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The atomic force microscope (AFM) is used to image the surface of both conductors and nonconductors. Biological
specimens constitute a large group of nonconductors. A disadvantage of most AFM’s is the fact that relatively large areas of
the sample surface have to be scanned to pinpoint a biological specimen (e.g. cell, chromosome) of interest. The AFM
presented here features an incorporated optical microscope. Using an XY-stage to move the sample, an object is selected
with the aid of the optical microscope and a high-resolution image of the object can be obtained using the AFM. Results on
chromosomes and cells demonstrate the potential of this instrument. The microscope further enables a direct comparison
between optically observed features and topological information obtained from AFM images.

1. Introduction

Since the introduction of the atomic force mi-
croscope (AFM) [1] a large number of biological
objects with dimensions ranging from DNA
molecules [2] to blood cells [3] have been imaged
utilizing the high resolution of this technique. A
major advantage of the AFM over other tech-
niques with similar resolution such as scanning
tunneling microscopy (STM) and scanning elec-
tron microscopy (SEM) is that the AFM requires
no coating of the specimen. Furthermore, Hansma
and co-workers demonstrated that the AFM can
be operated in an aqueous environment [4]. This
holds great promise for biological studies under
physiological conditions. In practice, most operat-
ing time of the AFM is used to locate specific
objects of interest, which are more or less ran-
domly distributed on the sample substrate, by
making multiple AFM images. For objects with a
size of 1 um or larger, this problem has been
solved by building an AFM which has an inte-
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grated inverted optical microscope (EPI-illumina-
tion). With this instrument an object of interest
can be selected quickly using the optical micro-
scope and a high-resolution AFM image can be
obtained of the selected object. A direct compari-
son between the optical image (in reflection or in
fluorescence) and the AFM image can be made
due to the overlapping field of view.

2. Experimental set-up and first results

A problem encountered in integrating an opti-
cal microscope in an AFM is that there is not
much space near the sample-tip location to posi-
tion an objective lens. In one commercially avail-
able AFM [5] this has been solved by using spe-
cial long-working-distance objectives. A disadvan-
tage of this solution is the fact that the tip and
cantilever are directly located on top of the object
thus obscuring the optical image of the object.
This problem can be circumvented by placing a
small objective lens inside the hollow piezo tube.
Since most biological objects are transparent, an

0304-3991,/92 /805.00 © 1992 ~ Elsevier Science Publishers B.V. All rights reserved



1550 C.AJ. Putman et al. / AFM featuring an integrated optical microscope

CD-lens - ——
Monitor | ‘ Piezo-tube A Monitor-2
L -
—
-~
e —
—  _ |xy2

_— i !
i !
Hyg-lamp B — - - |
BS = [ S
- !
.
7 — \“ Duta acquisition
CCD-camera ! M
|
[\_{/

0 _

Fig. 1. Schematic representation of the AFM integrated with an optical microscope. The optical microscope consists of a m.

arc lamp for illumination, a beam splitter BS, a beam steering mirror (M), an objective lens (numerical aperture= 1.4,

CCD-camera with video monitor, Monitor-1. The lens can be moved by an XY-stage (XY-2, range: 2X2 mm?). The CD-lens can

also be translated in the Z-direction in order to focus the sample. The AFM consists of a piezo tube for sample scanning and a

cantilever-tip. The displacement of the cantilever is measured by the optical beam deflection method [11] using a diode laser and a

quadrant detector, PSD. The AFM images are displayed on Monitor-2. The sample can be moved over a range of 3X3 mm? by a
second XY-stage (XY-1).

optical image can be obtained from the back side of the set-up is shown. The instrument is de-
by using a transparent object carrier, e.g. a micro- scribed in detail elsewhere [6]. An object field
scope slide. In fig. 1 a schematic representation with a size of 3 X3 mm? can be screened by

Fig. 2. Optical image in reflection of a sample of metaphase chromosomes taken from a Chinese hamster lung cell line (CHL-V79),
prepared according to the method described elsewhere [12]. Bar: 10 pwm.
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moving the sample with an XY-translation stage.
The field of view of the optical microscope is 100
um in diameter with an optical resolution of
about 1 wm. The maximum scan range of the
AFM is 15 X 15 um? and the resolution is a few
nanometers (no extensive noise-reducing precau-
tions have been taken yet).

An optical image (in reflection) of a sample of
metaphase chromosomes is shown in fig. 2. The
V-shaped micro-fabricated cantilever (Si;N,) [7]
is clearly observed. The 4 X 4 um? square at the
apex of the cantilever is the actual pyramidal tip
with a radius of typically 30 nm [5]. The interfer-
ence pattern (Newton fringes) within the bound-
aries of the cantilever originate from the interfer-
ence between light reflected from the sample
carrier surface and the tilted cantilever. The ob-
served spacing of the fringes can be used to
calculate the tilt angle of the cantilever. With the
relatively monochromatic light used for illumina-
tion (Mercury arc lamp, 546 nm) the angle is
about 15° and in agreement with the angle in-
stalled in the instrument. The white spot is from
the laser beam sensing the cantilever displace-
ment.

When a biological object of interest is located
using the optical microscope, the object is posi-
tioned under the AFM tip and an AFM image is
obtained. In fig. 3 an AFM image of a metaphase
chromosome that was selected from the optical
image is shown. We see that the chromatids of
the chromosome display a pattern of loops with a
period of 80 nm. This is in agreement with
earlier observations on coiling of the chromatids
[8,9]. Higher-resolution AFM images reveal struc-
tures with sizes in the range of 50 to 60 nm [6].
This example clearly shows the possibilities of the
instrument.

As a second example an AFM image of a
white blood cell is shown (fig. 4). A blood droplet
is smeared on a microscope slide and air-dried.
Amongst a multitude of red blood cells (ratio
4000 to 1) a lymphocyte is selected using the
optical microscope. The large nucleus is clearly
visible.

Other preliminary results include images of a
neutrophilic granulocyte. After air-drying for a
day the lobed nucleus is observed in the topology
of the AFM image. No high resolution of the
nucleus is obtained because the cell membrane

Fig. 3. AFM image of a single CHL metaphase chromosome. The applied force is 5 nN. Bar: 1 um.
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Fig. 4. AFM image of a lymphocyte. The applied force is 10
nN. Bar: 1 um.

covers it. On treated chromosomes banding pat-
terns can be observed using an optical micro-
scope. The first results obtained by the AFM
show that this is expressed in height variations.
Thus we are able to correlate the optically ob-
served banding patterns and the topology as ob-
served by the AFM of treated chromosomes.

We are currently investigating the chromo-
some appearance under different physiological
conditions, such as the influence of divalent
cations [10], in order to obtain a better under-
standing of the chromosome structure.

3. Conclusions

The atomic force microscope with integrated
optical microscope as presented, is an instrument
that is easy to operate and can be a useful re-
search tool for biologists to study biological struc-

tures and processes on a molecular scale under
physiological conditions. The instrument reduces
the operating time significantly. It further enables
direct comparison between optically observed
features and the topology.
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