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A miniature laser speckle fluorescence sectioning

microscope for cell imaging
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We present a miniature fluorescence sectioning microscope which uses a diode-pumped solid-state (DPSS)
laser as the light source and a fast translating diffuser to produce dynamically changing speckle patterns
onto the back aperture of the objective to illuminate the sample. Optical sectioning, which originates
from the statistical characteristics of laser speckles, is obtained by calculating the contrast of a series of
fluorescence images. High contrast fluorescence sectioning images of bovine pulmonary artery endothelial
(BPAE) cells are obtained. The image quality is similar to that of the images acquired by standard laser
scanning confocal microscope (LSCM). Compared with LSCM, the laser speckle fluorescence microscope
(LSFM) presented in this letter has many advantages, such as simple configurations, low cost, compact,
and easy to operate, which makes it possible to have wide spread applications in biomedicine.
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Cells are basic units of structure and function in or-
ganism. The mechanics of cells are closely related to
their organic components. The cytoskeleton, a cellular
“scaffolding” or “skeleton” contained within the cyto-
plasm, is made out of proteins. It is a dynamic struc-
ture that maintains cell shape, protects the cell, enables
cellular motion (using structures such as flagella, cilia,
and lamellipodia), and plays important roles in both in-
tracellular transport (e.g., the movement of vesicles and
organelles) and cellular division. The change of cellular
functions in diseased cells generally leads to the change of
cytoskeleton. Mechanical properties of individual living
cells are known to be closely related to the health and
function of the human body. Therefore, the observation
and analysis of the fine structures and the distribution of
molecules inside the cells are very important to the study
of biological phenomena in cells[1,2].

Laser scanning confocal microscopy (LSCM) has
unique optical sectioning capability, which allows for the
observation and analysis of three-dimensional (3D) struc-
tures of cells non-invasively. LSCM has become a widely
used tool in the study of cellular morphology, dynamic 3D
imaging, and 3D reconstruction of cells[3−10]. In LSCM, a
confocal pinhole is used to eliminate the fluorescence light
from outside of the focal plane, and a single focused light
spot is scanned across the sample by scanning mirrors,
which would require a complex configuration of LSCM,
implying that the optics is hard to align and the system
is expensive and not straightforward to operate.

Compared with LSCM, standard wide-field fluores-
cence microscopy is relatively inexpensive and conve-
nient to use for its simple configuration and the ma-
tured technology. Therefore, it has become an indis-
pensible tool in biomedicine. However, a wide-field flu-
orescence microscopy does not have optical sectioning
capability. In addition, the image contrast is poor be-
cause the light from the focal plane as well as from
below and above the focal plane reaches the detector,

such as a charge-coupled device (CCD) camera. Op-
tical sectioning has been demonstrated by implement-
ing structured illumination[11−14] and dynamic speckle
illumination[15,16] in a wide-filed fluorescence microscope.
We have previously developed a wide-field fluorescence
sectioning microscope using speckle illumination in imag-
ing thick samples[17]. Dynamic speckle patterns are pro-
duced by a fast translating diffuser for illuminating the
sample, and a series of fluorescence images are acquired
with a CCD camera. Optical sectioning is obtained from
the illumination pattern statistics. This technique has
been successfully used in optical sectioning of tissues[18].
In this letter, we report the development of a miniature
laser speckle fluorescence microscope (LSFM) that uses
a small diode-pumped solid-state (DPSS) laser and has
sectioning capability similar to a confocal microscope.
High contrast fluorescence sectioning images of bovine
pulmonary artery endothelial (BPAE) cells are obtained
with the setup, demonstrating its potentials in cell imag-
ing.

The schematic of the miniature LSFM is shown in Fig.
1. A DPSS laser is implemented in a standard wide-
field fluorescence microscope (Leica DMLB2). The out-
put wavelength of the laser is 473 nm. A diffuser, which
is mounted on a translating motor, is inserted into the
optical path. In this setup, granule size and transmission
of the diffuser are 120 and 70%, respectively. Gener-
ally, the lateral resolution is determined by the equation
d = 1.22λf/D, where λ is the wavelength, f is the fo-
cal length of the lens, and D is the spot size. In order
to obtain high spatial resolution, the back aperture of
the objective should be fully illuminated. The output of
the laser is expanded to a beam of about 2.5 mm in di-
ameter and then collimated before being incident on the
diffuser. The illuminated area of the diffuser is amplified
three times by lenses and then projected onto the back
aperture of the objective (40×, (NA) 0.65) to illuminate
the sample by speckle patterns. Dynamically changing

1671-7694/2010/100944-03 c© 2010 Chinese Optics Letters



October 10, 2010 / Vol. 8, No. 10 / CHINESE OPTICS LETTERS 945

speckle patterns are produced by translating the diffuser
using the step motor. A series of fluorescence images of
the sample are then acquired with a CCD camera, which
are then processed to reconstruct the sectioning image of
the sample using the following statistical image process-
ing algorithms[15]:

IRMS =
{

[

N
∑

i=1

(Ii − Ii−1)
2
)

]/2N
}1/2

, (1)

where IRMS is the root mean square of the series of ac-
quired images and is proportional to the fluorescence
intensity, N is the number of acquired images, i is the
image serial number, and Ii is the intensity of the ith
image. N is approximately 40−60.

In order to demonstrate the sectioning capability of
the miniature LSFM, and particularly its application
in cell imaging, we performed fluorescence sectioning
imaging of BPAE cells. The cells were stained with red-
fluorescent Texas Red-X phalloidin for labeling F-actin
and with mouse monoclonal anti-α-tubulin in conjunc-
tion with green-fluorescent BODIPYFL goat anti-mouse
IgG for labeling microtubules and blue-fluorescent DAPI
for labeling the nuclei. The laser power on the sample
was approximately 5 mW, and the exposure time of the
CCD camera was 100 ms. The step size of the motor
was 50 µm. A series of fluorescence images were acquired
for reconstructing the sectioning image at the focal plane.

Fig. 1. Schematic diagram of the miniature laser speckle
fluorescence sectioning microscope. L1−L5: lens; Dif: glass
ground diffuser; Obj: objective; BS: dichroic beam splitter;
F: filter; S: sample.

Fig. 2. Fluorescence sectioning of BPAE cells at different
depths d inside the cell slide. (a) d = 0, (b) d = 2 µm, and
(c) d = 4 µm.

Fig. 3. Comparison of imaging performance of the miniature
LSFM with that of LSCM and wide-field fluorescence micro-
scope. (a)−(c) Fluorescence images of BPAE cells obtained
using (a) LSCM, (b) miniature LSFM, and (c) wide-field
fluorescence microscope. (d) and (e) are the intensity profiles
along the lines in images (b) and (c).

Fig. 4. Fluorescence images of BPAE cells (a) at 520 nm and
(b) 620 nm. The images show the distribution of (a) F-actin
and (b) microtubules in the cells.

The sample stage was moved along the z axis at the step
size of 2 µm so that fluorescence images of BPAE cells at
different depths were obtained. Fluorescence images in
Fig. 2 clearly show the microtubules.

We then compared the imaging performance of the
miniature LSFM with that of confocal microscope and
standard wide-field fluorescence microscope. Figure 3
shows the images of the same stained BPAE cells ob-
tained using confocal microscope, the miniature LSFM,
and a wide-field fluorescence microscope. Figure 3(b)
clearly shows the structure of microtubules, which is sim-
ilar to the image obtained using a LSCM (Fig. 3(a)), and
sharper than the image obtained using wide-field fluores-
cence microscope (Fig. 3(c)). Figures 3(d) and (e) are
the fluorescence intensity profiles along the lines in Figs.
3 (b) and (c), respectively, which show that the image
Fig. 3(b) has a higher contrast than Fig. 3(c) does.

Two narrow band pass filters (520±13 and 620±13 nm)
were inserted into the optical path of the LSFM system
and a series of images were acquired. These images were
then used to reconstruct the depth sectioning images of
BAPE cells at two different emission wavelengths. As



946 CHINESE OPTICS LETTERS / Vol. 8, No. 10 / October 10, 2010

shown in Fig. 4(a), F-actin, which is corresponding to the
520-nm channel, mainly distributes near the cell mem-
brane and nuclear membrane area. Figure 4(b) clearly
shows the distribution of microtubules.

In conclusion, we focus on the development of a minia-
ture laser speckle fluorescence sectioning microscope and
its application to cell imaging. The system is based on
the redesign of a standard wide-field fluorescence micro-
scope. We use a 473-nm DPSS laser as the light source
which by illuminating a translating diffuser produces
speckle patterns at the back aperture of the microscope
objective to illuminate the cells. Fluorescence sectioning
is achieved by calculating the contrast of a series of flu-
orescence images. Experimental results with BPAE cells
show that this method provides a low cost and convenient
way of obtaining depth sectioning for cell imaging, as well
as its capability for multicolor imaging. Compared with
LSCM, the wide-field fluorescence sectioning microscope
presented in this work can obtain depth-resolved images
with similar lateral resolutions and depth discrimination
with a compact and cost-effective system, which makes
it potentially to be applied widely in biomedicine.
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