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BioRam – 

Raman spectroscopy for single cells

3KRWRQLF�¿QJHUSULQWLQJ®
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BioRam offers physicians, pharmacists and 
biologists uncomplicated access to the world 
of Raman spectroscopy. The innovative 
combination of microscopy, Raman spectroscopy 
and specially tailored software allows single cells 
WR�EH�LGHQWL¿HG�DQG�DQDO\VHG�VLPSO\�DQG�ZLWK�
a high degree of precision, without the need for 
ELRFKHPLFDO�PDUNHUV��ÀXRUHVFHQW�ODEHOV��DQWLERGLHV�
or beads – absolutely safe for living cells.

This opens up completely new possibilities. 

BioRam: Identifying and characterizing single cells without labelling

With BioRam you can now:

 l  Identify cell types and activity states without labelling and 
      under physiological conditions��HYHQ�LQ�ÀXLGV

 l  Distinguish different stem cell types or determine their differentiation stage

 l  Identify�FHOOV�WR�D�KLJK�GHJUHH�RI�VSHFL¿FLW\��HYHQ�WKRVH�WKDW�FDQQRW�FOHDUO\
������EH�GH¿QHG�E\�VXUIDFH�PDUNHUV�RU�ZKHUH�PDUNHUV�VLPSO\�GR�QRW�H[LVW�

 l �,GHQWLI\�ZLWK�KLJK�VHQVLWLYLW\�H[WUHPHO\�rare cells in human samples

 l  Work with minimal sample volumes

 l �6RUW�FHOOV�DIWHU�DQDO\VLV�ZLWKLQ�VSHFLDOO\�GHYHORSHG�ÀXLGLF�FKLSV

 l  Reuse the cells after analysis in their original condition – without interference  
      from biochemical labelling, or due to physical stress, e.g. shear stress.

 l  Monitor and document cellular processes in cell and tissue cultures

      – contact-free and even during the production process

 l  Investigate the interactions between cells and active substances in cell cultures.

The key to success: Pure cell populations – unaltered and viable
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7KH�3ULQFLSOH��,GHQWLI\LQJ�FHOOV�IURP�WKHLU�ELRSKRWRQLF�SUR¿OH

BioRam is based on the Raman effect: when a 
PROHFXOH�LV�H[FLWHG�E\�ODVHU�OLJKW��D�VPDOO�IUDFWLRQ�
of the light is scattered with a shift in frequency 
compared to the incident light. This frequency 
shift LV�KLJKO\�VSHFL¿F�IRU�WKH�PROHFXOH�XQGHU�
observation – as characteristic as a ¿QJHUSULQW. 
In materials science this principle has been used 
successfully for the contact- and destruction-free 
characterization of materials.
In biology, the potential of Raman spectroscopy 
KDV�DOVR�EHHQ�FRQ¿UPHG��VHYHUDO�UHVHDUFK�WHDPV�
have independently shown that the Raman 
spectra of all the biopolymers in a cell form 
clearly recognisable clusters according to cell 
type, activity state and differentiation state. Cells 
FDQ�EH�LGHQWL¿HG�RQ�WKH�EDVLV�RI�WKHVH�FOXVWHUV��
using a software-based, automated database 
comparison. In contrast to other methods involving, 
IRU�H[DPSOH��3&5�RU�ODEHOOLQJ�WHFKQLTXHV��FHOOV�
PD\�EH�IRXQG�ZKLFK�ZHUH�QRW�H[SOLFLWO\�EHLQJ�
VRXJKW�DIWHU�XVLQJ�GH¿QHG�PDUNHUV�RU�VHTXHQFHV��

In order to apply Raman spectroscopy to the 
routine analysis of biological samples, it has 
been necessary to solve particular technical 
challenges.
%LRORJLFDO�VDPSOHV�RIWHQ�HPLW�ÀXRUHVFHQFH�ZKLFK�
interferes with their weak Raman signals. 
Furthermore, a tolerable wavelength and optimal 
physiological conditions during measurements 
are also required to preserve cell viability. In 
cooperation with the University Würzburg, De-
partment Tissue Engineering und Regenerative 
Medicine, CellTool has met these challenges. With 
%LR5DP�&HOO7RRO�SUHVHQWV�WKH�¿UVW�robust and 
reliable system for Raman spectroscopy specially 
designed for the requirements of biologists, phar-
macists and physicians and that can be operated 
intuitively.

Raman spectra from amino acids (1)
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The system: Adapted to living cells

BioRam is an integrated platform.
The basic version comprises the following components:

 l  High-end microscope in a creative design that also enables all classical microscopic     
������WHFKQLTXHV��EULJKW�¿HOG��ÀXRUHVFHQFH��HWF�

 l  Chamber for living biological samples – temperature-controlled
      and protected from contamination

 l  785 nm Raman laser – the optimal wavelength for biological samples: not damaging
      to cells, minimally absorbed by aqueous solutions, minimal interference effects

 l  Elements for laser – beam guidance – HI¿FLHQW, safe and stable

 l  Spectrograph, detection range -100 to 3,400 cm-1 with ultra-sensitive CCD camera

 l  PC or Mac with innovative software for automated system control (including
      motorized microscope table, laser control, shutter, interlock system and individually 
������FRQ¿JXUDEOH�XVHU�LQWHUIDFH��

 l  Spectrum editing tool and multivariate data analysis for the evaluation of results and 
������IRU�WKH�LGHQWL¿FDWLRQ�RI�VSHFWUDO�GLIIHUHQFHV�LQ�WKH�GDWD

Zelle im Raman-Laser Fokus



BioRam by CellTool   |   November 2012   |   All rights reserved   |   Contact: Dr. Karin Schütze  |  www.celltool.de  |  +49 8158 90640 10   |   Page 5

The measurement technique: Just get going

Samples can be used without special preparation, 
either as living tissue or in aqueous solution on 
Raman-compatible slides. Alternatively, cells 
can be analysed directly in culture medium in 
5DPDQ�FRPSDWLEOH�SHWUL�GLVKHV�RU�PLFURÀXLGLF�
chips. A 3D-mouse is used to home in on the 
cells to be investigated, and the automatic 
generation of the Raman spectra is started with 
a mouse click.

Coordinates for further measurements can be 
saved and returned to later. The generated 
spectra are analysed by special algorithms and 
WKH�FHOOV�LGHQWL¿HG�E\�database comparison. At 
the same time, live images, raw data and all 
parameters for the microscope and laser settings 
are also saved for subsequent checking of the 
measurements and for further analyses.
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No limit to cell viability 
                           and culturability
,Q�FRQWUDVW�WR�FHOO�LGHQWL¿FDWLRQ�ZLWK�)$&6�RU�
MACS, cells analysed by BioRam remain viable 
and are unchanged by the procedure – with no 
need for magnetic beads, biochemical markers 
RU�ÀXRUHVFHQW�ODEHOV��7KH�FHOOV�DUH�IXOO\�FXOWXUDEOH�
DQG�DYDLODEOH�IRU�IXUWKHU�H[SHULPHQWV��,Q�WKLV�ZD\��
cancer cells could be further characterized or 
their interactions with various active substances 
analysed directly [1]. 
BioRam’s applications range from biological 
research to clinical practice, e.g. for the support 
RI�SDWLHQW�VSHFL¿F�WKHUDSHXWLF�GHFLVLRQV�

Raman spectra of different blood cells

The potential: Rapid, exact analysis and new applications

%LR5DP�LQWURGXFHV�D�SDUDGLJP�VKLIW�LQ�WKH�LGHQWL¿FDWLRQ�DQG�VRUWLQJ�RI�FHOOV�
Raman spectroscopy has clear advantages over conventional methods and offers previously unimagi-
nable opportunities.

Clear results,
          even in liquids
1RW�DOO�FHOOV�DUH�FOHDUO\�LGHQWL¿DEOH�RQ�WKH�EDVLV�
of surface markers. For the characterization of 
these cells – especially when comparing cancer 
cells with healthy cells, or stem cells with 
differentiated cells – Raman spectroscopy is 
superior to other methods. 
The technique generates unequivocal results, 
e.g. for erythrocytes, leukocytes, acute myeloid 
leukaemia cells or breast cancer cells [2, 3]. This 
HQDEOHV�SDWKRJHQLF�EORRG�FHOOV�WR�EH�LGHQWL¿HG�
TXLFNO\�DQG�UHOLDEO\�LQ�XQ¿[HG�tissue or biopsy 
material for medical diagnosis. Similarly, stem 
cells can be isolated from peripheral or cord 
blood and may be used in their native state for 
research or therapies.
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Typical Raman spectra of human cells and illustration of cluster

The BioRam system now allows cultured tissues 
to be analysed non-invasively – this represents a 
huge advantage over common histological, 
immunohistochemical and biochemical methods 
that all involve the destruction and processing of 
WKH�WLVVXH��)RU�H[DPSOH��LQ�DXWRORJRXV�FDUWLODJH�
transplants the viability and purity of chondrocytes 
and their differentiation state were tested with the 
aid of Raman spectroscopy [4].
/LYLQJ�KXPDQ�VNLQ�¿EUREODVWV��NHUDWLQRF\WHV��
melanocytes and immortalized keratinocytes have 
DOVR�EHHQ�LGHQWL¿HG�LQ�D�rapid contact-free procedure 
with no loss in cell viability [5]. 
In a culture of mesenchymal stem cells, a 
FRQWDPLQDWLRQ�ZLWK�VWURPDO�¿EUREODVWV�KDV�EHHQ�
demonstrated with a high degree of VSHFL¿FLW\ 
[6]. This opens up many possible applications, for 
H[DPSOH�LQ�PRQLWRULQJ�DQG�TXDOLW\�FRQWURO�LQ�cell 
culture and tissue engineering.

The potential: Fast and non-destructive analysis, even in tissues

Graft from autologous cartilage biopsy material
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A network of experts:
Sharing and developing knowledge 

CellTool’s BioRam is a targeted, intuitive system 
for biological, pharmaceutical and medical scien-
tists and practitioners. To unlock the potential of 
Raman spectroscopy for biomedical applications, 
we work closely with physicists, programmers, 
biologists and physicians – internally and 
H[WHUQDOO\��:H�FRRSHUDWH�ZLWK�leading research 
teams worldwide, and rely on an open dialogue with 
our customers. Not only do we offer a thorough 
introduction to the system and on-going support, 
but we also organize frequent seminars to dis-
FXVV�H[SHULHQFHV��VKDUH�NQRZOHGJH�DQG�LQLWLDWH�
new developments.

A modular structure:
             Greater possibilities
In cooperation with our partners, we develop 
additional modules and components for the Bio-
5DP�V\VWHP�VSHFL¿FDOO\�GHVLJQHG�IRU�diverse 
applications.
These include a system for Raman-based 
pathological appraisals, a device for sterility testing 
in liquid samples, and a “workstation” device 
for combining Raman spectroscopy and laser-
micromanipulation in order to differentiate cells, 
when this is not possible by Raman spectroscopy 
alone. In addition we offer Raman-compatible 
supplies such as slides, petri dishes and ÀXLGLF�
chips.
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CellTool: The Team

Dr Karin Schütze�LV�D�ELRORJLVW�DQG�H[SHUW�LQ�QRQ�FRQWDFW�
cell handling and enrichment based on innovative pho-
tonic technologies. As cofounder and head of the former 
3$/0�FRPSDQ\�VKH�KDV�H[SHUWLVH�LQ�GHYHORSLQJ�FRPSOH[�
photonic systems into easy-to-handle tools. Her specia-
lity is cell research using biophotonic methods and the 
development of dedicated application protocols.

Dr Rainer Gangnus graduated as biologist and is additio-
QDOO\�TXDOL¿HG�DV�H[HFXWLYH�0DVWHU�RI�%XVLQHVV�0DUNHWLQJ��
$IWHU�VHYHUDO�\HDUV�DV�VFLHQWL¿F�VDOHV�VXSSRUW�LQ�WKH�3$/0�
Application Lab he changed to product management at 
Carl Zeiss responsible for the strategic development of 
the PALM systems.
At CellTool he is in charge of the sales and application 
support and the strategic marketing activities. 

Raimund Schütze is a master in goldsmith and studied 
several semesters in mathematics and physics as well as 
electrical engineering. He was cofounder and General Ma-
QDJHU�RI�WKH�IRUPHU�3$/0�FRPSDQ\��+LV�RSHUDWLQJ�H[SHUL-
ence and technical skills are fundamental to the precision 
and functioning of the CellTool systems.
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CellTool: The Company

CellTool is a company that develops, manufactures and distributes 
innovative systems for non-contact and marker-free recognition, 
quantitative characterization and gentle sorting of living cells based on 
Raman spectroscopy.

CellTool systems are especially designed to meet the requirements
RI�ELRORJLVWV�DQG�SK\VLFLDQV��7KH\�DUH�H[WUHPHO\�XVHU�IULHQGO\��&HOO�
handling and cell measurements are highly automated. In combination 
ZLWK�LQQRYDWLYH�PLFURÀXLGLFV�FHOOV�FDQ�EH�FKDUDFWHUL]HG�LQ�D�SK\VLRORJLFDO�
environment keeping them viable for downstream applications. Capa-
ELOLWLHV�DUH�IDVW�GLDJQRVLV��SDWLHQW�VSHFL¿F�GUXJ�VFUHHQLQJ�RU�LQGLYLGXDO�
cell therapy.

Contact
CellTool GmbH
Am Neuland 1
82347 Bernried
Germany

Phone: +49 8158 90640 10
)D[������������������������
E-Mail: info@celltool.de
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BioRam - 

Raman spectroscopy for single cells

3KRWRQLF�¿QJHUSULQWLQJ®

l BioRam is an innovative combination of microscopy, 
Raman spectroscopy and data analysis for biological 
and medical applications.

l With BioRam you can investigate all kinds of mic-
ro- organisms, cell-lines, primary cells and tissues 
without labelling and under physiological conditions.

l %LR5DP�HQDEOHV�LGHQWL¿FDWLRQ�RI�UDUH�FHOOV�LQ�KXPDQ�
VSHFLPHQV�ZLWK�KLJK�VSHFL¿FLW\�

l No shear forces, no physical stress, small sample 
volumes – the cells remain viable for downstream 
applications.

l Easy access to high information density of Raman 
spectra from biological specimen, optimized and 
adapted to the needs of biologists, medical scientists 
and physicians.


