new and notable

Attaching molecules to surfaces for scanning probe microscopy
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Since their invention in the early and mid 1980’s, Scan-
ning Probe Microscopes, chiefly the Scanning Tunneling
Microscope (STM) and the Scanning Force Microscope
(SFM), have excited biochemists and biophysicists with
the possibility that, at long last, a quick, reliable, widely
applicable method can be found to obtain high resolu-
tion structural information on biomolecules in their na-
tive environments. Unlike conventional light or electron
microscopes, Scanning Probe Microscopes form images
without either lenses or radiation. Instead, images are
formed by scanning a very sharp probe tip over the sam-
ple surface to “read” the sample topography, much as a
phonograph needle “reads” the topography of a record.
The STM and SFM differ only in the nature of the tip-
sample interaction (a small tunnel current for the STM,
and a small force of contact for the SFM) that makes it
possible to detect the sample surface. Both STM and
SFM are capable of atomic resolution on samples in a
wide variety of environments, including aqueous, physio-
logical solutions. Initial efforts to apply STM to biomole-
cular structure began almost immediately after it was
invented in 1981 (1), and have continued with the SFM
{or Atomic Force Microscope (AFM), as it is sometimes
called) since its invention in 1986 (2).

As is well known, the main existing high resolution
structural techniques, successful as they have been, suf-
fer from a variety of limitations: x-ray diffraction re-
quires good crystals, often difficult to obtain, and is very
labor intensive even when crystals are available. Trans-
mission Electron Microscopy (TEM) is usually quick
and straightforward, but has limited resolution. It also
often involves drying and staining, and can damage the
sample. This means, among other things, that it is impos-
sible to view the same field of molecules both before and
after a change has been made. Hence, the enthusiasm for
probe microscopy, which could in principle provide
straightforward, high resolution images of biomolecules
under physiological conditions.

At the present state of the art, all major types of bio-
molecules (proteins, nucleic acids, membranes) can be
routinely and reliably imaged by probe microscopy, but
resolution is still somewhat below that of TEM. Two
technical problems have so far stopped the full promise
of probe microscopy from being realized. First, the reso-
lution of probe microscopes depends crucially on the
geometry and physical properties of the probe tips used
to form the images. Up to now these probes have gener-
ally not been well characterized and are often very non-

uniform from tip to tip. For example, a common proce-
dure for making STM probe tips is to simply cut a thin
wire at an angle with a pair of scissors. By chance, atomi-
cally sharp tips can result, but the actual shape of the tip
is completely unknown. Tips for the SFM are made
commercially by semiconductor microfabrication tech-
niques, and are usually more controlled, but are still not
characterized on the atomic scale. Work on this “tip
problem” is intense in both academic labs and on the
part of commercial manufacturers of probe microscope
equipment, and satisfactory solutions appear to be near
3, 4).

The second problem is that in most probe microscope
experiments there is a tendency for the probe tip to physi-
cally move biomolecules that are not firmly attached to
the substrate surface. Molecules can be damaged or even
swept entirely out of the field of view. This is especially
true in aqueous environments, where molecules are of-
ten “‘dissolved off”” the substrate as soon as they are
touched by the probe. Unlike the problem of probe tip
geometry, this is not a problem that can be solved once
and for all: for each sample a method must be found
which attaches the molecules to the substrate strongly
enough to prevent movement but not so strongly that
molecules are denatured (5-7). Therefore, at this stage in
the development of probe microscopy, each new success-
ful deposition technique widens the range of samples
that can be treated and deepens our general understand-
ing of what sorts of approaches are likely to be useful for
untried systems.

Two papers in this issue of Biophysical Journal ad-
dress this “deposition problem.” Il et al. have engi-
neered a nickel-binding peptide sequence into the con-
stant region of an antibody. They then show that the
antibody binds strongly (via the peptide, not its intrinsic
binding sites) to a nickel-treated mica surface. It can then
be imaged by SFM with good stability under buffer solu-
tions. It is particularly noteworthy that the antibodies are
not moved even at very high tip-sample forces (100 nN).
Presumably, this approach or variants of it could be used
for a wide range of proteins. The fact that the adsorbed
antibodies are bound by their constant region tails, leav-
ing their intrinsic binding sites free to react with mole-
cules in solution, is also important for technological ap-
plications of the technique.

In the paper by L. Haggerty and A. M. Lehnhoff the
deposition problem almost solves itself. The authors
make use of the fact that concentrated solutions of cer-
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tain proteins, hen egg-white lysozyme in the present
case, spontaneously form ordered surface layers on hy-
drophobic substrates. In these ordered layers the protein
molecules are restricted in their motion by the packing
of the crystalline lattice, and need not be as strongly
bound to the surface. In fact, Haggerty and Lehnhoff
find that at low surface coverage only large, ordered
patches of protein molecules can be visualized: single
molecules and small patches are apparently swept away.
This is similar in spirit (though very different in scale) to
the earlier imaging of ordered surface layers of liquid
crystal molecules by STM, in which crystal packing was
also found to be necessary for reliable imaging. Using the
STM, the authors are then able to follow the process of
surface adsorption directly from solution, and monitor
changes in the ordering and lattice parameters of the pro-
tein layer as functions of protein concentration and ionic
strength.

Both of these results illustrate the potential range of
applications of probe microscopy, and the rapid progress
presently taking place in applications to biomolecules.
Indeed, it appears that the major conceptual and techni-
cal hurdles can be overcome and probe microscopy will
soon be making routine important contributions to struc-
tural probiems in molecular biophysics.
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