
Combining Raman spectroscopy with an optical trapping
microscope, CellTool created a technology for fast, 
non-invasive and label-free analysis of single living cells.

The BioRam® device is especially designed for biological and
medical applications. Therewith Raman spectra acquisition
becomes as easy as light microscopy and is no longer the
bugbear for biologists and physicians.

Whenever only small sample amounts are present or difficulties
arise with antibody-based markers, i.e. they are not specific
enough, not available at all or when cost matters, CellTool’s
Raman microscope is the tool-of-choice. Analyses with BioRam
are solely based on the interaction of laser light with
biomolecules. Thereby, all molecules within the focused laser spot
contribute to a Raman spectrum and provide information about
the metabolomic status of the cell. The resulting spectrum is as
unique and characteristic as a fingerprint for each cell and cell
state. This provides new insights into the development and
behaviour of cells and tissues, and enables online monitoring of
drug and toxin induced reactions. For reliable results, only 100
cells are required. There are no specific cell preparations needed
beforehand and analysis is done in less than an hour. Most
importantly, the analysed cells are not harmed at all and remain
viable for further applications or downstream analyses. 

Using BioRam, fixed or living cells in 2D and even 3D cell cultures,
or histological tissue sections, can be analysed to support cancer
diagnosis, facilitate stem cell identification, or assure the quality
of cell-based therapeutics. Due to its sophisticated setup, BioRam
includes an optical trap which ensures that specimens in solution
are captured within the laser focus during Raman analysis –
resulting in the most reliable spectra even of motile samples. In
addition, cells and particles can be moved and positioned using
this trapping effect.

A further advantage of the BioRam system is its versatility. Besides
biological specimens, Raman spectra can easily be taken from
solid matter and fluids such as supernatants, vaccines, mixtures,
scaffolds, etc.

Photons on duty for health
Raman-based cell and tissue analysis will sustainably impact 
cell-related research, development and manufacturing. Patients
will benefit through advanced diagnosis and individualised
therapy as well as through treatment with safe cell-based
products. In the pharmaceutical, cosmetic and chemical
industries Raman analysis of tissue models could lower R&D
costs and may help reducing animal testing.  

Due to BioRam’s ease of use and its highly specific single cell
analysis the number of applications is huge. In the following, four
of them are highlighted in more detail.

Sensitive in-process monitoring
Handling cell cultures is essential for many areas in research and
the biotech industry. Here it is of utmost importance to
continuously monitor cell quality and ‘fitness’ (functionality).
Currently, most cell analysing methods depend on utilisation of
time and cost intense antibody labelling and/or require large cell
amounts (more than 100,000 cells). In addition, most of them
are so-called ‘endpoint analysing’ tests destroying the cells and
hindering continuous observation or further use. 

If the process requires immediate in-line results, BioRam provides
fast and reliable information about your cells, their behaviour and
development. As an example, we could discriminate
apoptotic/necrotic and viable control cells. The accuracy of
Raman-based cell discrimination was 99.7% viable versus dead
cells, and 92.3% between cell states. Our results were confirmed
by flow cytometry and fluorescence microscopy. In addition,
BioRam showed the influence of different culture media as well as
the impact of hypoxic conditions on cell development, but also
the effect of different activation as well as differentiation agents.
We could even identify substances in the supernatant secreted
from cells in different experimental set-ups and stages.

Efficient on-site quality control of cell products
Biotech companies handle living cells during their manufacturing.
This biologic production requires high frequency quality assurance
and control. However, due to the specific requirements during the
processes, time, as well as the number of cells, is often limited to
analyse intermediate products. This in many cases restricts
traditional cell analysing methods. In addition, quality assurance
of 3D tissues can be a special challenge as microscopic

CellTool’s BioRam® uses Raman microscopy for single cell analysis even in 3D
tissues and fluids, avoiding expensive antibodies and preserving cells’ further usage
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Table-top BioRam® device with intuitive GUI



resolution is mostly insufficient, and penetration depth of staining
molecules is limited. 

As stated above, BioRam provides the spectral data of cells within
seconds and thereby ensures fast quality control. In addition, it
provides scanning functions to cover large 3D volumes up to
500µm in depth. This we could already show with engineered skin
grafts, whereat BioRam enables cost and time savings compared
to FACS and DNA count. In addition, we could detect and quantify
cell transfection in retina pigment cells and monitor quality of
blood products over time.

Early diagnosis of cancer and disease 
Current cancer diagnosis methods use either relatively
insensitive spectroscopic devices or depend on the accuracy of
biopsies. In addition, biomarkers for tumour characterisation
and staging are often not specific or reliable enough for taking a
life threatening decision.

BioRam analyses tumour cells and tissues from biopsies and
tissue sections in a comparatively inexpensive manner, providing
fast and reliable results. For example, we identified biomarkers
enabling staging of prostate cancers inside tumour and stroma.
This could avoid multiple biopsies or speed up cancer diagnosis
enabling early and individualised treatment. 

Besides cancer diagnosis, BioRam allows the identification of
pathogens and infected cells. This opens the possibility for
disease control, fast characterisation of the source of infection or
individualised testing of pathogen resistance. Until now, we were
able to discriminate bacterial strains and subtypes, and could
identify bacterial and viral infection within human immune cells.
First experiments in neurodegenerative medicine hint that Raman
analysis could help to understand neuron and glia cell activation
or detect diseases such as Alzheimer’s or Parkinson’s.

Fast detection of toxicity 
Toxicity tests are a mandatory requirement by the authorities. The
tests often require animal experiments, which should, according to
the government, be kept to a minimum – a challenge for
pharmaceutical and cosmetic manufacturers, biomedicine and
chemical industry. Today, human tissue and organic cell cultures
are used alternatively to cover this item. However, their analysis is
complicated and time consuming. 

Sensitivity or toxicity testing is another option available from
CellTool's BioRam. We could monitor the reaction of tumour cells
on Herceptin and cell apoptosis after doxorubicin treatment. In
combination with microwells, BioRam provides the opportunity

to monitor even kinetics of single cell reactions after drug or
toxin application.  

Get started, check your cells in our service lab.
CellTool has established a service lab for demonstration and
proof-of-concept measurements, contract work and research
collaborations. Your living samples can be grown in our cell culture
lab. Our expert team supports you with comprehensive biological
knowhow and will provide dedicated Raman spectra analysis
algorithms for the best results.

In summary, BioRam offers versatile applications in 2D and even
3D setups:
■ Monitoring cell reactions on drugs and toxins;

■ Following individual cells over time;

■ Get spectra of motile specimen;

■ Assessing stem cell differentiation;

■ In-process quality control during manufacturing;

■ Detection of cellular infection;

■ Tumour diagnosis;

■ Investigation of cell supernatants; and

■ Analysis of hard matter such as powders, matrices 
and scaffolds.

Our customers state that they are saving time and money with
every BioRam analysis.
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Schematic BioRam® analysis setup. Table-top BioRam device with intuitive GUI (A). Engineered skin sample containing keratinocytes and
fibroblasts (B) is placed in the BioRam device and Raman spectra from individual cells are acquired (C). Mean Raman spectra of keratinocytes and

fibroblasts (D) reveal differences between the cell types. Subsequent Principal Component Analysis (PCA) data depict that Raman analysis can
clearly discriminate cells (E)
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