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Stimulated emission image of the microvascular network in a mouse's ear. The
sample shows in red the blood vessel network surrounding green-colored
sebaceous glands. Sebaceous glands are microscopic glands located in skin that
secrete an oily and waxy matter used to lubricate the skin and hair of animals. A
technique called confocal reflectance was simultaneously used to record the
green-colored sebaceous glands. The image is based on contrasts of non-
fluorescent hemoglobin molecules. In the zoomed-in image, individual red blood
cells are lined up within a single capillary approximately five micrometers in
diameter. The structure and hemoglobin-dynamics of blood vessels play a major
role in many biomedical processes, such as angiogenesis in tumors and cerebral
oxygen delivery in the brain. Angiogenesis is the growth of new blood vessels
from pre-existing vessels. It is also a fundamental step in the transition of tumors
from a dormant to malignant state. Credit: X. Sunney Xie, Department of
Chemistry and Chemical Biology, Harvard University

(PhysOrg.com) -- A team of Harvard chemists led by X. Sunney Xie has
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developed a new microscopic technique for seeing, in color, molecules
with undetectable fluorescence. The room-temperature technique allows
researchers to identify previously unseen molecules in living organisms
and offers broad applications in biomedical imaging and research.

The scientists' results are published in the Oct. 22 issue of Nature. Partial
funding for the project was provided by the National Science
Foundation.

Fluorescence is a phenomenon in which an electron in a molecule
absorbs energy from light and moves to a higher energy level or excited
state. The energy of the light is contained in a unit called a photon.

After a very brief stay at the excited state, the electron returns to its
previous energy level, or ground state, by emitting a new photon. The
energy of the released photon is discharged in wavelengths of detectable
visible light lasting only a few billionths of a second.

Many biologically important colored molecules such as hemoglobin--an
oxygen-transport protein in red blood cells--absorb light but do not
fluoresce. Instead, the electrons in these molecules release their
additional but transient energy by converting it to heat.

"Since these molecules do not fluoresce, they have literally been
overlooked by modern optical microscopes," Xie said.

To detect non-fluorescent molecules in biological systems, Xie and his
team developed a new type of microscopy based on stimulated emission.

Stimulated emission was first described by Albert Einstein in 1917, and
was the basis for today's lasers. In a nutshell, it is a process by which an
excited-state electron, perturbed by a photon having the correct energy,
drops to its ground state producing an additional photon.
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Xie's new microscopic technique generates and records a stimulated
emission signal by using two carefully timed input and output pulse
trains. In the input pulse train, a modulator switches the intensity of the
excitation beam on and off at five megahertz, or MHz. The modulation
creates a stimulated emission signal at the same frequency. Each train
has an incredibly short pulse duration of approximately 200
femtoseconds. A femtosecond is equal to one billionth of one millionth
of a second or 10-15 seconds.

The signal produced by the non-fluorescent molecules provides a highly
sensitive image of previously "invisible" molecules.

One of the several possible applications of the scientists' invention is
mapping in color the delivery of non-fluorescent drugs to their target
cells. Another possible use is imaging tiny structures such as blood
vessels including individual red blood cells and single capillaries (see
images).

  
 

  

Stimulated emission image of the delivery of "toluidine blue O" to the same area
of freshly cut mouse ear skin as in the second image. Image was taken at a depth
of 25 micrometers 30 minutes after topical application of the molecular dye. A
micrometer is one-millionth of a meter. The image shows a rich distribution of
toluidine blue O, or TBO, following the subcellular cytoplasm of basal
keratinocytes. Basal keratinocytes are the major cellular constituents of skin and
located in the deepest layer of skin. The top and middle images support that the
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hydrophilic, or water loving, path is the main pathway for transdermal drug
delivery of TBO. Subcellular localization of TBO is crucial because it influences
both the level and the kinetics of inducing cellular death or apoptosis. Credit: X.
Sunney Xie, Department of Chemistry and Chemical Biology, Harvard
University

  
 

  

Stimulated emission image of the delivery of "toluidine blue O" to an area of
freshly cut mouse ear skin at the depth of three micrometers. The image was
taken 30 minutes after topical application of toluidine blue O. A micrometer is
one-millionth of a meter. Toluidine blue O, or TBO, is a molecular dye with an
affinity for cancer cells in living organisms. The non-fluorescent drug is used in
cancer therapy to locate cancer cells, which are then killed by radiation. The
image was taken at the surface layer of stratum corneum, which is the outer most
layer of skin. The image shows TBO accumulated in the protein phase of the
polygonal cells rather than in the lipid-rich intercellular space. Credit: X. Sunney
Xie, Department of Chemistry and Chemical Biology, Harvard University

The structure and hemoglobin-dynamics of blood vessels play a major
role in many biomedical processes. Two example processes are the
transition of tumors from a dormant to malignant state and oxygen
delivery in the brain.

Current established imaging technologies like MRIs and CT scans either
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lack the spatial resolution needed to resolve individual capillaries or
require external contrast agents.

Fluorescent labels such as the green fluorescent protein, or GFP, are
extensively used for observing the activity of biomolecules and
distinguishing target molecules in a cell. The GFP labeling technique
provides well-defined images. However, the bulky protein can disturb
delicate biological pathways, especially when it is larger than the
biomolecules it is illuminating.

Xie's team mapped the delivery of a non-fluorescent drug molecule and
imaged blood vessels without fluorescent labels.

Their new technique is also capable of imaging non-fluorescent proteins
in cells of live Escherichia coli bacteria.

"While earlier studies made use of similar pump-probe experiments to
provide images of fluorescent molecules with spatial resolution
comparable to that of confocal fluorescence microscopy and high
temporal resolution, this study, for the first time, makes use of
stimulated emission microscopy to image non-fluorescent molecules,"
said Zeev Rosenzweig, a program director in the NSF Division of
Chemistry.

Although potential photo-damage, and the complexity and cost of the
system still need to be addressed for the technique to gain wide
applicability, "there is no doubt that the study provides a unique way to
image a wide range of molecules currently inaccessible to today's state-
of-the-art optical microscopes," notes Rosenzweig.

"This is just the beginning," added Xie. "Many interesting applications
of this new imaging modality are forth coming."
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