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Na,K-ATPase has been isolated in purified membrane fragments from kidney tissue and crystallized by phospholipase
treatment to obtain two-dimensional, membrane-bound protein crystals. Scanning force microscopy has been used to
identify and analyze the topography of the membrane fragments. Specific patterns in accordance with electron microscopic
images have been found. In biological material under physiological conditions the scanning force is a crucial parameter for
the resulting image at high resolution.

1. Introduction

Since its invention by Binnig et al. [1], the
scanning force microscope (SFM) has been devel
oped to become a powerful instrument in surface
science. In contrast to its precursor, the scanning
tunneling microscope (STM), the SFM takes im
ages not only from conducting, but also from
nonconducting surfaces. In principle, sample
preparation for SFM is very easy; samples can be
imaged in vacuum, air or liquids and in a wide
range of temperatures from 4 K to room temper
ature [2]. If the forces applied to the samples are
small enough, scanning force microscopy can be
regarded as a nondestructive imaging technique.
The SFM is today the only instrument which can
picture biological samples with nm resolution un
der physiological conditions. Therefore it seems
to be obvious that SFM will evolve into a very
important tool also for biological research. In
fact, images of Langmuir-Blodgett films [3], DNA
[3], bacteriorhodopsin [4], blood cells and bacteria
[5], and even the polymerization of fibrin [6] have
been taken with the SFM. Unfortunately these
already impressive results lack up to now the

reproducibility and resolution of results taken
with SFM of STM of flat, crystalline surfaces.
The reduction and better control of imaging forces
represents the main challenge for SFM on biolog
ical samples. Pushing the resolution of SFM down
to atomic scale at high scan rates will not be easy,
but we think that it will open a new frontier:
direct observation of nature "working" at the
biochemical level would then be possible.

We have chosen to image Na,K-ATPase by
SFM because it is a well investigated membrane
bound transport protein. Na,K-ATPase is easy to
prepare, and has extensively been studied by
electron microscopy and other independent bio
chemical techniques. For a review, see ref. [7].
Na,K-ATPase can be crystallized and shows a
well defined structure at nm resolution. With an
appropriate resolution geometrical differences in
its conformations should be distinguishable.

The Na,K-ATPase is located in the cytoplas
mic membrane of animal cells and carries out
transport of sodium and potassium ions against
their electrochemical gradients at the expense of
free energy of ATP hydrolysis. During the pump
cycle 3 Na+ are transported out of the cell and 2
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