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ABSTRACT

For these several years Atomic Force Microscopy
(AFM) has been widely used for visualization of
biological samples with high resolution on nanometer
scale. Whereas any biological information regarding
specific reactions, such as immunological function,
cannot be detected because of non-specificity of
molecular force reacting between a probe and sample
surface. The aim of this study is to visualize a function of
a cell, in particular, to detect  specific reaction on surface
of a cell membrane by AFM. The point of our method is
subtraction of the data measured by different probes: by
subtracting the data measured by an antibody-fixed probe
from those by a regular one, immunological reaction can
be determined. As a first step, we developed the
technique which enabled AFM to visualize the same area
on sample surface with different probes.
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1 INTRODUCTION

Atomic Force Microscopy (AFM) is thought to be the
most appropriate method for visualizing biological
samples due to its non-destructive and physiological
measurement. These years, several kinds of visualizations
by AFM have been conducted to analyze nano-structure
and function of  biological samples. Red blood cells[1,2],
DNA [3-9] and live cells [10-15] are typical examples of
the AFM visualization. Although AFM can offer high
resolution images for biological samples, it is difficult to
derive information relating to the biological functions
from the images. The reason is the non-specificity of the
molecular force reacting between the tip of the probe and
the sample surface. Images taken by AFM are just the
three dimensional topographical surface roughness.
Therefore, information regarding biological functions, for
example, immunological reaction, can not be determined
with regular AFM.

To investigate the specific biological function with
AFM, two methods have been proposed. One is labeling
of the sample surface[5, 6, 16, 17], and the other is

modification of the tip of the probe [18-21]. The latter means
the coating the surface of the probe with specific functional
molecules. For example, Florin et. al.[18] coated the prove
with biotin protein to detect the avidin-biotin interaction. The
aim of this study is to visualize function of a intact cell with
modified probe, in particular, to detect a specific reaction on
surface of a cell membrane by AFM.

Figure 1 explains the measurement method we proposed
for visualization of biological function on cell surface. In the
visualization by AFM, the surface of the sample has to be
scanned twice respectively with the regular and modified
probe. By subtracting between these two images, only the
occurrence of the specific reaction can be left to visualize.
This subtracting method will be expected to compensate
effectively for surface roughness of a cell.
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Figure 1 Measurement method for the visualization of

biological function on cell surface

(A) Topographic data measured by a regular probe.

(B) Those by a modified one. In this figure, antibody

proteins are fixed on the probe surface.

(C) By subtracting (A) from (B), only the occurrence of

the specific reaction can be visualized.



Applying this method for the visualization of a
biological sample causes a certain problem: difficulties in
repetitive visualization of the identical site of biological
sample surface. Since the targeting area is quite small as
nano meter order, the second probe cannot find the same
place as the first one. As a first step to overcome this
problem, we developed the navigating method to access
the same place on the cell surface repeatedly with
different probes. We also investigated the effect of the
variance of probe spring constant on the measurement
accuracy. Technically, we evaluated the three
dimensional topographic data measured by different
regular probes.

2 MATERIALS AND METHODS

In this study we used AFM (SPI-3700, Seiko
instruments Co., Tokyo, Japan) for visualizing a sheep
red blood cell (the diameter is about 5 micro meter).
Visualization was conducted in the air with dynamic
force mode. The blood solution was smeared on a slide
glass and dried for preparation.

2.1 Repetitive visualization

Figure 2 shows the image of a normal red blood cell
surface visualized by AFM (scale: 500 x 500 nm). As
shown in the figure, the surface is quite fine and there is
no feature to approach the same viewing site with
different probes. To visualize the same site repeatedly as
explained in figure 1 is quite difficult because the target
area is very small (about 500 nm x 500 nm). Towards a
solution of this problem, a kind of landmark for
navigation is written on the cell surface. Concretely we
made a scratch mark in rectangular shape on the surface
by indenting the scanning probe. We used the probe (SN-

AF01, Seiko Instruments Co., spring constant 0.02 N/m) to
make a clear scratch, and intended it onto surface. (A regular
AFM probe does not contact to the surface.) The indenting
distance was set between 100 and 300nm. The probe scanned
rectangularly on the surface several times.

2.2 Evaluation of  the topographic data

The three dimensional topographic data acquired by
different probes were evaluated as follows.

The area of the cell surface (500 x 500 nm) was visualized
with a regular probe and the three dimensional topographic
data (256 lines x 256 pixels) was acquired by AFM. To
increase accuracy in evaluation, the size of the topographic
data was expanded into 1024 lines x 1024 pixels with the
interpolation using Lagrange function.

To evaluate measurement data by different probes, the
evaluation value (EV) was defined as follows:

EV =  _( data Aij Ð data Bij)
2                              (1)

Data Aij and Bij is the measurement data by the probe A and
B. Smaller EV means that these two shapes are similar to
each other. Theoretically, the topographic data measured by
regular probes must be identical each other. Actually, the data
are not always identical due to noise or difference of the
spring constant of probes. In subtracting data, the coordinate
system of the data must be the same: the coordinate system
can be easily changed due to the arrangement of sample in
exchanging probes. As shown in figure 3,  the minimum EV

Figure 3 Evaluation of the measurement data
Data set A and B are the measurement data by different
regular probes. In evaluating based on equation (1), both
coordinate system must be the same: data set B was
moved and rotated three dimensionally around the
scratched area with calculating EV. Both coordinate
system are thought to be almost the same where the
minimum EV is produced, and the value gives the
accuracy of height measurement.
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Figure 2 Image of the cell surface of normal sheep red blood
cell visualized by AFM. (scale: 500 x 500 nm)



was calculated by moving the data set B against A three-
dimensionally, and both coordinate system are thought to
be almost the same where the minimum EV is produced.
The value gives the accuracy of height measurement. Due
to the creep of piezo scanning device, the rotation of the
measurement data was also considered in calculation.

3 RESULTS AND DISCUSSION

Figure 4 shows a clear image of the scratch mark we
made on a red blood cell surface for guidance. The
scratch is 300 x 300 nm square in shape, and the
indenting force was set as 4 nN. Guided by the scratch,
we could successfully access the same viewpoint
repeatedly with different scanning probes.

For the evaluation of the measurement accuracy, we
compared the images acquired by different regular
probes.  Figure 5 shows an example of the evaluation. As
shown in the figure, a good agreement between the
topographic data was obtained by three-dimensional
transforming. The height difference could be less than 0.6
nm through the whole target area.

Problems for the future study are as follows. (1)
According to the references[19, 20], the specific reacting
force has been reported around 100 pN. Therefore, it is
necessary to improve the calculation method to reduce
the height difference as small as possible. At the same
time, probes with smaller spring constant (N/m) should
be selected in visualization. (2) Through our further
experiments, by coating with molecule spring constant of
the probe was found to be increased. That is because
molecule covered the whole probe surface and increased
the weight of the probe. That makes difficult to keep
image quality in good condition. Since molecule for the

reaction is necessary only at the tip of the probe, the
modifying technique for a small part of the probe surface
should be investigated. (3) Though the specific reaction force
could be detected by AFM in aerial, according to the
reference, the visualization is preferable to be conducted in
liquid. In that case, a fixation method of a sample becomes
critical for image quality. While the method using mica plate
for DNA visualization has been already established, few
effective methods for cells, in particular, red blood cell,  have
been proposed so far.
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Figure 4 Image of the scratch (300 x 300 nm) made on the
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scanning probe. The indenting distance was set as 200nm
(4_10-9 N), and the surface was scanned 7 times
rectangularly.
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Figure 5  Example of data evaluation
EV could be minimized by transforming data. In this
case, the height difference could be less than 0.63±0.37
nm through the whole target area.
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