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Understanding the detailed structure and function in biological membranes
is a current problem in molecular biology. Ultrastructural studies,
based on the ability to discriminate ohemioally different sites on the
membrane surface, would provide crucial data relevant to a number of
questions. This paper describes a promising microscopic technique, based
on the photoelectric effect, which has this capacity. A sample is irrad
iated with UV light above the photoelectric threshold, and the resulting
photoelectrons are accelerated and focused by conventional electron optics.
Figure 1 illustrates schematically the technique of photoelectron micro
scopy (PEM) in comparison with two more familiar techniques, fluorescence
microscopy and transmission electron microscopy (TEM). Efforts to
utilize the photoelectric effect to study biological surfaces were begun
in this laboratory in 1968 and the initial images of organic surfaces and
a mammalian tissue are described by Griffith et_ al_. (1-4) . We report
here the first photoelectron image of plant organelles. The samples,
spinach chloroplasts, were chosen for this preliminary study because the
preparations are well characterized and their size permits observation
in our prototype low magnification instrument.

In order to examine spinach chloroplasts, a suspension of isolated chloro
plasts, prepared by the method of Whitehouse et_ al_. (5) and placed in a
medium containing 5% gelatin, was confined between the ends of two sample
rods and brought to liquid nitrogen temperature. The rods were then
separated, leaving fractured chloroplasts imbedded in frozen medium on
both sample rod surfaces. This "freeze-squeeze" method is a type of
freeze fracture sample preparation. One of the rods was then immediately
inserted into the photoelectron microscope. Immediately upon switching
on the UV lamp with the monochromator set at 200 nm, bright spots appeared
against a black field. Typical results are shown in Fig. 2a. These images
were deflected by magnetic fields and disappeared when the incident light
was switched off. There is no doubt that these images are formed by
electrons photoejected from the sample by UV light. A control sample
containing the gelatin medium but no chloroplasts appeared dark under these
conditions. Figure 2b is a visible reflected-light micrograph at about
the same magnification (although not the same field) of the chloroplast
sample after removal from the photoelectron microscope. The chloroplasts
are clearly visible as dark disc-like features against a bright field in the
optical micrograph. In comparing Figures 2a and 2b, the photoelectron
images appear larger because of the lower resolution of our prototype PEM,
and possibly chloroplast aggregation or chlorophyll surface migration.
From their number and general distribution, we conclude that the bright

spots in the PEM image are produced by chloroplasts. Fig. 2a is, to our
knowledge, the first photoelectron micrograph of plant organelles.

What is the source of contrast in Fig. 2a? In order to answer this question
micrographs were recorded as a function of wavelength of incident light.
The intensity of the spots decreases with increasing wavelength, and the
spots disappear above 240 nm. This parallels the behavior of photoelectron
images of chlorophyll isolated from these chloroplasts. The presence of
chlorophyll in the sample shown in Figures 2a and 2b was verified by obser
vation of its characteristic fluorescence at 680 nm; the chlorophyll
appeared to be localized within the chloroplasts. On the basis of this
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Fig. 1 The techniques of fluorescence
microscopy, TEM and PEM compared. PEM
shares with fluorescence the use of inci

dent exciting light, and with TEM the
advantages of electron image formation.
PEM is a form of emission microscopy, and
except for certain design considerations
the approach is related to the imaging
photoelectrons in metallurgy (6).

Fig. 2a Low magnification photoelectron
micrograph of a freeze-cleaved chloro
plast preparation, using 200 nm incident
light.

Fig. 2b Reflected light micrograph of the same sample. The chloroplasts are
visible as small black spots against a bright field.
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evidence, we tentatively conclude that chlorophyll is the source of contrast
in the photoelectron images of Fig. 2a, and that the bright spots are
chloroplasts that have been cleaved so as to expose chlorophyll.
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