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Confocal Raman Imaging in Life Science - Living Cells, Bacteria & Tissues

Fig. 2 shows the integral intensity of the
CH-stretching band as indicated by the blue
rectangle in fig. 3 which shows one of the
10 000 spectra, acquired with an integration
time of 100 ms.  According to literature data,
proteins and lipids can be identified by
particular Raman bands.
In order to optimize the signal to noise ratio
of the Raman images, a software tool
performs a “fit procedure”: From a small region
of interest, a “basic spectrum” is generated
by averaging all spectra in this particular
region. This basic spectrum can be fitted to
the measured spectra of the complete
measurement,  resulting in an optimized
image.
The three spectra in Fig. 4 represent basic
spectra of different regions of the cell with
their corresponding images.

The blue spectrum corresponds to the
mitochondriae.  The green spectrum is the
generated basic spectrum of the ER region
(endoplasmatic reticulum). The basic
spectrum of the nucleoli region is shown in
red.
To distinguish the  components of the cell, the
three images generated by the fit procedure
were illustrated with different colors and
combined in one image (Fig. 5). The blue
features represent the mitochondriae and the
red areas show the nucleoli inside the
nucleolus. The endo-plasmatic reticulum and
other different parts of the cell are clearly
visible. Even the nuclear membrane is well-
defined. Using this method, a “color-labelled”
image can be created without dyeing the
sample.
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Fig. 4: Determination of "basis spectra with corresponding images

Living Cells

To study living cells in their physiological
surroundings without damaging them is a
highly sought after capability in life science.
The alpha300 combines such a nondestructive
method with the cabability to identify
chemical components inside a cell.

In this experiment, epithelial rat cells were
investigated with the Spectral Imaging Mode
of the alpha300 R. A spectrum at every pixel
was taken (Scan Range: 40 x 40µm, 100 x 100
pixel,  10 000 spectra) using a 60 x Nikon
(NA=1.0) water objective. The sample was
excited with a 10 mW power  532 nm
frequency doubled Nd: YAG laser.
Using the integrated video camera, a suitable
cell was found (Fig. 1). The Raman image in

Fig. 1: Video Image Fig. 3: One of the 10, 000 spectraFig. 2: Intensity in the CH-
stretching band (2800/cm-
3000/cm)

Samples courtesy of Dr. Angelika Rück, ILM, Ulm, Germany
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Fig. 5: Color-coded image of the different regions of the
cell.
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storage molecule that can be detected with
Raman spectroscopy. In this experiment a
Raman image was acquired with a scan range
of 25x25 µm. Fig. 1 shows the resulting color-
coded Raman image. The blue area
corresponds to the integral intensity of the
C=O ester stretching band at 1726/cm. The red
area depicts the cell body imaged using the
protein amide I band at 1662/cm. The
corresponding Raman spectra are shown in
Fig. 2. The Raman image clearly reveals that
the bacteria cells can contain different levels
of PHB. Cells that contained little or no PHB
could be discriminated from cells with a very
high concentration.

Bacillus Cereus
In a second experiment Raman Imaging was
performed on Bacillus Cereus. This strain is

also able to produce PHB as a storage material,
accumulating it as intracellular granules. Fig.
3 shows the video image indicating the region
where the Raman image was acquired, which
is shown in Fig. 4. The Bacullus strain used
here is also able to form three different cellular
components which can be observed in the
Raman image: Vegetative cells without PHP
(yellow) and vegetative cells incorporating
traces of PHB (green). Additionally, Bacillus
Cereus can form spores after entering the
stationary phase of growth and accumulation
of PHB. In the Raman image four spores can
be seen at the right edge of the chain
(magenta). The fact that all three components
can be detected together highlights the
diagnostic power of Confocal Raman Imaging
for identifying phenotypic heterogeneity at a
single cell level.
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Bacteria

It has been reported that Raman Microscopy
can be used to classify bacteria by their
individual Raman spectra down to the sub-
strain level. A high-resolution Raman imaging
system also allows a single bacterium to be
evaluated for metabolic products or drug
detection inside the bacterium or to
distinguish the intra- and inter-cellular
heterogeneity. In the following study,
Legionella Bozemanii and Bacillus Cereus are
investigated with an alpha300 R Confocal
Raman Imaging system at the single cell level.

Legionella Bozemanii
Legionella strains can produce Poly-ß-
hydroxybutyric acid (PHB) in response to
physiological stress, which serves as an energy

Fig. 1: Raman Image of Legionella Bozemanii

Fig. 3: Vido image of Bacillus Cereus Fig. 4: Raman Image of Bacillus Cereus as indicated in Fig. 3. Vegetative cells (yellow), PHB
(green), spores (magenta).

Fig. 2: Corresponding Raman spectra:  Red: Vegetative cells (red) and PHB (blue).

Images courtesy of Dr. Antje Hermelink, Robert-Koch-Institute,
Berlin, Germany; Further reading: Hermelink et. al., Analyst,
2009, 134, 1149-1153
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height at selected spots. These values can then
be used to adjust the focus accordingly over
the complete scan range. With the alpha500,
bleaching and tilt compensation can be
achieved by performing a programmable
large-area scan.
In the following study a hamster brain cross
section is moved under the laser beam and
the focus position is set using the values from
the predefined tilt compensation. At each
image pixel a pre-bleaching sequence of 2 s
is executed before the Raman spectrum
acquisition which took 1 s.

In Fig. 1 a video image of the complete brain
cross section can be seen. Fig. 2 shows the

corresponding Raman image after evaluating
the integral intensity of the CH-stretching
band (a) and its center of mass (b), respectively.
A second large-area scan was performed at
the area indicated in Fig. 1. The results are
depicted in Fig. 3 - 5 showing different images
of the gray and white brain matter of that
region with the corresponding spectra. This
can be achieved by evaluating the Raman
imaging data in more detail.

Following the large-area scans a high
resolution zoom-in image was acquired at the
position indicated in Fig. 3, revealing
differences in the chemical properties on the
sub-micron scale. (Fig. 6 a+b)
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Tissues

a) Programmable Large Area Scan - Hamster
brain cross section

For Raman large-area scanning on biological
tissues one quite often faces a variety of
obstacles. For example, fluorescence might
influence the quality of the Raman spectra or
the sample might not be entirely flat over the
complete scan range. In order to reduce the
fluorescence, a bleaching sequence before
acquiring the Raman spectra sometimes
eliminates the fluorescence signal. To correct
for insufficient sample flatness or tilt, one
approach can be to measure the sample

Fig. 1: Video Image Fig. 2: Raman Images of the complete brain cross section;
(a) Intensity of the CH-stretching band (2800/cm-3000/cm)
(b) Center of Mass of the CH-stretching band

Fig. 3: Raman image of the gray (green) and white (red)
brain matter as indicated in Fig. 1.

Fig. 5: Detailed evaluation of the gray (left) and white (right)
brain matter using further characteristic spectral features
of the individual material.

Fig. 6: Zoom-in image at the border position between gray
and white brain matter as indicated in Fig. 3. It shows the
sub-micron differentiation of chemical properties of the
brain material.

(a) (b)

Fig. 4: Raman spectra of the gray (green) and white (red)
brain matter used for the image generation as shown in
Fig. 3.

(b)

(a)

Samples courtesy of Dr. Peter Lasch, Robert-Koch-Institute, Berlin, Germany
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In the following study untreated
histopathological breast cancer tissue was
investigated with the WITec alpha500
Confocal Raman Microscope using its large-
area scanning capabilities. Fig. 1 shows an
overview video image of the sample. Based
on this image, the scan ranges for the Raman
imaging scans can be selected as indicated
by the rectangles. The first large-area scan
(red rectangle) was acquired in order to obtain
an overview Raman image of the tissue
sample followed by a second large area scan
(green rectangle) at the area with potentially
carcinogenic tissue. Fig. 2 - 4 show the
resulting Raman Images and corresponding
spectra. The imaging parameters for the first
large-area scan are 10.2 mm x 9.7 mm, 150 x
150 pixel (= 22,500 Spectra). The scan range

of the second scan was 4.85 mm x 4.00 mm
and 150x150 pixels. Focusing on Fig. 4 reveals
differences in the chemical composition of
the tissue. Especially the tissue in the areal
indicated with the orange area shows clear
differences in the spectral characteristics (no
red spectrum detectable). Using staining
techniques (results not shown here) it could
be shown that the carcinogenic tissue is
located exactly at this area of the image. This
results suggest, that a differentiation of
healthy and carcinogenic tissue with Raman
Imaging can be possible.
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b) Histopathological human breast cancer
tissue

For histopathological diseases or cancer
detection, Raman imaging is considered to be
a potential alternative for the currently used
techniques, which require staining of the
biopsy tissue before the manual microscopic
investigation. As Raman imaging is a label-
free characterization method for the sample’s
compounds, it is well-suited to generally
accelerate the detection process or to establish
automated and more reliable detection
procedures. However, extended basic research
must still be made in order to achieve clinical
relevance for Raman imaging as a standard
method for diagnosis.

Fig. 1: Video Image of the unstained breast cancer tissue

Fig. 4: Large-area scan II (green rectangle in Fig. 1). The
orange area indicates the location of the carcinogenic
tissue.

Fig. 2: Large-area scan I (red rectrangle in Fig. 1) Fig. 3: Basis spectra used for image generation for the
images in Fig. 2 + 4


