Reinvestment Act to develop a microscope
incorporating two cutting-edge fluorescence techniques that give
researchers the ability to observe and track individual protein molecules.
UMass Amherst is the second university in the country to use one of
these, called Stochastic Optical Reconstruction Microscopy (STORM).

The new microscope, to be built within the next year, will allow much
greater precision in identifying objects—such as certain cellular
proteins—by letting scientists see them individually and watch their
movement in real time. Ross says this will aid virtually all scientific
disciplines to help answer important questions from how neurons
communicate with each other in the brain to which are the most efficient
green energy sources.

Special fluorescent tags used with the new microscope will allow her to
see individual molecules that control cell division—working in real time,
in living cells. Seeing individual tubulins in their normal environment
should give her better insight into how processes they control can go
awry. This could contribute to researchers’ understanding of how
uncontrolled cell growth can lead to cancer.

Until now, observing individual proteins has involved isolating these
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proteins from the cells in which they operate. But observing a single
molecule plucked out of its natural environment means normal
interactions and behaviors are lost. “That’s not how the cell really is,”
says Ross.

The first generation of fluorescence proteins (which recently earned
discoverers a Nobel Prize) helped to solve this problem by allowing
scientists some ability to watch marked proteins interact in real time
inside cells. But when many molecules are fluorescently tagged inside a
cell, the amount of light they emit prevents observers from seeing what
individual proteins are doing because they all fluoresce at once, creating
a glare. Tagging all similar proteins in a cell yields an image that’s too
blurry to provide useful data.

The new tagging technique used with the microscope solves this problem
by adding a “light switch” that allows the researcher to control the
fluorescent marker. Instead of being on constantly, fluorescent tags can
be individually selected to turn on using small amounts of purple light,
allowing each protein to be seen individually. As the physicist explains,
when only a small amount of light is used, it acts as a particle rather than
a wave and excites only one fluorescently tagged molecule at a time.

Further, fluorescence from these proteins only lasts a few seconds and
then goes dark. Another small set of proteins can be turned on with more
purple light. Used in this way, the new, more precise microscope can
then create a map of the individual proteins, which is captured on a high
resolution camera.

The new microscope also solves another major problem associated with
the first generation of light microscopes: Images are so blurry that
molecules often appear to be 50 times their actual size. This results from
the large amount of fluorescence that each tagged protein
emits—researchers can’t distinguish between the real object and the
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fuzzy patch of light that surrounds it. The effect on investigators is much
like asking for directions to a particular office and being told only what
building it’s in, Ross explains—without an exact location, the answer is
not helpful.

The new fluorescence techniques take advantage of the fact that the
brightest light emitted by the objects will come from their centers. Ross
and colleagues developed a mathematical formula that can fit the shape
of a single molecule’s light intensity pattern. This allows a computer to
locate the protein’s center within 20 billionths of a meter instead of 200,
making the object appear much more like actual size.

Ross summarizes that both the Fluorescence Photoactivated and
Localization Microscopy (FPALM) and STORM techniques that she and
colleagues are perfecting should allow scientists to see individual
molecules by exciting the fluorescent tags with a small amount of light.
STORM uses slightly different dyes that can be “tuned” to tag specific 
molecules. By tagging different proteins with different fluorescent tags,
scientists can also observe the dynamics of multiple proteins
concurrently, not possible in first generation fluorescence microscopy.
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