
IMAGING WITH PHOTOELECTRONS
Stephen W. Carmichael,1 Mayo Clinic

Most of us have used fluorescence microscopy and are all too familiar
with the advantages and disadvantages of this tool: easy identification of
one or more labels that fluoresce at different wavelengths (color) against the
relatively dark background of the biologic substrate, but we can't always get
the spatial resolution that is needed to answer our questions. Electron
microscopy, both transmission and scanning modes, offer much better
spatial resolution, but present problems in localizing a label, particularly on
the surface of a cell. Wouldn't it be great if an imaging technique were
available that gave us the possibility of localizing one or more labels on the
surface of a cell with resolution approaching electron microscopy. Karen
Hedberg, Bruce Birrel, Douglas Habliston, and Hayes Griffith at the Univer-
sity of Oregon1 describe photoelectron imaging as the electron optical
analogue of fluorescence microscopy, offering some of the advantages of
both methods.

The photoelectron microscope relies on the photoelectric effect to
create an image. In brief, the photoelectic effect describes the release of
electrons from near the surface of a specimen caused by an exciting light,
from an ultraviolet (LJV) source in this example. The depth of the surface
that participates in this phenomenon approximates the thickness of a
plasma membrane, so the photoelectron microscope is ideal for visualizing
this organelle. The electrons that leave the surface are of very low energy
(< 1 eV), so the specimen must be examined in a vacuum. This is the
unfortunate part, since this requires fixation of the specimen, either by
chemical or cryo methods, imposing some of the same limitations as
electron microscopy.

But the good news is that an image can be restricted to the surface and
one or more labels can be made to stand out clearly on a dark background,
with much better resolution than with light optical methods. How does this
work? The rate of emission of electrons (the emission current) varies with
the nature of the material and the wavelength of the exciting light. Generally,
at shorter wavelengths the emission currents of a cell surface and a
silver-enhanced colloidal gold label tend to converge, meaning that the
amount of electrons from the cell and the label are nearly the same and
cannot be distinguished from one another. Happily, at longer wavelengths,
the emission currents from these two materials differ rather widely, the result
being that the gold labels light Lip against the darker cell surface. The
micrographs published by Hedberg et al. resemble those taken with a

scanning electron microscope, except that particles on the surface are much
more visible.

The exciting light source can be manipulated, either with filters or a tunable
UV laser. With different labels having different emission currents, more than one
label could be employed. Hedberg et al. present the thrilling prospect of an
imaging technique that can localize several different moieties on the cell surface
with the resolution of the electron microscope. They present several interesting
examples, but you can appreciate that the possibilities are endless!

1 The author gratefully acknowledges 0. Hayes Griffith for reviewing this article.
2. Hedberg, K.K., G.B. Birrel!, D.L Habliston, and 0. Hayes Griffith, Tunable
label contrast on the cell surface: Photoelectron imaging with multiple wave-
length excitation, J. Micros. Soc. Am. 1(6): 253-261,1995.

f

4
Microscopy Itno#e<y£c Printy uf
Th^ Uyio^e/en/the/froy\Z cover ofthii-LbirU&s o^welX/ B

o& on/ prevLowy CMM&fr, ^y co frvuxXb, low re^olutOow, uJ
reproduction' from/ a/ i&riefy of bUttee*v high/ quality\ ••••"
p&it&r yjfyeds, lcd^yg*'afi)u&prtitfyof &Gcw\n£ntyele^rarL> up
mLcYOiaffpe, tma^-ei- by ho^e^Cu^fphoto-^rc^iher VcwLd/ •••
Scharf.

Mr. Scbarf'ylma^^hatye/earr^ed/c^CtLci^as^claM^
for th&Or astLstlc/ cxmfent cwuV technical perfection/ ':'
and/hcuve/hveYy/ featured/ C+v Life/, Time/, National/Qeo-- 1
graphic/, SoL&rtCOfio Am&rUxwx/, Viicover, hlatwal/Htir £?
tovy, Ha^pery, Th&SaXiwdxxy Eveni+vgppoitj etc-.

The/ printy are- available/ from/ Microscopy Today b
<xt a/prices of $30 each/plat-$9 ihipplvvg-avid/hayidlln^- '^f
(Jl.S.) ShXpping^a^%d/ha^uilon^for outside* of the* U..S. i
iy slightly higher, fojym&rtt may be/ tnade/ by cheeky ,

oowi^any purchase/ order.

februOyry L%&u& of thifr publication/. And/ one- may o4

«/ AO- cost copy of €hifr \Ana%& iwnunary by wl
' Today. Ed\ £?

Front Page Image

SEM Photograph of a Polygonum Pollen Grain

Imaged on an ETEC SEM at 5 kV using the SEM Wideband Multi-Detector Color Synthesizer (designed, built and patented by David Scharf). Then
acquireddigitally at 2,048 X 1,535 pixels directly into a Macintosh PowerPC as a TIFF file, using Digital Micrograph software and Digiscan hardware.
Then output to a CELCO film recorder, using Ektachrome 100+ film, to produce a 4x5 transparency.

Photograph is Copyright© by David Scharf, 1994
All Rights Reserved.

This image is available at8,000Xas a 23" x 19" high qualify, lithographic print from Microscopy Today.
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The Amray Model 3600 LEAP
(Low Energy Advanced Performance) can propel your field emission SEM
performance beyond current boundaries to a new standard of excellence.
The Amray 3600 LEAP delivers: • high resolution - 4nm at ikV, ].5nm at
15kV • optimized geometry for a short working distance at high tilts
with large samples (6mm w.d.

Iat 45° tilt) • high kV (25kV)
for uncompromised analytical
capabilities a highly reliable
patented Schottky fieid
emission gun • 2048 x
2048 frame buffer For
advanced digital imaging
• two 17" high resolu-
tion, 1000 line viewing
monitors • 5 axes motor-
ized eucentric stage • motorized 8" linear load lock for rapid
sample exchange • embedded computer control for all SEM functions

The Amray 3600 LEAP provides resolution that's out of
this world - call 1-800-225-1462 for complete information on the
Model 3600 LEAP and other Amray systems.

AMR
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