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Aim
The workshop is intended to bring together scientists using and developing infrared and Raman
spectroscopic techniques for the analysis of microbial, plant, animal or human cells, tissues, and
body fluids. Following the lines of our former workshops in Berlin, a major point of discussion
will be FT-IR applications in medical and other fields of microbiology. The aim of the meeting
is also to facilitate the exchange of ideas, practical problem solutions and experiences.
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Abstracts of the lectures

Strain typing by FTIR spectroscopy as a tool in food microbiology
Mareike Wenning
Abteilung Mikrobiologie, Zentralinstitut für Ernährungs- und Lebensmittelforschung
(Z I E L) Weihenstephan, Technische Universität München, Weihenstephaner Berg 3,
85350 Freising, Germany
Use of FTIR spectroscopy in microbiology has largely been focused on microbial
identification which is the most extensively studied application. However, the information
content of FTIR spectra offers a lot more perspectives than species identification. The spectra
are in many cases strain-specific and allow the differentiation and subtyping of
microorganisms below the species level [1, 2], which is particularly useful for different
applications in food microbiology.
If the biodiversity of particular floras is analysed, hierarchical cluster analysis of FTIR spectra
can reveal whether only one or more strains of a species are present in a sample or whether
the same strains occur in different samples. The possibility to type organisms down to the
strain level is furthermore helpful in the analysis of contamination routes in the food industry,
where contaminants have to be matched with isolates of potential contamination sources. This
is particularly important for elucidating whether a case of contamination lies in the
responsibility of the producer or a supplier. If contamination with particular species occurs
frequently and no responsibility of suppliers can be found, typing of FTIR spectra can reveal
whether it is always the same strain which would lead to the assumption of a persistent
contamination source. Stepwise analysis of the production process is then needed in order to
find the source of contamination.
FTIR spectroscopy is an exceedingly interesting technique for such purposes as it offers the
possibility to identify and subtype bacteria simultaneously using the same technology. In
addition, it is easy to use and can therefore be carried out by lab personnel without special
training, as all alternative techniques are based on molecular biology.
References
[1] N.R. Büchl, M. Wenning, M. Hutzler, H. Mietke-Hofmann and S. Scherer, Differentiation of probiotic and
environmental Saccharomyces cerevisiae strains in animal feed. J Appl. Microbiol. 109, 783-91 (2010).
[2] M. Wenning, N.R. Büchl and S. Scherer, Species and strain identification of lactic acid bacteria using FTIR
spectroscopy and artificial neural networks. J Biophoton 3, 493-505 (2010).

Source tracking of food spoilage moulds and yeasts by FTIR spectroscopy
V. Shapavala , T. Møretrøa, H.P. Susob, A. Wold Åslia, U. Böckera,
J. Schmittd, A. Kohlerc,a
a

Nofima, Osloveien 1, 1430 Ås, Norway
b
Elopak AS, Spikkestad, Norway
c
CIGENE – Center for Integrative Genetics, Department of Mathematical Sciences and
Technology (IMT), Norwegian University of Life Sciences, 1432 Ås, Norway
d
Synthon GmbH, Heidelberg, Germany
Food industry is continuously on the look-out for new techniques for yeast and mould
identification and source tracking. In particular, mould identification is difficult with current
technologies, which mainly rely on visual identification. There are certain disadvantages
involved in identification by visual identification: First of all, it results in a quite unspecific
identification of moulds, secondly, it requires experienced staff and finally it is timeconsuming. Genetic methods do not represent good alternatives since they cannot be applied
to a broad spectrum of mould strains as they appear in juice production or in the food industry
in general.
FTIR Spectroscopy has a clear potential to overcome the drawbacks of conventional
technologies. We have during recent years developed high-throughput cultivation and sample
preparation protocols for rapid FT-IR identification of yeasts and moulds [1] . The protocols
are based on (1) micro-cultivation of 200 samples in parallel, (2) a partially automized liquid
handling step and (3) subsequent high-throughput FTIR measurements. The aim of the
present study was to test and validate the developed FT-IR high-throughput protocols for the
identification of food spoilage moulds and yeasts. Spectral libraries have been built for strain
collections covering food spoilage yeasts and moulds containing 59 strains of in total 11
fungal species and 97 strains of in total 22 yeasts species. All these strains were isolated from
different trouble shooting incidents in the food production.
Artificial neural networks (ANNs) were used to identify the strains on both species and
genus level. The ANN-based FTIR identification models were validated based on two
independent experiments, performed by two different operators. The high-throughput
protocols for yeasts and moulds show a high discrimination power on species and genus level.
Another asset of the developed protocols is that they allow cultivation on concerted
liquid media. In order to validate the potential of an increase in discrimination power by the
use of different media, the study on yeasts was performed on 5 different cultivation media and
the discrimination power of each of the media was tested.
References
[1] Shapaval, V., T. Møretrø, H.-P. Suso, A. Wold Asli, J. Schmitt, D. Lillehaug, H. Martens, U. Böcker and
A. Kohler, Journal of Biophotonics 3 (8-9), 512-521 (2010).

Burkholderia contaminans in cystic fibrosis: FT-IR spectroscopy-based study of
phenotypic variation and diversity among isolates in long-term infection
P. Martina1, M. Bettiol2, C. Vescina2, P. Montanaro3, C. Vay4, D. Naumann5,
J. Schmitt 6, O. Yantorno1, A. Lagares7 and A. Bosch1
1

CINDEFI, CONICET CCT-La Plata, Center of Applied Biotechnology, UNLP, Argentina;
Hospital de Niños de La Plata; 3 Hospital Santísima Trinidad de Córdoba; 4Hospital de Clínicas,
Buenos Aires; 5Robert Koch Institute, Berlin, Germany; 6Synthon GmbH, Heidelberg, Germany;
7
IBBM- Instituto de Bioquímica y Biología Molecular, CONICET, CCT-La Plata, UNLP,
Argentina

2

Burkholderia cepacia complex (Bcc) species are capable of causing chronic and often severe respiratory
tract infections in cystic fibrosis (CF) patients. Among the 17 Bcc species currently described, a high
prevalence of B. contaminans (80 %) followed by B. cenocepacia is observed in Argentina1.
The excessive production of thick, sticky mucus in CF patients clogs their airways providing an
environment in which bacteria thrive. This environment, characterized by a heterogeneous distribution of
nutrients, exposure to host immune response, and continuous therapeutic antibiotic treatments, makes
bacteria face continuous adaptive challenges. In P. aeruginosa the genetic adaptations leading to
phenotypic variation that occur during long-term CF lung infection are very well characterized2. In
contrast, the diversity due to Bcc bacterial persistence in CF lungs is mostly unknown.
The aim of the present work was to get insights into the genetic and phenotypic diversity of B.
contaminans long-term infection in CF patients using PCR-BOX fingerprinting and FT-IR based
technologies.
We analyzed 65 Bcc isolates recovered in a 7-year -period (2004-2010) from serial sputum cultures of 21
CF chronic patients attending at 3 CF treatment centers in Argentina. Clinical isolates were identified by
recA-PCR sequencing and recA-RFLP-HaeIII restriction analysis, and genotyping by BOX-PCR
fingerprinting. Phenotypic diversity among B. contaminans isolates was analyzed by FT-IR spectroscopy
applying a hierarchical cluster analysis used as an explorative technique without any a priori class
assignment. Cultivation conditions, sample preparation, and spectrum measurement parameters were
previously reported3.
In 8, out of 21 chronic patients studied, we isolated more than one Burkholderia species along the course
of the respiratory infection, accounting either for species replacement or co-infected patients. In the
remaining 13 patients we could identify only B. contaminans isolates along the chronic infection. For
these latter patients, 9 different BOX subtypes were found among their isolates recovered during the first
years of our surveillance (2004-2007). However, from 2007 on, the genotypic diversity decreased and
only 2 Box subtypes were found. In contrast to this genotyping diversity evolution, FT-IR results showed
for the same population, 17 different spectral types which changed and kept diversity along the whole
period of our study.
Up to our knowledge our results represent the first evidences of phenotypic diversification in B.
contaminans long-term infections. As reported for P. aeruginosa, this would represent a specific bacterial
adaptation to the hostile and changing CF lung environment that allows long-term persistence2. The
understanding of Burkholderia adaptation might facilitate the identification of novel targets for better
treatments of chronic infectious in CF patients.
References
[1] Miñán et al., Analyst 134, 1138–1148 (2009).
[2] Smith, et al., Proc Natl Acad Sci USA 103, 8487–8492 (2006).
[3] Bosch et al., J Clin Microbiol 46, 2535–2546 (2008).

The SpectraCell RA bacterial strain analyzer
Gerwin Puppels, Tom Bakker Schut, Diana Willemse-Erix, Kees Maquelin
River Diagnostics B.V. Marconistraat 16, 3029 AK Rotterdam, The Netherlands, and
Erasmus-university Medical Center Rotterdam, The Netherlands
Raman spectroscopy has been used to develop a quick and easy-to-use alternative to cumbersome
genotyping methods for bacterial typing.
The immediate incentive for this development is the enormous burden of healthcare acquired
infections, which affect 5-10% of the patients who are admitted to a hospital, and which form an
enormous drain on resources in our healthcare systems.
Comparison of the prevalence of healthcare acquired infections in different countries makes clear
that they are not something one just has to learn to live with. A significant portion can be
prevented.
One important element is to understand how pathogens are transmitted in a hospital. This requires
bacterial typing, for which until now no suitable routinely applicable high throughput technology
was available. SpectraCell does make this possible.
In this presentation the SpectraCell technology will be highlighted and will be illustrated with
typing examples.

Culture-free identification of pathogens by means of
micro-Raman spectroscopy
Petra Rösch1, Stephan Stöckel1, Susann Meisel1, Sandra Kloß1, Ute Münchberg1,
Dragana Kusić1, Valerian Ciobotă1, Wilm Schumacher1, Jürgen Popp1,2
1)

Institute of Physical Chemistry, Friedrich-Schiller-Universität Jena, Helmholtzweg 4,
D-07743 Jena, Germany.
2)
Institute of Photonic Technology Jena, Albert-Einstein-Straße 9, D-07745 Jena, Germany
In the last years the identification of microorganisms by means of different IR and
Raman spectroscopic techniques has become quite popular. Most of the studies however
apply the various vibrational spectroscopic methods to bulk samples which require at least a
short cultivation time of several hours. Nevertheless, bulk identification methods achieve high
classification rates which enable even the discrimination between closely related strains [1] or
the distinction between resistance capabilities [2].
However, applying micro-Raman spectroscopy with visible excitation wavelengths
enables for the detection of single microorganisms. [3] Especially for severe diseases like e.g.
sepsis this method is capable for a cultivation-free identification of bacteria. Since in the case
of sepsis, the patient’s survival rate drops approximately by 6-10 % every hour after the onset
of the septic shock, the identification of the pathogen should be accomplished without time
delay.
In doing so, we established different isolation techniques in combination with Raman
spectroscopic identification. Isolating bacteria from different matrixes always has an impact
on the Raman spectroscopic identification capability [4]. Therefore, these isolation techniques
have to be specially designed to fulfill the spectroscopic requirements. In total the method
should enable the identification of pathogens within the first 3 hours.
Acknowledgement
Financial support of the "Thüringer Kultusministerium (TKM)" (PE113-1), the Federal
Ministry of Education and Research, Germany (BMBF) (Projects: 13N9549, 13N11168,
13N11350) and the German Science Foundation (JSMC) are greatly acknowledged.
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[2] A. Walter, M. Reinicke, T. Bocklitz, W. Schumacher, P. Rösch, E. Kothe, and J. Popp, Anal. Bioanal. Chem.
400, 2763-2773 (2011).
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Popp, Analyst 135, 908-917 (2010).
[4] S. Stöckel, W. Schumacher, S. Meisel, M. Elschner, P. Rösch, and J. Popp, Appl. Environ. Microbiol. 76,
2895-2907 (2010).

A comparison between Raman and FTIR focal plane imaging for diagnosing
malaria parasites in single cells
Bayden R. Wood,1 Keith R. Bambery,1 Don McNaughton,1 Carol Hirschmugl,2
Michael Nasse,2 Antje Hermelink,3 Peter Lasch3 and Dieter Naumann3
1

Centre for Biospectroscopy, Monash University, Wellington Rd. Clayton, 3800,
Victoria, Australia
2
Synchrotron Radiation Center, University of Wisconsin–Madison, Stoughton,
Wisconsin, USA
3
Biomedical Spectroscopy, Robert-Koch Institute, Nordufer 20, D-13353 Berlin, Germany
Malaria still remains one of the most devastating diseases afflicting the modern world.
Critical to reducing the burden of this disease is developing diagnostic techniques that have
high sensitivity and specificity, which can be rapidly, routinely and safely carried by nonexpert personnel. In pursuit of these aims we have been investigating the potential of
vibrational spectroscopy as an independent modality to diagnose malaria at the erythrocytic
stage of the parasite’s life cycle. During this stage the parasite develops distinct organelles
and accumulates lipids and a by-product know as haemozoin in its food vacuole. Haemozoin
is spectroscopically very similar to -haematin which is reported to be a hydrogen bonded
array of haem dimers linked through reciprocal iron-carboxylate bonds to one of the
propionate side chains of an adjacent Fe(III)PPIX moiety.1,2 Haemozoin has a very distinct
spectrum that can be easily distinguished from haemoglobin in a blood smear using Raman
spectroscopy.3 Moreover, each stage of the parasite has a distinct lipid signature that enables
rapid identification using FTIR and a neural network.4 Recently we applied FTIR
microspectroscopy using a focal plane array coupled to synchrotron source and incorporating
74 x Cassegrain objective. In this presentation these two technologies will be compared in
terms of sensitivity, specificity, sample preparation, sample analysis and spectral processing
time.
References
[1] S. Pagola, P.W. Stephens, D.S. Bohle, A.D. Kosar, S.K. Madsen, Nature 404, 307 (2000).
[2] E. Hanssen, C. Knoechel, N. Klonis, N. Abu-Bakar, S. Deed, M. LeGros, C. Larabell, L. Tilley, J Struct
Biol 173, 161 (2011).
[3] B.R. Wood, A. Hermelink, P. Lasch, K.R. Bambery, G.T. Webster, M.A. Khiavi, B.M. Cooke, S. Deed, D.
Naumann, and D. McNaughton, Analyst 134, 1119 (2009).
[4] G.T. Webster, K.A. De Villiers, T.J. Egan, S. Deed, S.L. Tilley, M.J. Tobin, K.R. Bambery, D. McNaughton
and B.R. Wood, Analytical Chemistry 81, 2516 (2009).

SERS for studies of cells: From basic concepts to practical tools
J. Kneipp1,2, D. Drescher1,2, V. Joseph1,2, M Gühlke1,2, T. Büchner1,2, S. Seifert1,2
1

Humboldt-Universität zu Berlin, Department of Chemistry, Brook-Taylor-Str. 2,
12489 Berlin, Germany
2
BAM Federal Institute for Materials Research and Testing, Richard-Willstätter-Str. 11,
12489 Berlin, Germany
The area of surface-enhanced Raman scattering for studies of biological systems,
mainly cells and tissues has emerged rapidly. At the same time, the omnipresence of
nanomaterials in our everyday life has been pushing research in the fields of biotechnology
and nanotoxicity. The possibility to employ Raman scattering as a method to study both the
biological system as well as the nanomaterials opens exciting new avenues for nanotoxicity
research, surface science, and cell biology.
In SERS, the increased lateral resolution is very useful for imaging, and in many cases
adds to the selectivity of the Raman micro-/spectroscopic experiment. We utilize Raman
scattering and SERS for the analysis of cellular samples of animal and plant origin which are
several tens to hundreds of microns in size. There, nanoparticles of gold and silver are used as
plasmonic nanostructures to generate the enhanced local optical fields in which SERS takes
place. However, as we have recently shown experimentally using gold nanospheres of
different sizes yet identical surface properties, the electromagnetic SERS enhancement
depends on nanosphere size, but the enhancement factor can vary also with analyte
concentration (1). This has serious implications for the application of nanoparticle solutions
as SERS substrates in quantitative analytical tasks and also for live cell experiments. In such
experiments, metal nanoparticles are transferred into the cell, and depending on their size and
surface properties, can be directed to different cellular compartments. In order to find out
about the interaction of the nanoparticles with the cellular ultrastructure, their morphology
and possible agglomeration behaviour, we have studied cultured cells after particle transfer by
SERS, synchrotron X-ray tomography and transmission electron microscopy. We observe a
dependence of the nanoparticle interaction on the material and possibly the surface (2). The
experiments provide for the first time an opportunity to study on one hand the composition,
structure and stability of the corona of the nanoparticles, and particle structure, agglomeration
and morphology on the other hand, both in the context of the cellular ultrastructure.
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Novel nanorod array substrates as a platform
for SERS-based biosensing of infectious disease
R. A. Dluhy
Department of Chemistry, University of Georgia, Athens, GA 30602 USA
Development of diagnostic methods for rapid and sensitive identification of viruses and other
biomedical pathogens is essential for the advancement of therapeutic and intervention
strategies necessary to protect public health. Current diagnostic methods for viruses in
particular, e.g. isolation, PCR, antigen detection and serology, are time-consuming,
cumbersome, or lack sensitivity. We have investigated the use of aligned Ag nanorod arrays,
prepared by oblique angle vapor deposition (OAD), as surface-enhanced Raman scattering
(SERS) substrates for the identification and classification of viral pathogens. The OAD
method of substrate preparation facilitates the selection of nanorod size, shape, density,
alignment, orientation, and composition, while the procedure is reproducible and relatively
simple to implement. The current talk will address aspects of the fundamental nanostructural
design of metallic nanorod arrays and their influence on SERS enhancement, as well as the
development of a spectroscopic assay for virus detection based on these unique
nanostructured SERS probes. We will also present results of multivariate statistical analyses
on the SERS spectra of different pathogens that indicate it is possible to identify, differentiate
and classify viruses and other biomolecules based on their intrinsic SERS spectra, even down
to the individual strain level.

Label-free in situ Raman and SERS imaging of biofilms
N. P. Ivleva1, M. Wagner2, H. Horn2, R. Niessner1, C. Haisch1
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Biofilms are communities of microorganisms embedded in a matrix of extracellular polymeric
substances (EPS), which represent the predominant mode of microbial life. EPS (biopolymers
such as polysaccharides, proteins, nucleic acids, lipids, and humic-like substances) play a
major role in the formation and maintenance of the biofilm structure and in the protection of
the embedded microorganisms against environmental stress. Information about physical and
chemical properties of the biofilm matrix is relevant in various fields, such as medicine,
industry, and technological processes. However, the precise structure, chemistry, and
physiology of the biofilm vary with the nature/behavior of its resident microbes, the local
environment, and the biofilm age [1]. Therefore, the characterization of the biofilm matrix
requires the establishment of a rapid nondestructive analytical tool that reveals detailed
chemical information at high spatial resolution, sensitivity, and reproducibility.
Raman microscopy (RM) combines spectroscopic and optical methods and provides
whole-organism vibrational fingerprint spectra of the biological samples with spatial
resolution in the µm-range. It allows for label-free, noncontact, and nondestructive analysis
with little or no interference from water (major component of biofilms). Additionally, Raman
imaging provides information on the spatial distribution of different molecular species within
heterogeneous samples. We apply RM for the in situ chemical characterization of
multispecies heterotrophic biofilms and find a heterogeneous composition (polysaccharides,
proteins, nucleic acids, and carotenoids) of microbial constituents and EPS. However, RM
suffers from low sensitivity, making Raman imaging time consuming. Moreover, the Raman
spectra of biofilms typically exhibit only a few bands and therefore available chemical
information is rather limited. The application of surface-enhanced Raman scattering (SERS)
for biofilm analysis allows us to overcome these drawbacks [2].
Surface-enhanced Raman scattering is a promising technique for the chemical
characterization of microbiological systems. It has high sensitivity in comparison with normal
Raman spectroscopy, yields highly informative spectra, and can be applied directly in
aqueous environment [3]. We use hydroxylamine hydrochloride reduced [4] colloidal silver
nanoparticles for label-free in situ SERS analysis of multispecies biofilms. Good SERS
measurement reproducibility, along with a significant enhancement of Raman signals by
SERS (>104), and the highly informative SERS signature, enables rapid SERS imaging (1 s
for a single spectrum) of the biofilm matrix [5]. Thus, SERS has great potential for in situ
biofilm analysis, including the detection of different constituents and the determination of
their distribution in a biofilm even at low biomass concentration (e.g. initial biofilm
formation).
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The water clock of Proteus mirabilis paces
colony periodic and synchronous swarming
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For decades, the origin of the concentric ring pattern of bacterial swarming colonies has
puzzled microbiologists. Thanks to in situ and real time infrared microspectroscopy and the
brilliance of the infrared beam at SOLEIL synchrotron, we demonstrate here that Proteus
mirabilis swarming is paced by a periodic variation of the water activity at colony’s edge.
This periodic variation originates a phase transition within the extracellular matrix water H
bond network which switches on and off the exopolysaccharides viscoelasticity and,
consequently, the ability of bacterial cells to swarm. A dynamic behaviour emerges from the
global properties of the multicellular entity which here relies on the ability of the bacterial
cells to tune exoproducts synthesis in order to undergo sharp transitions above/below a given
water activity threshold.
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Review on 25 years of IR-spectroscopy in clinical chemistry:
Blood and cell-free body fluids
H.M. Heise
South-Westphalia University of Applied Sciences, Faculty of Informatics and Sciences,
Frauenstuhlweg 31, D-58644 Iserlohn, Germany
Assays for biotic fluids based on infrared spectroscopy are of great interest, because they are
reagentless and allow the simultaneous analysis of several components. There are several different
measurement techniques applied routinely to blood and derived fluids such as plasma, serum and
dialysates. In particular transmission and attenuated total reflection (ATR) measurements have
been reported [1-5]. Samples can be fluids or dry-films prepared by water evaporation.
Meanwhile, even continuous measurements for bed-side patient monitoring have been
successfully developed [6-9].
Whereas whole blood has been successfully analyzed for metabolites such as glucose, there are
larger molecules which are only to be found in the plasma phase and are absent within the cellular
components, so drastic haematocrit dependent effects of inhomogenously distributed analytes on
the quantitative ATR spectroscopy of whole blood can be observed. Sedimentation of erythrocytes
is certainly another factor to be taken into account. The spectral analysis of whole blood spiked
with different amounts of hydroxyethyl starch, used most frequently as a blood volume expander
and considered as a model compound for blood substrates of high molecular mass, was undertaken
using the ATR technique. There are different effects including deviations from absorbance
linearity, which have been successfully modelled. On the other hand, using transmission cells of
micrometer thickness, continuous whole blood measurements suffer from adhesion of leucocytes.
Despite some of these drawbacks, novel devices based on quantum cascade lasers may further
revolutionise these measurement techniques.
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IR spectroscopy goes to the hospital:
Progress in reagent-free blood analysis and haemodialysis monitoring
Andreas Roth, Fabian Dornuf, Oliver Klein and Werner Mäntele
Institut für Biophysik, Goethe-Universität Frankfurt am Main
Max-von-Laue-Straße 1, D-60438 Frankfurt am Main
In clinical routine, analysis of body fluids is performed either by automated laboratory
analysis using chemical and biochemical reagents or, in point-of care situations, by test kits.
Either analysis bears disadvantages such as unnecessary time delays, imprecise measurements
or high costs. Over the past years, we have been developing infrared spectroscopic techniques
using either FT-IR spectroscopy or IR spectroscopy with fixed-frequency or widely tuneable
quantum cascade IR lasers (QCL). We use attenuated total reflection (ATR) spectroscopy
because of the easy accessibility of the sample interface and the easy handling of samples in
clinical routine. In particular, new miniature ATR units with ZnS or ZnSe internal reflection
elements (IRE) have been developed, either for small (some µl) sample volumes (such as a
blood droplet) or as special high-flow® cells for haemodialysis. As a basis for calibration, we
use clinical reference analysis with optimized methods. Multivariate methods are used to
determine quantitatively the concentrations of body fluid constituents from the IR spectra [1].
In blood analysis, our present data base including >1.500 full blood and blood plasma samples
reliably allows to analyze small (approx. 5-10 µl) full blood samples. A combination of the
ATR cell with an ultrasound device allows in situ haemolysis and thus prevents the
sedimentation of cells on the horizontal IRE. At present, the concentration of glucose, urea,
triglycerides, cholesterol and of total protein as well as haemoglobin, albumin and
immunoglobulin can be quantitatively analyzed, all of them (except immunoglobulin) at
clinically sufficient precision. We report tests of this point-of-care analysis under clinical
conditions.
In haemodialysis, no control of detoxification is presently available although highly desirable.
An online clearance measurement is regularly required to validate the efficiency of
hemodialysis for each patient. Furthermore, unstable haemodialysis patients need precise
supervision of potential loss of blood constituents or medication. We have thus developed an
FT-IR based haemodialysis monitoring system based on a novel high-flow® ATR cell which
is connected downstream of the haemodialysis filter. During a 4 hour haemodialysis session,
up to 180 l of dialysis liquid are used which contains electrolytes and buffer solutions as well
as a base level of glucose. A calibration model was established from samples taken from the
dialysis liquid near the flow ATR cell and analyzed by calibrated chemical analysis. This
model was developed to tolerate fluctuations in buffer concentrations and was optimized for
the quantitative determination of urea as the lead substance, as well as glucose, lactate and
creatinine, all at a precision only limited by the chemical reference analysis [2].
We report here the first reagent-free, real-time and in-line monitoring of haemodialysis
patients by FT-IR spectroscopy. Tests with haemodialysis patients demonstrate that
detoxification can be clearly monitored, and that dialysis times based on detoxification
monitoring can be adapted to the individual patient, thus resulting in shorter dialysis sessions
and more efficient use of dialysis machines. Furthermore, these experiments demonstrate that
a wide control of the patient physiological parameters is possible with this method, which
leads to an enhancement of patient safety.
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Biomedical vibrational spectroscopy for glucose monitoring in vivo?
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Clinical investigations have shown that the continuous surveillance of the concentration of
blood glucose helps to improve the insulin therapy of people with diabetes mellitus.
Unfortunately, up to now none of the presently available continuous glucose monitoring
systems (which are based on electrochemical sensing) has received approval for therapeutic
decisions, i.e. insulin dosage. One of the reasons may rest in the fundamental principle of
these sensors in which an enzymatic reaction enables the generation of a detector current by
allowing for the local consumption of glucose rather than the mere observation the
concentration of glucose.
Mid-infrared spectroscopy may offer a reagent-free approach towards the continuous
monitoring of glucose which avoids any glucose consumption. However, the omnipresence of
water in biological samples often hampers the application of this type of spectroscopy to
biological samples or tissue. Usual approaches such as drying the sample or using ultrathin
cuvettes (together with high pressure pumps) are not feasible in an in vivo environment.
Although the signal-to-noise ratio would conceptually benefit from the high intensity of
synchrotron radiation, such a device is of course also not applicable under day-to-day
conditions.
At the Kirchhoff-Institute for Physics we have recently combined the small absorption length
of a miniaturized, diffusion-based cuvette within a fibre-sensor with the high intensity of a
quantum cascade laser [1]. In a series of in-vitro experiments we have obtained appreciable
sensitivity, which may be evaluated in terms of the noise equivalent concentration (NEC).
Within an integration time of as little as 5s a NEC below 1 mg/dl was achieved, which
corresponds to as little as 1% of the average glucose concentration. Potentially interfering
substances were investigated, too. First steps towards enhancing the biocompatibility of the
sensor were taken in preparation for an application in vivo.
This work has been funded by the Baden-Württemberg Stiftung.
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Spectral Cytopathology (SCP): A summary
M. Diem, B. Bird, M. Miljković, J. Schubert, A. Mazur and E. Marcsisin
Department of Chemistry and Chemical Biology, Northeastern University,
Boston, MA 02115 USA, and
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SCP, the infrared spectroscopic diagnosis of exfoliated human cells, has been a major research topic at
the authors’ laboratory, the Laboratory of Spectral Diagnosis (LSpD) in Boston. In collaboration with
the Department of Pathology at Tufts Medical Center (TMC) in Boston, exfoliated cervical cells from
normal subjects, exfoliated cells from patients diagnosed with cervical disease (dysplasia) and exfoliated cells from the nasopharyngeal and oral cavities from patients diagnosed with dysplasia and cancer
have been obtained. In addition, oral samples from student participants of an oral disease study at
Northeastern University (under a local Institutional Review Board permit) have been collected. The
total number of participants in both the cervical and oral studies is about 300. For the oral study, samples were collected from the tongue, the mouth floor (under the tongue) and from the inside of the
cheeks. Since 2009, more than 1.2 million cell spectra have been collected.
The sample collection and cell fixation procedures have been standardized and the effect of
fixation times and fixation procedures has been evaluated [1]. Data collection has been accelerated by
more than an order of magnitude since the early studies [2] by an imaging approach that has been reported [3], without sacrificing data quality. This is achieved by using areas not occupied by cells to
construct a measurement-specific noise matrix, and performing noise adjusted principal component
analysis (PCA) [4] to reconstruct spectra. Finally, cellular spectra have been corrected for dispersive
band shape by a phase correction procedure. These studies have revealed a number of important results:
1. Hormonal effects influence the maturation of cervical cells, which can be monitored spectroscopically. The observed spectral changes are manifested not only by variations in glycogen content, but
also by changes in the protein spectral region.
2. Cells from the oral cavity exhibit slightly different spectral characteristics depending on their area
of origin. Thus, cells from the tongue, from under the tongue and from the inside of the cheeks can
be distinguished. Furthermore, drug metabolites and effects of smoking can be detected.
3. Spectra of cancerous, dysplastic and normal cells can be readily distinguished by PCA.
4. Disease affects the majority of cells from a given collection site. Thus, morphologically normal
cells collected from the vicinity of a cancerous lesion show abnormal spectra. The spectral abnormality may persist even after cancer treatment.
5. At least some spectral changes of cells appear to be caused by viral infection from herpes simplex,
or human papillomavirus (HPV). The viral load in cultured cells has been detected both by infrared and Raman spectral studies.
These results indicate that SCP offers some promising advantages over classical cytological methods in
that the number of diagnostic cells is vastly larger, that one measurement may be able to diagnose both
dysplasia and viral infection, and that it is an instrument-based method that can be implemented to be
objective, fast and inexpensive.
This work was supported by grants CA 090346 and CA 153148 form the NIH.
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FTIR spectroscopic imaging of live cancer cells
S. G. Kazarian and K. L. A. Chan
Department of Chemical Engineering, Imperial College London, London, UK
FTIR spectroscopic imaging allows the visualization of the distribution of chemical
components in cells. However, obtaining images of living cells is difficult because of the
strong absorption of water in the mid-infrared region. The use of attenuated total reflection
(ATR) FTIR spectroscopic imaging provides a possibility to study tissues or live cells in an
aqueous environment.[1] This approach allowed us to monitor live human cancer cells on a
single cell level in situ with very fast acquisition times and the high spatial resolution.[2] Two
complementary approaches have been used, providing flexibility with field of view and
spatial resolution: micro-ATR-FTIR imaging using a microscope objective with a Ge crystal,
and macro ATR-FTIR imaging using a single-reflection diamond ATR accessory.[2] The
micro ATR-FTIR spectra allowed the differentiation between several cellular organelles, e.g.,
the nucleus and the endoplasmic reticulum. These approaches demonstrate the potential of
ATR-FTIR spectroscopic imaging for revealing the details of the dynamics of biological
processes and for studying the effects of environmental conditions on cellular behaviour.
Therefore, this chemical imaging methodology could provide a method for optimization of
chemotherapy approaches and drug testing in the clinic. ATR-FTIR spectroscopic imaging
was also applied to studies and differentiation of stem cells. [3]
Recently, applications of ultrafast chemical imaging of live cells were also demonstrated
using a combination of a pulsed tuneable laser source with an infrared microscope and an
infrared array detector. [4]
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Tumor cell identification using Raman spectroscopy in combination with
optical trapping and microfluidics
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The progress of the research initiative “Jena Cell Identification Group” (JenZIG) is
presented. Scope is the combination of biophotonic tools such as Raman spectroscopy with
micromanipulation and microfluidic environment. A model system consists of cells that can
be found in peripheral blood of tumor patients. Lymphocytes and erythrocytes were extracted
from blood samples. Breast carcinoma derived tumor cells (MCF-7, BT-20) and acute
myeloid leukemia cells (OCI-AML3) were grown in cell cultures.
Raman images were collected from dried cells on calcium fluoride slides1. Support vector
machines (SVM) classified 99.7% of the spectra to the correct cell type. Subsequently, the
model was applied to identify cells from a mixed population. The classification was validated
by fluorescence staining after Raman measurements.
Raman spectra were collected from cells in aqueous buffer2. A laser emitting 785 nm light
was used for optical trapping of single cells and for excitation of the Raman spectrum. SVM
distinguished 1210 spectra of tumor and normal cells with a sensitivity of >99.7% and a
specificity of >99.5%. The correct cell types were predicted with an accuracy ≈92%.
A novel microfluidic glass chip was designed to inject single cells, modify the flow speed,
accommodate fibers of an optical trap and sort single cells after Raman based identification3.
The optical trap was realized by two 1070 nm single mode fiber lasers. Whereas the
integrated microchip setup used 514 nm for excitation of Raman spectra, a quartz capillary
setup excited spectra with 785 nm laser wavelength. Classification models were trained using
linear discriminant analysis with accuracies that were comparable with previous Raman
experiments1,2.
Modulated wavelength Raman spectroscopy has been applied to suppress fluorescence
background in Raman spectra of single cells in aqueous buffer [4]. The laser excitation
wavelength of 785 nm was modulated with a frequency of 40 mHz by 0.6 nm. Altogether 840
spectra were collected at several days to compensate day-to-day variations of the system and
the progressive fixation of cells. The classification accuracy of a SVM was 93.3% for cancer
vs. normal cells and 81.2% for the recognition of the cell type.
Acknowledgements: Financial support of the European Union via the Europäischer Fonds für Regionale
Entwicklung (EFRE) and the "Thüringer Ministerium für Bildung Wissenschaft und Kultur (TMBWK)"
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acknowledged.
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Does synchrotron infrared micro-spectroscopy favor some biomedical
applications?
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Synchrotron infrared spectroscopy and micro-spectroscopy held a big promise in medical
diagnosis. It is a powerful methology to identify metabolic changes occurring at single cell
level.
The brightness advantage, combined with a high beam stability (especially on recent third
generation synchrotron), has resulted in fast data recording at high lateral resolution, with
very good spectral quality(S/N). Several biomedical applications have been carried out at the
SMIS beamline at SOLEIL during recent years.
Urinary stone disease, constitutes a major health problem and is affecting an increasing
number of people. Calcium oxalate, calcium phosphate, uric acid, ammonium hydrogen urate
and magnesium ammonium phosphate are the main components of stones. Very small
crystals in the kidney biopsy sample, of 2,8-dihydroxyadenine (2,8-DHA) were identified ,
and this has direct relevant therapeutic implications. IR synchrotron microscopy is actually
routinely used by doctors from Hospital for a rapid screening of kidney sections. This results
in a direct implication in the patient therapy and recovery.
The potential changes occurring in hematopoietic cells expressing BCR-ABl and BCR-ABL
carrying T3151 mutation, conferring resistance to most tyrosine kinase inhibitors currently
used has been evaluated using IR micro-spectroscopy. The use of the synchrotron is fully
justified due to the small dimension of human leukemia cells.
Stem cells research is a very important research topic nowadays. Several studies have shown
that IR microscopy can determine the differentiation state of the stem cells. But more
importantly, we have been able to show that synchrotron IR microscopy can assess
unambiguously the reprogrammation of stem cells, which is more difficult otherwise.
Liver steatosis is a severe disease that can lead to hepatosteatosis, cirrhosis and cancer. The
precise determination of the steatosis content during the liver transplant is crucial with
recommendation to select livers exhibiting no more than 20% steatosis. This drastic
recommendation contrasts with the incapacity of usual histological methods to rigorously
provide an objective and non-biased assessment of steatosis. Synchrotron infrared
microspectroscopy has helped determining the presence of micro vesicle with lipids content
that can be directly related to the lipidomic HPLC tests. The database established with the
synchrotron source is actually used to condition an IR thermal source based microscope, to be
set up in hospital for direct diagnostic during liver transplant.

A rapid alternative for molecular genetic typing in a routine diagnostic lab;
SpectraCell RA
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Postbus 382, 2300 AJ Leiden, The Netherlands, and
River Diagnostics B.V. Marconistraat 16, 3029 AK Rotterdam, The Netherlands
Having a rapid typing system like the SpectraCellRA® (SCRA) available in a diagnostic
laboratory will help enormously in the detailed analysis of microbial transmissions. The speed
and ease of use of this Raman-based typing system offers a complete new way of
implementing strain typing in a routine diagnostic laboratory.
Having such a powerful tool like the SCRA necessitates the need for a proper understanding
of the situation. Some examples will be given, where the validation of this phenotypic method
with genotypic reference data emphasizes the need of having all information available. This
includes clinical data and typing results.
Typing of bacterial isolates is never a purpose on its own, in a diagnostics setting, it should
help to understand the clinical situation i.e. help to understand a transmission. To validate that
the SCRA system can really recognize isolates that are involved in an outbreak, a study was
performed using over 116 MRSA isolates of 53 families for which the epidemiological
relationship was known. The isolates were previously typed using molecular genetic methods
and these results were used as reference. The concordance with the genetic methods and the
known clinical data was shown to be 97%, proving that the system is well capable of finding
outbreak related isolates.
Infection prevention teams are continuously making decisions on preventive measures that
will affect the workflow of a medical department. This could even go as far as to close an
entire ward for further admissions, or even to break down a complete building if an infective
source cannot be exterminated. An example will be presented in which SCRA helped to
support the unpopular decision to close a ward, and strengthen the position of infection
prevention team.

Identification of food bacterial pathogens using nanoparticle probes and midinfrared chemical imaging for DNA microarray detection
Sufian F. Al-Khaldi, B. L. Schoen, M. M. Mossoba, V. Chizhikov, A. Rashid,
Martinez-Diaz
Office of Regulatory Science, Division of Microbiology, Center for Food Safety and
Applied Nutrition. US Food and Drug Administration
For the first time, a novel application of mid-infrared chemical imaging (IRCI) for
fluorophore-free detection and identification of several pathogenic bacteria is demonstrated in
this work. Traditional fluorescence probe labeling (with Cy3 or Cy5 for example) in DNA
microarray was replaced with PCR-amplified biotinlayted targets hybridized to microarray
probes which were treated with streptavidin-gold nanoparticles followed by silver
enhancement. This modification has the potential to expand the implementation of DNA
microarray technology in laboratories involved in the detection of gene identification as well
as gene expression off different pathogenic bacteria.
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FT-IR spectroscopy of Chromera velia: Biochemical composition,
growth phases, and dark incubation
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The effect of culture age and light deprivation on Chromera velia was examined in the
context of biochemical composition. Measurements on growth, photosynthetic capacity
together with FT-IR spectra were taken over a period of 62 days. Three FT-IR analysis
methods were compared: integral band intensities, second order differentiation, and principal
component analysis (PCA). PCA provided the most detailed information on the effect of
culturing conditions and culture age on chemical composition. Integrated band areas of
protein, carbohydrate and lipid appeared unchanging up to the late exponential growth phase,
after which there was a progressive decrease in protein with a concomitant increase in lipid
and carbohydrate. PCA analysis of second-derivative spectra, however, identified an
accelerated change in the biochemical composition in this phase, highlighting the superior
ability of second-derivative-based PCA to emphasise small local differences in spectral
features. Dark incubation transformed the cells into a dormant state with undetectable growth.
Changes, albeit small, in protein and carbohydrate of the dark culture were observed only in
the PCA analysis; lipid reserves were not affected. Significant modification of biochemical
profiles occurred at specific times and duration in the late exponential phase.

Toxicological applications of FT-IR spectroscopy: in vitro toxicity of silica
nanoparticles on renal cells
Marine Rousset, Isabelle Passagne, Igor Pujalté, Béatrice L’Azou,
Emmanuelle Barron, Adrian Travo, Isabelle Forfar and Gérard Déléris
" Pharmacochimie " FRE3396 CNRS - Université Bordeaux Segalen - Faculté de Pharmacie 33076 Bordeaux cedex
Addressing the toxicity of nanodevices is a milestone for the development of
nanotechnologies in the biomedical field. Data allowing insight in cellular effects of
nanoparticles, which may induce severe cellular disorders (inflammatory response, cell death,
DNA damages, carcinogenesis) are of utmost importance. Among involved organs, kidney
appears as a target due to its role in the elimination of xenobiotics.
In order to develop a potent and easy to run tool to explore nanoparticles toxicity on
renal cells, mid infrared biospectrometry was used to follow toxicity of silica nanoparticles.
Preliminary studies were realized on renal tubular cells which were exposed to different size
of silica (SiO2) nanoparticles (20 and 100nm) at different concentrations and at different times
of exposure.
Spectroscopic data were correlated with in vitro toxicity results. SiO2 nanoparticles
present a different behavior according to their size, the smallest being the most toxic. A
chemical fingerprint of oxidative stress was probed through an increase in the bands linked
with lipid peroxidation according to biological results.
PCA analysis allowed to highlight cellular toxicity thresholds related to nanoparticle
sizes and concentrations.
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Vibrational micro(spectro)scopy at different scales:
Proteins, membranes and living cells
Klaus Gerwert
Lehrstuhl für Biophysik, Ruhr-Universität Bochum, Bochum www.bph.rub.de
Max-Planck Partner Institute, PICB, Shanghai www.picb.ac.cn
Time-resolved FTIR difference spectroscopy can be used to monitor the reactions within
membrane proteins at atomic detail with ns time-resolution (1). In order to investigate the
protein interactions at membranes the ATR (attenuated total reflection) technique is applied
(2). Thereby the protein interaction network of the membrane bound Ras superfamily is
monitored spatio-temporal resolved at atomic detail. At the level of single cells and tissues
vibrational microspectroscopy (Raman and IR) studies are performed which provide markerfree images of single cells and tissue. This approach is applied to colon cancer cell lines and
to colon cancer tissue. After annotation of the index colour images by comparison with
conventionally stained tissue by a pathologist and by fluorescence markers label-free spectral
biomarkers are identified. Based on these spectral biomarkers a random forest analysis
provides an automated detailed assignment of the colon tissue and identified the cancer. This
approach is recently extended to bladder cancer. Here in addition to tissue also urine and
blood plasma is analysed to identify spectral biomarkers in liquids.
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Vibrational microscopic characterization of healing processes
in a human skin wound
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Vibrational microscopy and imaging are now poised to address important biomedical
and pharmacological issues, including the diagnosis of pathological states. The current
presentation describes the first attempt at vibrational imaging of a healing wound.
Proper wound healing entails a complex series of events, both in space and time.
Confocal Raman and IR microscopic imaging provide evidence for the temporal expression
and spatial location of a variety of collagen and keratin species that appear during the healing
process. Our goal is to correlate the spatial distribution of the phenotypes we observe with the
particular sequence of activated genes that characterize the healing.
Three characteristic phases of wound repair (inflammation, proliferation including reepithelialization, and remodeling) overlap in time and space. We have utilized a human skin
wound healing model to correlate changes in genotype and phenotype with IR and Raman
microspectroscopic images during re-epithelialization. IR or Raman images were collected at
0, 2, 4 and 6 days following wound generation. The experimental protocols, validated as IR
images, clearly delineate the keratin-rich migrating epithelial tongue (MET) from the
collagen-rich wound bed. Factor analysis of IR imaging data sets acquired 6 days post
wounding reveal subtle spectral differences that map to distinct spatial distributions, which
are correlated with immunofluorescent staining patters of different keratin types. The
temporal sequence of events is explored through a comparison of gene array analysis with
vibrational microscopy images [1].
In addition to studies of the keratin species as noted above, analysis of lipid IR
spectral properties revealed the presence of lipid class(es) with disordered chains in the
vicinity of the MET. The presence of lipid ester C=O bands colocalized with the disordered
chains provided evidence for the presence of carbonyl- containing lipid species, consistent
with a shotgun lipidomics study [2]. Gene array data complemented the biophysical studies
and provided a biological rationale for the generation of the disordered chain species.
Enhancement of fatty acid desaturases 1 and 3, and stearoyl-CoA desaturase, which regulate
the unsaturation of fatty acids, was observed. These data suggest a mechanism for increasing
the conformational disorder of the lipid chains. Finally, the lipid vibrations tracked in the
current study provide significant supporting evidence for prior biochemical studies
implicating the involvement of lipid rafts of unusual composition during wound healing.
These rafts have been suggested as a control mechanism for keratinocyte activation and
migration. Overall, these experiments demonstrate the feasibility of acquiring detailed
molecular structure information from proteins and lipids involved in wound healing events.
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FTIR spectroscopy discriminates very early stage differentiation
in living human stem cells
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We have been investigating using vibrational spectroscopy to define lineage commitment in
human stem cells, and envisage spectroscopic approaches may be useful for quality control
and selection of differentiated stem cells destined for use in regenerative medicine therapies.
This is important because cells derived from stem cells used in the clinic will first need to be
differentiated to specific differentiation or lineage commitment states for these treatments to
be effective. Conversely, the transplantation of undifferentiated stem cells into the human
body presents a risk as it may lead the formation of cancerous tumours. Recently, we have
been successful in using FTIR spectroscopy to discriminate living, undifferentiated human
embryonic stem cells from those differentiated to stages equivalent to the earliest phases of
embryonic development. These measurements employed a specialised IR wet chamber and
were conducted using the IR beamline at the Australian Synchrotron [1]. Apart for the
obvious practical need to analyse live cells in line with the aim to develop a new modality for
cell selection for clinical practice, measurements using living cells had advantages compared
to those from dried, fixed cells. Significantly, in terms of detecting changes in differentiation
state, bands from DNA and RNA were observed in the FTIR spectra of live cells that were not
detected at all or were much less prominent in the FTIR spectra from the dried cells [2].
Indeed, changes in bands assigned to nucleic acids, including the carbonyl stretching band
from DNA at ~1720 cm-1, the anti-symmetric phosphodiester stretching band from DNA and
RNA at ~1220 cm-1, and stretching bands from C-O groups in DNA and RNA sugars at
~1120 and 1050 cm-1, associated with the differentiation of cells from the stem cell
progenitors, were observed in average spectra and loaded prominently in Partial Least
Squares (PLS) models used to classify the spectra. Large changes in lipid absorbance was also
observed as the live stem cells underwent differentiation, in parallel with changes previously
observed in the spectra of dried cells [3]. We will discuss these findings and the potential for
FTIR spectroscopy as a quality control tool for cell selection in regenerative medicine
practice.
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High-throughput characterization of metabolic changes in cells
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In biosciences, cell-model systems are used to investigate metabolic and structural cellular
responses upon environmental changes and exposure to chemical components. For example,
human cells are exposed in vitro to various beneficial or detrimental food components in
order to investigate cellular responses upon uptake and metabolism of nutrients in a controlled
manner. In order to be able to study cellular responses under many different conditions, fast
and high-throughput biochemical screening techniques are urgently needed. In a recent
study1, we investigated the cellular responses of HepG2 cells upon fatty acid exposure of four
different fatty acids frequently found in biological samples (oleic acid, elaidic acid, vaccenic
acid and palmitic acid) by high-throughput FTIR spectroscopy. FTIR measurements were
obtained on dried films of cell suspensions on multi-well plates. A clear distinction between
the fatty acid exposures could be seen from the spectra, and especially the changes in double
bond configurations related to cis/trans isomers and conjugation of the fatty acid chains could
be studied in detail. The high-throughput characteristics of FTIR spectroscopy allow multiple
conditions and even combinations of fatty acids to be investigated in a short time frame. To
demonstrate this we used an experimental mixture design involving both pure fatty acids and
combinations of fatty acids2. The obtained results revealed both additive and non-additive
effects of individual fatty acids when combined in mixtures.
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FTIR spectra interpretation of phytoplankton cell spectra and their
implications for physiological traits
H. Wagner, C. Jebsen, C. Wilhelm
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Biology, Department of Plant Physiology, Johannisallee 21-23 04103 Leipzig, Germany
FTIR spectroscopy has been shown to be a useful tool in phytoplankton cell monitoring,
especially in response to changing abiotic environmental factors. Cell parameter such as
nutrient contents or macromolecular composition have been analyzed with a variety of
different methods such as band ratios, band integrals calibration via reference substances and
statistical methods (e.g. PCA and PLS regression analysis). All results published so far
showed a clear dependency of different vibrational regions to these direct physiological
parameters. This raises the question, if statistical methods can also be used to evaluate
physiological key features of cells which are not directly correlated with the biochemical
composition of a cell, e.g the growth rate. This would be possible only if this indirect
parameter is related to some extend to the direct parameter measured by FTIR spectroscopy.
We will show how such a method can be established, using more than only one changing
external parameter. The application of statistic parameters like VIP vectors and regression
coefficients show that PLS regression analysis has the potential for monitoring complex
physiological key parameters like the growth rate. Furthermore these parameters indicate
which vibrational region is correlated with the monitored trait.

Evaluation of tip-enhanced Raman spectroscopy for characterizing different
virus strains
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1

Biomedical Spectroscopy (P25)
Center for HIV and Retrovirology (FG18)
3
Centre for Biological Safety (ZBS4)
Robert Koch Institute, 13353 Berlin, Germany
2

Optical techniques like confocal Raman spectroscopy have proven to be fast, non-destructive
and highly sensitive for chemical and biological analysis, allowing also in vivo investigations
of single bacterial cells and other structures in the µm-range [1]. However, the detection of
biological structures in the sub-100 nm range requires additionally an improved spatial
resolution and a significantly higher sensitivity. Tip-enhanced Raman spectroscopy
(TERS) [2] - a combination of conventional Raman spectroscopy and atomic force
microscopy (AFM) - is a promising analytical technique [3], since it combines the advantages
of optical spectroscopy with the requirements needed for the characterization of biological
nanostructures. The metal coated AFM-tip provides not only highly resolved topographic
information about the sample but, by the excitation of surface plasmons a strong
electromagnetic field is generated at the laser-irradiated tip apex, thus providing a nano-scale
light source and enhanced Raman scattering simultaneously [4]. TERS experiments
performed with commercially available AFM-tips coated with a thin Ag layer showed a
strong enhancement of the Raman signal from single biological nano-structures like amyloid
fibrils or single virus particles [5]. The results obtained so far demonstrate the capability of
the TERS technique to detect and identify biological objects at a sensitivity which is not
achievable with conventional spectroscopic methods [6].
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An infrared microspectroscopy 2DCOS study of the effect of radiation on
normal and cancer cells
Jose Luis R. Arrondoa, Nagore Andrakaa, Javier Gonzalez-Velascob, Jose
Celeiroc, and Pedro Bilbaob,c
a

Unidad de Biofísica (Centro mixto CSIC-UPV/EHU) and Departamento de Bioquímica,
Universidad del País Vasco, E-48940 Leioa, Spain
b
Departamento de Cirugía, Radiología y Medicina Física, Universidad del País Vasco,
E-48940 Leioa, Spain
c
Departamento de Oncologia Radioterapica, Hospital de Cruces, Baracaldo, Spain

Radiotherapy is widely used in cancer treatment, and there is a growing interest in knowing
the effect of irradiation at cellular and molecular level. Infrared microspectroscopy combined
with software techniques such as two-dimensional correlation spectroscopy (2DCOS) has the
potential to offer an answer to the study of metabolic changes produced in cells subjected to
irradiation. Keratinocyte cells from normal (HOK) or cancer (SCC25) cell lines have been
subjected to different doses and 2DCOS maps have been obtained. The results are analysed
either by looking at variations at a given radiation dose or the effect of different radiation
doses on single cell lines. It is observed that at 100 cGy radiation, normal cells are more
affected than cancer cells whereas at 200 cGy the changes induced by irradiation in cancer
cells are different. Increasing the intensity of the irradiation dose does not change the pattern
of the synchronous map in normal cells, whereas in cancer cells high radiations doses
produces maps compatible with no metabolic activity, a behaviour that has also been found in
the TGase activity of the cells.
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Imaging of lipids in atherosclerotic lesions by FT-IR spectroscopy and
hierarchical cluster analysis
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Three groups of lipids (free fatty acids, triglycerides and cholesteryl esters) and
cholesterol were measured by means of ATR FT-IR spectroscopy. Each group was composed
of palmitic, oleic and linoleic acid derivatives, compounds found to be involved in
development of atherosclerosis. Spectral analysis of these compounds allowed clear
discrimination between free fatty acids and the other groups based on carbonyl band position
(the 1699-1710 cm-1 range). Next, we applied IR imaging of lipids followed by Hierarchical
Cluster Analysis (HCA) on the tissue of C57Bl/6J ApoE/LDLR -/- female atherosclerotic mice
and a C57Bl/6J control mice (fed with normal chow diet). The measurements were completed
with an FT-IR spectrometer equipped with a 128x128 FPA detector.
Unsupervised hierarchical analysis of the normal and diseased sections of the aorta
lumen provided clear spectral features that discriminate development of the atherosclerotic
plaque, including appearing the C=O stretching band, increasing intensity of the phosphate
bands, and changing (CH2/CH3)/Amide A, Amide I/Amide II ratio. Moreover, a class of
atherosclerotic plaque, divided into 2 sub-classes, was found in the diseased tissue. One of
them shows higher content of proteins and cholesterol, while the second class is rich in
cholesteryl esters. This part of our work was performed on cross-sections of the aorta tissue
mounted on Ag/SnO2 coated infrared reflective slides (Kevley Technologies). In turn, HCA of
tissues deposited on the glass slides, hence limited to the 2200-3800 cm-1 spectral range, was
performed and compared with a standard Oil Red O histological staining. Our experiments
revealed a very good correlation between IR imaging and histological procedure showing that
IR imaging in the high-wavenumber region coupled with HCA is sensitive enough to probe
development of atherosclerotic lesions in blood vessels.
This work was supported by the European Union from the resources of the European
Regional Development Fund under the Innovative Economy Programme (grant coordinated
by JCET-UJ, No POIG.01.01.02-00-069/09).
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Testing drug resistance/sensitivity in leukemic cell lines by microFT-IR
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Background. Fourier Transform (FT) InfraRed (IR) microspectroscopy (microFT-IR) is an
accurate, reliable and cost-saving analytical techniques with many potential applications in
biomedicine. Nevertheless, it continues to be ‘under strong development’ or ‘promising’ and no
microFT-IR system has been put in pre-clinical drug screening of new candidate drug molecules
or in clinical trials. Aims. To demonstrate that microFT-IR in combination with unsupervised
multiparametric analysis is a robust method to achieve rapid and accurate information about
drug-sensitivity/resistance in cancer cells. Methods. We performed IR analysis in human chronic
myeloid leukema (CML) K562 and MEG-01 cell lines expressing the BCR-ABL tyrosine kinase
(TK) [1]. Moreover, we considered also the mouse bone marrow-derived pro-B cell line BaF3
that survives in the absence of interleukein-3 (IL-3) only when cells express constitutively active
BCR-ABL TK or other oncogenes. BaF3 cells stably transfected with human p210 BCR-ABL or
with the V299L and T315I mutants of p210 BCR-ABL were utilized as model cells that are
sensitive or resistant to the TK inhibitors (TKIs) STI571 (imatinib-mesylate, a gift from Novartis
Pharma, Basel) and BMS354825 (dasatinib), respectively [2]. In addition, also the drug
compound FTY720 (also known as Fingolimod) acting on a different pathway [3] was also
utilized in time-course and dose-response experiments with K562 and MEG-01 cells. Cells were
fixed in 1% buffered formalin, washed with distilled water, and then deposited and dried in
homogeneous manolayer on ZnSe window. The mid-IR absorbance spectra of several single
cells were acquired at the Infrared Microspectroscopy end-station of B22 beamline, Diamond
Light Source, using either Synchrotron Radiation and Globar as IR sources. Initially univariate
analysis was performed on spectral components identified and assigned according the so-called
“group frequency approach”. Results. Combining IR spectral data with the results of
complementary biochemical investigations carried out in samples we were able to identify and
cross-validate IR signatures of drugs targeting the oncogenic protein BCR-ABL and its
associated abnormal tyrosine kinase activity in CML blast cells [4]. Unsupervised pattern
recognition performed by Hierarchical Cluster Analysis (HCA) applied to the spectra of
untreated leukemic cells identified two distinct final groups roughly corresponding to living and
to apoptotic cells, respectively. The corresponding IR spectral profiles were assumed to represent
drug-resistant and drug-sensitive cells. Using these IR markers we verified that microFT-IR in
combination with HCA was able to segregate in drug-sensitive from drug-resistant cells.
Conclusions. MicroFT-IR can be utilized in pre-clinical drug screening/testing as well as it may
represent an useful tool in the monitoring of therapy follow-up in leukemic patients.
Acknowledgements. The research leading to the results presented in this review has received
funding from the European Community’s Seventh Framework Programme (FP7/2007-2013)
under grant agreement no. 226716.
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Surface-enhanced Raman scattering on hemoglobin
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Surface-Enhanced Raman Scattering (SERS) has developed into a useful analytical tool, in
particular to gain information from biological molecules. Often, noble metal nanoparticles are
used as SERS substrates, and high enhancement factors can be achieved. Compared to normal
Raman scattering, the high enhancement and the localization to the local electromagnetic field
of plasmonic nanostructures could in principle result in new vibrational information of
investigated biomolecules, including proteins.
On this poster we present SERS spectra of oxygenated hemoglobin at different excitation
wavelengths in the visible and near-infrared using silver nanoparticles. To illustrate the
potential of SERS for hemoglobin analysis, the results are discussed in the context of normal
Raman spectra under the same experimental conditions. SERS spectra offer different
information compared to normal Raman spectra. While the normal Raman data mainly show
signals of porphyrin, the SERS measurements give additional spectral information originating
from the globin. So far, information about the hemoglobin protein structure is mainly
obtained in resonant Raman experiments with excitation wavelengths in the UV-range.[1] In
contrast, in SERS we find globin bands as well as additional vibrations of the porphyrin,
depending on the excitation wavelength. The contribution of specific porphyrin signals to the
spectrum is due to resonance enhancement that occurs in addition to the SERS enhancement
affecting both globin and the porphyrin.
Our results have implications for our understanding of the interaction of hemoglobin with
silver nanoparticles, in particular the structure of the globin protein.
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Fluorescence spectroscopy and microscopy are important techniques in life science and
medicine. They are used for tracking fluorescent biological molecules or dye labels (e.g. in
DNA detection) by means of their specific light emission. Additionally, Raman spectroscopy
provides the detection of highly specific molecular fingerprint information of molecules due
to the indirect excitation of vibrational modes via an inelastic scattering process. However,
the Raman cross section is very low, which hampers the extent towards trace analytics and
fast detection times. Due to the interaction of molecules with a nanostructured metallic
surface, the inherent weak Raman signals are significant enhanced by several orders of
magnitude. This technique is called surface-enhanced Raman spectroscopy (SERS) and
combines a unique fingerprint specificity and potential trace level sensitivity, which is an
ongoing topic in (bio)analytics [1].
To test the performance and capability of plasmonic arrays in bioanalytics, we have applied
regular patterned nanostructured metallic surfaces [2-4] towards a DNA detection scheme
using a combination of the fluorescence and SERS read-out technique [5]. Here, fluorescence
microscopy allows a fast detection of any positive or negative binding event. Additionally,
detailed molecular fingerprint information is detected via SERS spectroscopy, which allows
also the parallel detection of reporter molecules with nearly the same light emission
properties. This work might be a contribution to a more flexible usage of different detection
schemes using the same chip surface.
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The Raman spectrum of a microorganism is given by the sum of the Raman spectra of
different cell components. Therefore, the obtained spectrum profile will be dependent on the
amount of the various substances presented in cells. The variation in the biochemical
composition of different species or strains enables the identification of these microbes by
means of Raman spectroscopy. Since numerous bacteria can produce and accumulate in the
cells important amounts of storage materials, it is expected that the Raman spectra of these
bacteria to be severely influenced by the presence of the storage materials. Therefore, an
important question is, if this storage material will impede the spectroscopic identification.
A number of microorganisms are able to produce polyhydroxyalkanoates (PHA) as
carbon and energy storage materials but also as an electron sink, usually under conditions of
limiting nutrients. From the PHA class, poly(3-hydroxybutyrate) (PHB) is the simplest and
the most common member. High amounts of these polymers were detected in some bacteria,
even a PHB concentration in microorganisms up to 80% of the dry weight was reported1. It is
likely that the Raman spectrum of the microorganisms will be dominated by the polymer
signals at such concentration of PHB in cells which might impede the identification and
differentiation of cells. Therefore, a study focused on the PHB effect on microbial
identification using Raman spectroscopy is required. The goal of this research was to find the
limits of the applicability of Raman spectroscopy in bacterial identification field, generated
by the presence of storage materials in cells.
Five bacteria species were used for this experiment. The classification and
identification of the Raman spectra was performed with Support Vector Machine (SVM). The
outcome shows that single cell bacterial identification by means of Raman spectroscopy is
achievable even if the microorganisms present various storage materials within the cell2.
However, in some extreme cases, we were not able to identify the microorganisms using
Raman spectroscopy.
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Calcified aortic valves experience a significant loss in functionality due to thickening, leaflet
fusion and a loss of flexibility. Obstruction to natural flow produces pressure hypertrophy,
diastolic dysfunction, myocardial ischemia and without repair or replacement ultimately
death. Valvular interstitial cells (VICs) are critical to understanding this phenomenon as they
populate the valves and may play a direct role in calcification. When VICs are cultured in
vitro they produce nodule like formations staining positive for Alizarin red, a stain commonly
used to identify calcium in bone matrices. The question then remains as to the similarity of
the matrix composing these nodules and that of bone or naive heart valve calcified legions.
Bio-Raman micro-spectroscopy is a rapid, non-invasive, label free method of detecting the
molecular content of living systems1. Information rich Raman spectra were collected from
VICs nodules at various time points in both control and osteogenic media. These spectra are
then analysed using univariate and multivariate techniques. Our results show that porcine
VICs nodules at 7,14 and 21 days, which stain and are morphologically similar to those
previously reported, demonstrate a biomolecular matrices varying greatly from bone nodules
grown in vitro tested at similar time points and calcified human aortic cusps.
The nodules formed by VICs may provide information on the calcification happening in vivo
however the relationship between these nodules and of other mineralizing tissues and
especially calcified naïve valves must be thoroughly investigated using sensitive techniques
such as bio-Raman micro-spectroscopy.
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Abstract:

Infectious diseases are one of the most frequent causes of mortality worldwide lagging only
behind heart disease, stroke and cancer. In addition, they frequently occur in critically ill
hospitalized patients, with commonly reported infections in places such as the bloodstream,
urinary-tract, respiratory-tract, intra-abdominal sites, and surgical wounds. Consequences
originate from this infections such as sepsis is estimated to increase, especially in the elderly
patients, patients infected with microorganisms resistant to treatment, patients with weakened
immune systems (AIDS patients), or those undergoing long, high-risk surgery [1,2].
Notwithstanding time required for identification of pathogens is an important factor in
mortality rates and in clinical practice. However, traditional methods and procedures for the
identification of the infectious agent can take days, thereby causing serious complications in
patients until the preliminary diagnosis is either confirmed or refuted. Infrared spectroscopy is
a method that provides a biochemical characterization of the cellular components of the
sample, such as proteins, nucleic acids, carbohydrates, lipids, and cellular components. Thus,
small variations in the different biochemical microorganisms can be used for identification.
Many studies with different microorganisms, with minor variations in technique and sample
preparation have been undertaken to identify clinically relevant pathogens [3,4]. In this study,
American Type Culture Collection Gram-positive bacterial strains of Escherichia coli 10799,
Proteus mirabilis 25933, and Pseudomonas aeruginosa 15442 and Gram-negative bacterial
strains of Staphylococcus aureus 14456, Staphylococcus epidermidis 9300, and Enterococcus
faecalis 10100 with 6 hours of culture were analyzed by infrared spectroscopy. The spectra
were obtained in transmission mode in the range from 4000 to 900 cm-1 with 32 scans and a
resolution of 4 cm-1 with a spectrophotometer using the Spectrum Spotlight 400 FT-IR
(Perkin Elmer). The spectra showed significant differences among Gram-positive and Gramnegative bacteria in several vibrational regions. In cluster analysis, three discriminated
spectral regions were selected, 3000-2800 cm-1, 1470-1410 cm-1, and 1176-950 cm-1 with
100% of samples correctly classified showing the effectiveness of the method in
microbiology.
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Irradiation by ionizing radiation causes the production of free radicals due to water radiolysis,
further causing molecular damage. As ionizing radiation is used in cancer treatment, it is an
important issue to reduce its side effects, for which antioxidant supplementation is frequently
used. Brain is especially susceptible to free radicals as it is rich in polyunsaturated fatty acids
and consumes high amounts of oxygen. The study in concern is about the investigation of
radiation-induced damage and the possible protective effect of an antioxidant hormone,
melatonin, on rat brain crude membrane proteins and lipids by Fourier Transform Infrared
Spectroscopy. For the experiments, melatonin was intraperitoneally injected to rats as a single
clinical dose of 100 mg/kg [1, 2] and a single dose of 10 Gy was used as radiation
The results of the current study revealed that radiation induced a significant decrease in the
lipid to protein ratio, a significant increase in the total protein amount and significant
alterations in the protein structures. Neural network study and vector normalized-second
derivative approach – both based on the amide I band – revealed changes in the secondary
structure content of proteins. Significant decrease in -helix structure and significant increase
in -sheet structure took place upon exposure to ionizing radiation. No restoring effect of
melatonin was observed on radiation-induced damages in lipid and protein bands, although
our group has previously reported that melatonin induces significant variations in lipid
structure and function in model membranes [3] and lipid and protein composition in rat brain
crude membrane treated with the same dose of melatonin [4]. Supporting these, successful
differentiation of the groups with hierarchical cluster analysis also showed that melatonin has
no restoring effect in the protein and lipid composition of the irradiated group.
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Abstract
In the present study, the analytical method of ATR-FTIR spectroscopy has been combined
with a genetic approach to characterize and identify genetic differences responsible for grosscompositional alterations in adipose, liver and muscle tissues in 29 BXD recombinant inbred
mouse strains. We used ATR-FTIR spectroscopy as a sensitive molecular phenotyping
method to assess the relative contents of fat, protein, collagen and glycogen as well as the
lipid to protein ratio and collagen integrity in the target tissues of fat deposition in 20 weeks
old mice. A genome wide scan revealed significant quantitative trait loci (QTL) on
chromosome 12 for the content of fat and collagen, collagen integrity, and the lipid to protein
ratio in adipose tissue and on chromosome 17 for lipid to protein ratio in liver. For the
chromosome 12 effect, we suggest Rsad2 and Colec11 and for chromosome 17 Mdfi as most
likely candidate genes. The results demonstrate that the analytical method of ATR-FTIR
spectroscopy effectively contributed to decompose the macromolecular composition of tissues
that accumulate fat and to link this information with genetic determinants for the identified
differences.

Poster Session

Combination of SERS and advanced microscopic methods for the
investigation of protein-particle-cell interactions
D. Drescher,1,2 G. Laube,3 P. Guttmann,4 G. Schneider,4 and J. Kneipp1,2
1

Humboldt-Universität zu Berlin, Department of Chemistry, Berlin, Germany
BAM Federal Institute for Materials Research and Testing, Berlin Germany
3
Institute of Integrative Neuroanatomy, Charité - Universitätsmedizin Berlin, Germany
4
Helmholtz-Zentrum Berlin für Materialien und Energie, BESSY II, Berlin, Germany
2

Studies on the interaction of nanomaterials with cells have been gaining much interest,
especially in the context of nanosafety, but also of the utilization of nanostructures for
medical applications, e.g., as nanosensors for use in cells. Regarding both aspects,
cytotoxicity and bionanosensing, silver and gold nanoparticles represent an interesting system
for basic studies, as their cytotoxic properties and capability to act as elements of optical
sensors functioning, e.g., based on surface-enhanced Raman scattering (SERS) are known.
The primary interaction between nanomaterials and living organisms is mediated by the
particle surface in the biological medium. Thus, the thorough investigation of chemical and
physical properties of nanoparticles and the processes from uptake to potential apoptosis are
very important for the understanding and evaluation of nanoparticle cytotoxicity.
In the experiments reported here, nanoparticles are transferred into eukaryotic cells from
the cell culture medium via fluid phase uptake. A combination of different techniques were
utilized to study i) the intracellular distribution and agglomeration behaviour, ii) the
molecular composition of the immediate vicinity, and iii) the cytotoxicity of gold and silver
nanoparticles. (1). Prior to the in vitro tests in the cells, stability of silver nanoparticle
suspensions in cell culture relevant media was evaluated by UV-vis, DLS and TEM, revealing
the formation of a protein corona around the particles. SERS enables spatially resolved
investigation of the uptake and transport mechanism of silver nanoparticles inside living cells
and gives chemical information about their local environment, since the nanostructures act as
plasmonic substrate. To complement the SERS data, the cytotoxic behaviour of the
nanoparticles was determined by XTT assay.
The interaction of the nanoparticles with extra- and intracellular molecules was studied
using a combination of Raman scattering, TEM, and synchrotron X-ray microscopy. While
the latter two provide information about the localization of the nanoparticles, and their
interaction with cellular ultrastructure, we use SERS to learn about the molecular composition
of the cellular ultrastructure and the nanoparticle surface. In this way we are able to get
insight into the biological response pathways of nanoparticles directly in the living cells,
starting from endocytosis, over vesicular transport, to accumulation and apoptosis. The
findings may have implications also for other nanomaterials and can improve our knowledge
of particle-protein and particle-cell interactions in general.
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Infrared spectroscopy of single eukaryotic cells is inherently problematic due to the fact that cells
are very efficient scatters of IR radiation. Consequently the raw measured spectra contain both
absorption and scattering information. The advent of the RMieS-EMSC correction algorithm,
however, has enabled absorption spectra to be extracted from the measured spectra facilitating data
analysis based on the biochemistry present in the cells1,2. Here we apply this correction algorithm
in the study of human pancreatic progenitor cell lines.
Congenital Hyperinsulinism (CHI) is a potentially lethal, β-cell associated, disorder of the neonate
characterized by severe hypoglycaemia. As many patients undergo a sub-total or near total
pancreatectomy in the post-natal period order to alleviate hypoglycaemia, we have used postoperative resections of pancreas in order to generate pancreatic progenitor cell lines. In each of the
cell lines – designated NES139, 140, 143 and 144, islet and pancreatic endocrine progenitor cell
markers were identified. These included: Pdx1, Sox9, Hlbx9, Nkx2.2, Nkx6.1, NeuroD1, Pax6, and
FoxA2. Cell lines continuously maintained over a 6 month period developed a mesenchyme to
epithelial-like morphological transition. This involved a decrease in the protein expression of αsmooth muscle actin (α-sma) and vimentin and the upregulation of E-cadhein and occludin. The
cell lines established in this work showed very similar behaviour and here we have used FTIR
spectroscopy to compare the newly established cell lines to a mouse insulin-secreting cell line,
MIN6, and NES2Y – a human side-population progenitor cell line.
Cell lines (NES139, 140, 143 and 144) were derived with consent from 4 patients with CHI, and
were maintained under standard cell culture conditions. These cell lines as well as the MIN6 and
NES2Y cell lines were analysed by FTIR and Principal Component Analysis (PCA) was carried
out on spectra corrected for Resonant Mie Scattering (RMieS).
The Results showed that the MIN6 and NES2Y cell lines separated well from the pancreatic
progenitor cell lines generated by the group. Furthermore, the individual cell lines could also be
separated by PCA, but the separation between them was smaller than that between them and the
MIN6 and NES2Y cell lines, supporting the observation that the newly established cell lines
behave similarly and that they are different from MIN6 cells and the human pancreatic cell line
NES2Y. We believe that FTIR spectroscopy may be of value in the detection of populations of
progenitor cells from the pancreas.
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Dermal stem cells are promising candidates for regenerative medicine because they are able to
differentiate into neuronal, smooth muscle, melanocyte, chondrocyte, adipocyte, osteoblasts
and Schwan cells in vitro [1, 2]. Synchrotron and global FTIR microspectroscopy is shown to
be a valuable tool for studies of different stem cells [3]. The aim of this study was to show the
potential of FTIR spectroscopy for human dermal stem cell discrimination during
neurodifferentiation in vitro using HTS-XT microplate reader.
Dermal cells were differentiated using serum-free medium DMEM/F12 (3:1) with EGF and
FGF-2 during 6 weeks. Neural progenitor cell line ReNcell CX (Millipore) was propagated in
serum-free medium with EGF and FGF-2 on laminin coating. Samples were collected each
week. Expression of neural markers nestin, tubulin bIII, GFAP, p75 was analysed by
immunocytochemical and flow cytometry methods. FTIR spectra were collected using
microplate reader HTS-XT (Bruker, Germany).
FTIR spectra of 1-6 week old dermal cell cultures and ReNcell CX cell line revealed distinct
profiles. Spectra showed changes of Amid I (1651 cm-1), Amid II (1154 cm-1) and lipid band
intensities, the minimum between Amid I and Amid II bands, and the carbohydrate
composition. In the spectra of 6th week dermal cells small band at 1054 cm-1 assigned to
glycogen was well pronounced while not detected in ReNcell CX spectra. The 2nd derivative
spectra indicated changes between ReNcell CX line and dermal cells in several regions. The
spectra profile of ReNcell CX in 1005-950 cm-1 region significantly differed from any of
dermal samples and thus allowed to discriminate the samples during the neurodifferentiation.
Quantitative analysis of cell macromolecular components also showed differences in the
composition of ReNcell CX and dermal cells. During neurodifferentiation the concentration
of proteins decreased - this may indicate the change in the overall protein conformational state
within the dermal cell, and the concentration of lipids increased.
Expression of nestin, tubulin bIII, GFAP and p75 were observed in differentiated dermal cells
and ReNcell CX cell line. Even though neural marker expression pattern was similar, we
found remarkable differences between dermal cell and neural progenitor cell FTIR profile in
protein, lipid and carbohydrate concentrations and composition. Therefore FTIR molecular
signature analysis along with the traditional immunophenotyping methods provides additional
information about the cell differentiation status when dermal stem cells are considered as
potential cell therapeutics for neurological disorders.
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Baker’s yeast is among the most favorite eukaryotic model organisms; it is also popular for
various biotechnological applications.
Yeast biomass and reserve carbohydrate measurements are of paramount importance since it
is a way how to follow the population’s growth dynamics and its eventual stress tolerance.
There are different conventional methods used for microbial (including yeast) biomass
measurements – gravimetrics, spectrophotometry, cytometry [1]. Sometimes the biomass
determination might be affected by additional substances present in particular broth (non
soluble particles, complex carbohydrates, which attaches to cell wall, etc.). Trehalose has
been quantified by enzymatic methods (trehalose assay), but it is also possible to use total
glucose moiety measurements after sequential extraction steps from biomass (anthrone assay)
[2]. Usually trehalose concentrations are normalized to the biomass dry weight or cell
number. So, routinely different methods are used for biomass and trehalose assays. To
overcome technical problems of biomass estimation by traditional methods and to make
trehalose quantification simple and simultaneous with biomass measurements – FT-IR based
method was developed.
Biomass and trehalose analyses were done by microplate reader HTS-XT, Bruker, over the
range 4000 - 600 cm-1. For the calibration curves spectra were evaluated by baseline
correction (Rubber band correction). The appropriate amount of samples for calibration curve
was determined according to the absorption spectra intensity to be 0.35 - 1.25 to fulfill
Lambert-Buger-Beer Law.
Absorptions of several typical (amides, nucleotides, proteins, lipids, carbohydrates) markers
were estimated and linear range between biomass dry weight and absorbencies determined.
Lipids (3002 - 2797 cm-1 region) turned out to form the best linear curve over large range of
biomass concentrations. Besides, the calibration curve was indifferent to yeast growth mode
(fermentative or respiratory), which turned out not to be the case for other biochemical
markers investigated. For trehalose calibration curve seven spectra replicates cut in 1164-962
cm-1 region and integrated by the mode “R”- peak intensity at a given frequency were
averaged and evaluated by baseline correction (Rubber band correction), characteristic peak
of trehalose was at 992.09 cm-1.
To confirm applicability of newly developed FT-IR method for trehalose and biomass
measurements, it was applied to the S. cerevisiae strains of altered trehalose metabolism
(trehalose deficient tps1, tps2 mutants and engineered strain of increased trehalose content).
Results obtained were in good accordance with previously published trehalose and biomass
measurements. We conclude that newly developed FT-IR method for trehalose and biomass
quantification gives results similar to the traditional biochemical and gravimetrical methods
and thus can substitute them.
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The combination of different materials in nanoparticles is leading to interesting
multifunctional nanostructures. In nanomaterials that serve as substrates for surface-enhanced
Raman scattering (SERS), one component is usually silver or gold in order to achieve the
plasmonic properties which are necessary for the enhancement of Raman signals. As
additional components, magnetic materials have gained increasing interest, for example for
immunoassays, where specific separation prior to detection is needed.[1]
We have synthesized bifunctional nanostructures containing iron(III) oxide and silver.
These nanostructures result from the reduction of silver ions in the presence of iron oxide
nanoparticles. Their plasmonic properties are similar to those of pure silver nanoparticles.
Furthermore, we show suitability for SERS-measurements with different analytes. The
included iron oxide nanoparticles are magnetic, and therefore provide the possibility to
specifically separate or enrich the combined nanostructures together with potentially attached
molecules in a magnetic field. Subsequently, due to the local fields generated by the silver
nanostructures, the adsorbed molecules can be detected by SERS. Such an experiment would
be useful for the examination of adsorption and exchange processes on the nanoparticle
surface, which is of interest for a better understanding of SERS.
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Osteogenesis Imperfecta is a genetic disorder in which affected persons experience varying
levels of bone fragility due to their inability to produce normal amounts and/or quality of type
I collagen. Transplantation of healthy stem cells provides potential treatment options which
have been previously suggested1 however further research is needed to determine the
interaction between the stem cells and the recipient. This study investigated Osteogenesis
Imperfecta mice (oim), treated prenatally with human stem cells, using bio-Raman microspectroscopy to determine the biomolecular differences of the bone matrix between oim, oim
with a stem cell treatment (oim+IUT), and wild type mice(WT)2. Raman spectra were taken
from the cortical cross-sections of the mice femurs in a band of frequencies including the
peaks attributed to apatite crystals and proteins associated with the bone mineral matrix.
Further univariate and multivariate statistical analysis has been applied to extract information
on the variances between experimental groups. Raman analysis shows distinct differences in
the bone matrix between males and females receiving the same treatment. Oim in comparison
to WT showed a higher mineral to protein ratio potentially attributed to a decrease in collagen
content. Oim+IUT mice in comparison to oim displayed a higher carbonate to phosphate
ratio and a possible increase in carbonate substitution in females and a sharper apatite peak in
males suggesting a more crystalline matrix. These and other results from Raman analysis
provide insight into how a stem cell treatment would affect the bone matrices of patients
suffering from Osteogenesis Imperfecta.
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Raman spectroscopy today offers a great many of possibilities to study biological samples
related to medical problems like e.g. identification of pathogenic agents or drug interactions.
The combination of these spectroscopic technique with a microscope affords scientists to
explore the microbial diversity as well on the single cell level.[1,2]
Within the framework of our studies, we adopt visible and ultraviolet laser excitation to
differentiate microorganisms on two levels. In the visible excitation range, the Raman spectra
reflect a summary of all chemical components what leads us to a phenotypic information of
our samples.[3] In addition to these single cell investigation, we established a genotypic
identification method by enhancing aromatic amino acids and DNA bases utilizing UVresonance Raman spectroscopy.[4]
In this work we applied both visible and ultraviolet excitation measurements to different
Candida species at single cells and bulk-samples.
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Sustainable energy production is one of the most important issues in future utilisation of
renewable energy resources. Compared with superior plants, microalgae show a higher
photosynthetic efficiency. Besides the aspect of total biomass production, especially the
extraction of lipids from microalgae for biofuel production aroused great interest for lowering
CO2 emissions and reducing today’s dependence on fossil fuels. Since the phytoplankton
reacts to changes in nutrient status by redistributing its resources, the effects of nutrients on
the biomass production have been a subject of intense research. In the past, several strains of
Chlorella green microalgae were studied, e.g. [1, 2]. In our study, Chlorella sorokiniana from
Bioprodukte Prof. Steinberg (Klötze, Germany) were grown under the conditions of a static
monoculture with the experiments run in 1 L sterile Duran glass flasks at 35 °C ± 2 °C over
seven days without CO2-enriched air. Fluorescent lamps were used to provide ambient
lighting with a 12-12 h light-dark cycle simulating natural photoperiodicity. A modified
Bold’s basal medium was used with nitrate changes for simulating also stress conditions
under nitrogen limitation
For studying the intracellular composition rapidly and non-destructively, infrared
spectroscopy has been repeatedly employed; see for example [3, 4]. Because of the small
amounts of available dried microalgae, the KBr-micropellet method was used. All spectra
were corrected for baseline variations and atmospheric water vapour absorption. As a further
pre-treatment, a spectrum normalisation was carried out using the amide II band maximum.
Quantification was done using reference spectra of vegetable oil and pure starch. Changes in
lipid and carbohydrate composition are manifested for four media different in nitrate
concentration with an increase in lipid content found under nitrogen starvation for this
phytoplankton.
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The fast and accurate analysis of microorganisms is more in demand today than ever before.
Especially, in medical sciences appropriate novel efficient methods are needed [1, 2], because
of the essential identification of multi-resistant germs and contagious pathogens, which must
be seen in conjunction with an increasingly mobile world population. Spectra of dry-films of
Pseudomonas fluorescens, which were recorded with a fiber-optic ATR-probe equipped with
a diamond micro-prism, were compared with spectra recorded in transmission on CaF2- and
ZnSe-windows, as well as on PE-foils. For preparation of these studies, a characterisation of
the materials was performed. Here, the polymer foils are certainly more cost effective than the
window materials studied. Furthermore, ATR-spectra of Pseudomonas putida, Bacillus
subtilis, Micrococcus luteus, Escherichia coli as well as spectra of the green algae Chlorella
sorokinia were recorded for the compilation of a first spectral library. A dendrogram was
calculated from hierarchical cluster analysis, showing the spectral distances between the
individual microorganisms using the carbohydrate specific interval of 1200 – 900 cm-1. At
last, a comparison between spectra of bacteria measured with the ATR-technique and spectra
measured with dried bacteria on ZnSe-windows, which were provided by the Robert KochInstitute in Berlin, was performed. Beside investigations on the spectral reproducibility, the
influence of storage with down freezing and warming-up on the bacterial mass and of
different nutrient agars on the spectra of Eschericha coli and Bacillus subtilis was also tested.
Measurements with the ATR-probe delivered spectra in excellent quality. Spectra recorded
with this technique can be compared quite well with conventional transmission measurements
after taking into account the ATR-specific wavelength penetration depth of the probing
radiation. The detection limit with spectra recorded using the ATR-probe under the chosen
conditions was less than 1 µg of dry mass.
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The correlation of optical microscopy and Raman spectroscopy is nowadays a widely used
method for investigating cells, spores and other samples in the µm range [1]. The resolution
of optical techniques is however limited by diffraction, thus preventing investigations of
structures smaller than l/2. For correlative characterization of nanostructures the applied
microscopic techniques must provide a resolution in the nm-range and a significantly
improved sensitivity simultaneously. Recent electron microscopic techniques like highresolution transmission electron microscopy (HR-TEM) offer a spatial resolution in the subnm range, thus enabling even the visualization of single atoms in crystalline samples [2]. The
application of surface-enhanced Raman scattering (SERS) increases the Raman scattering
cross section by several orders of magnitude, providing detection limits down to single
molecule level [3]. This high sensitivity is exploited in tip-enhanced Raman scattering
(TERS), where a metalized AFM tip is used to gain topographic and spectroscopic
information from nanoscale surface features. The combination of electron microscopy [4] and
tip-enhanced Raman spectroscopy [5, 6] would provide not only morphological but also
spectral information on a nano-scale thus enabling a reliable identification of unknown single
biological particles.
References
[1] A. Hermelink, A. Brauer, P. Lasch and D. Naumann, Analyst 134, 1149-1153 (2009).
[2] Y. Jie et al., J. Appl. Phys. 109, 033107 (2011).
[3] M. Laue, Methods in Cell Biology 96, 1-20 (2010).
[4] D. Cialla, T. Deckert-Gaudig, et al., J. Raman Spectroscopy 40, 240-243 (2009).
[5] P. Hermann, A. Hermelink, V. Lausch, et al., Analyst 136, 1148-1152 (2011).

Poster Session

Advancements in single cell FTIR imaging: Evaluating RMieS-EMSC
corrected single cell images at the diffraction limit
Caryn Hughesab, Mick Brownb, Alex Hendersona, Michael J. Nassec,
Carol J. Hirschmuglc, Noel W. Clarkeb, and Peter Gardnera
a

Manchester Interdisciplinary Biocentre, University of Manchester, 131 Princess Street,
Manchester, UK M1 7DN
b
Genito-Urinary Cancer Research Group, School of Cancer and Enabling Sciences, Paterson
Institute for Cancer Research, University of Manchester, Christie Hospital NHS Trust,
Manchester Academic Health Sciences Centre, Manchester, UK M20 4BX
c
Synchrotron Radiation Center, University of Wisconsin-Madison,
Stoughton, WI 53589-3097
Fourier transform infrared (FTIR) microspectroscopy has been shown to be useful in cancer
research at the single cell level. For example, the invasive properties of malignant prostate
cancer ‘PC-3’ cells have previously been studied to improve understanding of cellular
migration through tissue with the use of chemical mapping with Synchrotron radiation [1].
The chemical specificity of FTIR imaging may also provide valuable information for the
analysis of novel anticancer compounds in terms of efficacy in drug-cell interaction studies.
Historically SR-FTIR imaging of single cells has been limited to a lower achievable spatial
resolution relative to the nanometre resolving power of Raman imaging due to the diffraction
limit. Recent advances in synchrotron-based technology at the IRENI beamline (Synchrotron
Radiation Center, Wisconsin, U.S.A) has provided a means to achieve much improved spatial
resolution with fast data acquisition speeds using a focal plane array (FPA) system and an
experimental setup comprised of 16 Synchrotron beams [2]. Single cell analysis has also been
hampered by spectral perturbations caused by resonant Mie scattering (RMieS). Such
perturbations include peak shifts and distorted baselines which has made correct interpretation
of the true chemical information difficult. The ‘RMieS-EMSC’ correction algorithm has been
developed as a consequence of increased understanding of this physical phenomenon [3].
An infrared image of a PC-3 cell has been acquired at the IRENI beamline to demonstrate the
application of the RMieS-EMSC correction algorithm to improve spectral image quality and
sub-sequential analysis for SR-FTIR cell images at the diffraction limit.
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Total intensity SR-FTIR FPA image of
a PC-3 cell with 0.54 um2 spatial
resolution
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A novel technique for the extraction of single cell spectra from an IR image
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Peter Gardner
In recent years there has been growing interest in the study of single biological cells using
infrared micro-spectroscopy. This technique enables the global chemistry of a cell to be analysed
and compared from cell to cell. Unfortunately, using a laboratory based infrared microscope and
a thermal source is not possible to obtain spectra from an area the size of a cell in a realistic
timeframe. In order to get round this limitation researchers have exploited the considerable
brightness of a synchrotron source which means a spectrum of a single cell with good signal to
noise ratio can be obtained in about 1 min. This, however, is still not a high throughput process
since each cell has to be measured sequentially. In addition measurement time at synchrotrons is
limited and very expensive.
In this project an alternative method is being developed in which a laboratory based imaging
system is used to obtain an infrared image of a large area containing hundreds of cells. The
image takes longer to obtain than at a synchrotron but the multiplex advantage means that the
total time taken to analyse say 100 cells is faster. Up until now we have not been able to exploit
this advantage since there was no way of linking the spectra from the image to a particular cell in
the image.
The aim of this work was to perform the extraction of those spectra that are related with a single
cell within an IR image. In order to achieve this objective, a MATLAB algorithm was written, it
uses as an input the entire IR image and the heat map of the surface, based upon these images the
algorithm enables the user to extract the following information:
a) The number of cells identified while performing the algorithm,
b) The precise location of each cell,
c) How many spectra make up each cell, and
d) The average spectrum per cell contained in the field of view.
After doing this (which takes about 1 or 2 seconds in displaying the new data sets and the proper
graphs), the user is allowed to discard all those spectra that might come from cell debris by
observing simultaneously the visible image of the field of view and the total absorbance map of
the IR image.
As a result of the application of this new algorithm we obtain as many averaged spectra as cells
contained within the IR image and therefore their location is known as well as reducing the
amount of time invested in collecting individual spectra per cell.
a)

b)

c)

Figure 1. a) IR image of several Renal Carcinoma Cells
grown and formalin fixed onto a MirrIR slide; b) and c)
show the corresponding averaged spectrum per cell after
being corrected by the RMieS algorithm.

Figure 2. Average spectra per cell contained in the
IR image after being corrected using the RMieS
algorithm.
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Planar, nanostructured plasmonic substrates have become a basic tool for applications of
SERS to analytical problems [1, 2], as such a substrate permits high reproducibility of
spectral signals from an analyte. The use of SERS for analytical applications requires stable
and reproducible substrates that are easy to prepare so that they can be generated on-demand,
directly in the analytical laboratory. A promising approach is the immobilization of
nanoparticles by organo silanes that carry a functional group for nanoparticles binding, e.g. an
amino group [1],[2], but the enhancement of such surfaces has been characterized very poorly
so far.
Here, we report on the characterization of nanoparticle monolayers from four different
types of nanostructures immobilized with two different aminosilanes regarding enhancement,
signal stability and homogeneity in the SERS experiment. For the characterization of the
properties of the nanoparticles in solution and on the substrate, direct (electron microscopy,
scanning force microscopy) and indirect methods (UV/Vis absorption) were used.
By immobilization of two different sized monodisperse gold nanoparticles we could
show that in contrast to nanoparticle solutions [3] the immobilized nanoparticles show no
dependence of the enhancement on analyte concentration. This makes the surfaces ideal
substrates for analyte quantification and promising for the use in microstructured SERS
sensors.
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Analyzing the silica content in diatoms via FTIR spectroscopy
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FTIR spectroscopy has emerged as a versatile method to analyze phytoplankton samples in
the last decade. It is used to study the composition of cellular compounds by band comparison
or the quantitative determination of proteins, carbohydrates and lipids [1, 2 & 3] and
rosmarinic acid [4]. However, as carbohydrates and silica show a largely overlapping
absorption, a quantitative analysis of silicious species such as diatoms proved to be difficult.
Since diatoms depend on Si for growth due to their frustule and being a major phytoplankton
group which contributes to the phytoplankton primary productivity to 50 %, we tested the
application of FTIR spectroscopy methods even under the Si-background.
Therefore, the two diatom species Cyclotella meneghiniana and Skeletonema costatum were
grown under Si replete and Si limited steady state conditions. This caused an adaptation of the
cultures to different Si availabilities, leading to cells of 3.5 % to 12 % Si per dry weight and a
Si:C ratio of 0.06 to 0.34 w*w-1. The collected data was used to generate PLS (partial least
square) methods from FTIR cell spectra which are able to predict the amount of Si per dry
weight and the Si:C ratios of these two species separately. Furthermore, data of cultures
grown in batch cultures and of two other diatom species (Thalassiosira weisflogii,
Phaeodactylum tricornutum) were added to create PLS methods which predict Si:C ratio for
multiple species. Testing these methods by five independent data sets showed that this
approach delivers solid results.
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The physical stress causes biochemical, molecular, and genetic changes associated with
the adaptation reactions to physiological stress. Secretion of saliva and its composition are controlled by the autonomic nervous system (ANS), with the change in ANS activity leads to a
change in the characteristics of saliva secretion [1]. The relationship between the functional state
of the human body and physiological activity of the salivary glands suggests the possibility of
using the saliva as the source of diagnostic information, which possesses a number of advantages
over analysis of other biological fluids [2, 3].
Nowadays the panel of methods used in saliva analysis broad performed by immunoassay, colorimetric, enzymatic, kinetic, chromatographic and mass spectrometric methods. Identification and quantification saliva biochemical parameters in the middle infrared region are not
used for diagnostic purposes, although its components are highly specific bands in this spectral
region [4].
We focused our work on noninvasive physical stress monitoring using saliva as a diagnostic biomaterial and fiber sensors as an analysis technique. The study included 48 well-trained
regularly practicing male athletes. Saliva samples were collected before and immediately after
treadmill test with an incremental step protocol until exhaustion.
Saliva spectra were recorded in the 4000–700 cm-1 region using FTIR spectrometer ReactIR 1000 coupled with PIR-fiber probe. The volume of saliva sample was 2 μL. The sample was
dried on the probe tip 3-5 min and then the spectra of saliva film were recorded. Analysis was
done by calculation of difference spectra (rest saliva spectrum subtracted to exercise saliva spectrum). IR-difference spectra clearly show the influence of physical stress. Cluster analysis of
spectral date showed the best sportsmen saliva spectrums were quite different from others.
Vibrational spectroscopy of saliva plus real time monitoring and molecular analysis can
be done by PIR-fiber probes. The problem of noninvasive methods of determination training
status and metabolic changes during endurance exercise is essential. The present study has demonstrated that new way including surgery FTIR spectrometry with fiber optic probes is useful
tool for determination metabolic changes in saliva and the real-time checking of response to
stress.
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Invasive bacterial infections are a serious health care problem. Fast identification of the
causing pathogens can help to choose an appropriate therapy, to milden the progress of
disease, to decrease mortality rates and sequelae.
For example in cases of Sepsis, which is a complex systemic inflammatory response
syndrome with a suspected or proven infection, the mortality rate increases dramatically if
there is no adequate treatment within the first hours after the onset of a septic shock. [1]
The aim is to provide a fast and non-destructive method to identify Sepsis relevant pathogens,
where some Streptococcus species belongs to the important ones. We use a Raman
spectrometer which is coupled with a microscope so that the spatial resolution is below one
micrometer. The advantage is that it can be worked on a single cell level. Micro-Raman
spectroscopy provides a spectroscopic fingerprint of the chemical composition of single
bacterial cells and in combination with chemometrical methods it can be utilized for fast
identification of pathogens. [2-4]
By applying a micro-Raman setup with a 532 nm excitation wavelength we investigated five
species out of the genus Streptococcus. By using various chemometrical methods like
principal component analysis and linear discriminant analysis it is possible to distinguish
between different species of this genus. The accuracies for classification to validate a model
system and also for identification of independent samples are over 97%.
Our study shows that we can identify the investigated Sepsis relevant pathogens by using
micro-Raman spectroscopy. This suggests that the results can be transferred to other genera.
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As monocytes are an essential part of the immune response they hold a potential to serve as a
diagnostic tool. In the course of cellular signal transduction during stress response caused by
e.g. pathogens cellular membrane lipids are rearranged. The specific formation of lipid raft
domains may provide biomarkers for diagnosis in sepsis associated bacteremia. Raman
spectroscopy as a fast, flexible and specific technique shall be applied to investigate the
monocytic host response. To perform Raman spectroscopy with monocytic cells there is a
need of a gentle spatial fixation system. We want to identify and depict raft domains and
reveal differences between resting and activated cells.
We established an immobilisation system with calcium alginate enabling us to perform
Raman maps with both living and chemically fixed cells in the growth medium. Raman maps
were recorded at 785 nm using a water immersion objective. As the single spectrum
acquisition time was 1 s and the spatial step size 0.5 µm the total mapping time for a whole
cell amounted to 30 to 45 min. To visualise changes in the cell upon activation hierarchichal
cluster analysis was adopted as an unsupervised statistical method. The two prototypic
effectors bacterial endotoxin lipopolysaccharide (LPS) and the proinflammatory mediator
tumor necrosis factor α (TNFα) resulted in membrane rearrangement. Upon activation the
Raman spectra of the cells considerably changed compared to the resting ones. With the help
of hierarchical cluster analysis lipid raft domains were identified and visualized.
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Atherosclerosis is a multietiological inflammatory disease involving large and
medium-sized arteries. Despite many intense studies, the patomechanism of this disease is
still not fully understood. The creation of gene-targeted mice opened new horizons to
investigate the pathogenesis and treatment of this disease. ApoE-knockout mice display early
and advanced vascular lesions including lipid deposits and inflammatory cell infiltration as
well as valvular calcifications.
Spectroscopic techniques have become valuable tools to study biological systems.
Since tissue samples are very complex structures, the application of only one technique does
not disclose all expected information. Combining the distribution and concentration of trace
elements and macromolecules with histological stainings seems to be an adequate approach to
get a complete physicochemical analysis of studied systems.
The aim of the present study was to investigate changes in the distribution of selected
pro- and anti-inflammatory elements as well as differences in macromolecule ratios in
atherosclerotic plaques of apoE-knockout mice fed chow diet supplemented or not with
AVE 0991 - angiotensin (1-7) receptor agonist (a potential candidate for atherosclerosis
treatment) [1]. We combined synchrotron radiation micro-FTIR and micro-XRF spectroscopy
with histological examination to determine the concentration of trace elements and the
distribution of macromolecules in histologically defined areas of atherosclerotic plaques.
Histological stainings showed more advanced atherosclerosis in control animals
treated with diet not supplemented with AVE 0991. The presented analysis is focused on the
atheroma area (oil red-O staining) of plaques in both analyzed group. The treatment with
AVE 0991 caused the increase of P, S, Ca, Cu, Zn and Se concentrations and decrease of Cl,
K and Fe in atheromas as compared to the control group. [2] The FTIR analysis was mainly
based on differences in relative secondary structure of proteins, saturation levels of
phospholipids and lipid to protein ratio. Moreover, some attempts were made to identify
particular mineral deposits in atherosclerotic plaques and in aortic valves.
The research leading to these results has received funding from the European Community's
Seventh Framework Programme (FP7/2007-2013) under grant agreement n° 226716. The
data were obtained during the realization of DESY – D – II – 20100089 EC and
SOLEIL - 20100901 projects.
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The genus Legionella comprises approximately 50 species and twenty of them, including all
16 serogroups of Legionella pneumophila are related to severe community-acquired
pneumonia named Legionnaires’ disease [1]. Conventional detection methods of individual
bacterial species in environmental samples, which typically involves cultivation, are both
time consuming and uncertain, due to the slow growth of the bacteria and the close
relationship of these pathogens with the diverse and rich background microflora. Therefore,
the aim of the investigation is to develop a cultivation independent and rapid detection
method for clinically relevant Legionella species in water samples. Recently, Raman
spectroscopy has emerged as a rapid and inexpensive method for identification of bacterial
species [2]. This study evaluates the use of micro-Raman spectroscopy of single bacterial
cells combined with chemometrics for rapid species and serogroup classification and
identification of 20 Legionella species recognized as human pathogens. In order to avoid the
cultivation step, immunomagnetic separation based on a fast and specific antigen-antibody
reaction is a promising method and can be employed for separation of Legionella cells from
various microorganisms and complex biofilm formations, which are usually present in
environmental water samples [3].
Acknowledgements
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Objective. Infections with hospital-associated strains of Enterococcus faecium increased in
intensively cared patients. Hospital strains differ from colonizing strains by a specific core
genome and an additional accessory genome of several 100 kb including a pathogenicity
island, genomic islands, prophages and plasmids. Hospital strains are more often multiresistant and express an enhanced spreading potential among the nosocomial setting. Our
hypothesis suggests that the mentioned genomic differences may be reflected by specific
protein patterns. We used a sophisticated extraction protocol and subsequent MALDI-TOF
MS analysis to evaluate the discriminatory power of this method for differentiating isolates of
E. faecium of various origins.
Materials. We included 114 pre-characterized E. faecium strains from animal/food (pig,
poultry/chicken, pork, poultry/chicken meat) and human sources and from single infections
and outbreaks isolated between 1995 and 2008. All isolates were MLST typed and strains
were allocated to specific clonal complexes as based on eBURST/goeBURST. Strains had a
varying resistance pattern and included vancomycin-resistant enterococci (VRE: vanA/B).
Microbial sample preparation was carried out according to a trifluoroacetic acid (TFA)-based
acid extraction protocol. Mass spectra were acquired in the linear mode from three
independent microbial cultures of each microbial strain by an AutoFlex I MALDI-TOF mass
spectrometer (Bruker Daltonik, Bremen). The strategy of MS data evaluation included
unsupervised hierarchical cluster analysis and supervised artificial neural network analysis.
Results. Outbreak strains possessed MLST types allocating them to the clonal complex of
hospital-associated strains (CC17). By using the supervised classification approach which
included training, internal validation and external testing, we were able to differentiate in the
independent test data (38 strains) between hospital-associated (MALDI pattern 1) and
colonizing strain types (MALDI pattern 2). Systematic analyses for specifically identifying
mass peaks linked to a corresponding origin of a strain, clonal type or complex did not reveal
statistically relevant biomarkers.
Discussion. MALDI-TOF MS is a simple, rapid, and cost-effective method to differentiate
between hospital (CC17) and colonizing strains of animals and humans of E. faecium
allowing thus a timely and effective outbreak recognition and response. However, MALDITOF has its limitations; it cannot be used to predict resistance patterns (VRE) or to subdifferentiate to the level of distinct clones.
Conclusion. MALDI-TOF MS analysis allows differentiating hospital-associated E. faecium
strain types (CC17) from colonizing strains of animals (food) and humans.
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Due to their antimicrobial properties, nanoparticulate silver is increasingly used for various
types of consumer products such as lingerie, food packaging materials, toothbrushes and
pillows, just to name a few. Playing a crucial role in the immune system, we chose the human
acute monocytic leukemia cell line THP-1 as a model to study the effects of 20 nm sized
protein coated silver particles upon entry into the human body. In a first step, cell viability
was assessed using the proliferation reagent WST-1. Based on the obtained dose-response
curve, we investigated the initial biochemical events in THP-1 cells in vitro by using FTIR
microspectroscopy. Furthermore, dose dependent spectral alterations were compared to those
induced by the alkaloid staurosporine, a known apoptosis inducing bacterial toxin.
Using FTIR microspectroscopy as a fast, cheap, sensitive and simple method, we aim to
contribute substantially to the urgently needed risk assessment of these novel materials.
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DNA sequencing refers to determine the order of the four nucleotide bases (adenine,
cytosine, guanine, and thymine) in DNA strands. It is central to modern molecular biology
and molecular diagnostics, because identification of a particular disease is based on nucleic
acid identification. Established DNA sequencing approaches are mostly based on PCR
amplification or invasive fluorescence labeling. Reading the base sequence of individual
molecules without the need of amplification or other modifications of the molecule is one of
the greatest challenges in biotechnology. [1]
Here we investigate the intrinsic properties of tip-enhanced Raman scattering (TERS)
towards the development of a novel label-free direct sequencing method. It is known that
TERS allows the acquisition of spectral information with high lateral resolution (~10nm) and
single molecule sensitivity. [2]
In preliminary experiments single stranded adenine and uracil homopolymers were
immobilized on different kinds of substrates (mica and gold nanoplates, respectively) and
TERS experiments were conducted, which demonstrate the high reproducibility of the
technique. In order to characterize different signal distributions of distinct Raman bands
TERS spectra were collected on single stranded calf thymus DNA with arbitrary sequence.
The results show that although the Raman scattering cross section of the four nucleobases
differs remarkably, specific bands can be determined for each respective base.
The combination of sensitivity and reproducibility shows that crucial demands for a possible
sequencing procedure using TERS are met. Due to the size of the tip, 20-60 bases are
detected in one TERS spectrum hence the sequence of the DNA single strand underneath the
tip can be obtained by laterally shifting the tip in intervals of one base-to-base distance and
then deduce the spectra. [3, 4]
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The application of microprobe systems to study DNA damage is a very important development for
understanding the response of biological systems to radiation exposure [1]. Research of radiation dosedependent biological effects (such as DNA double strand breaks – the most important DNA damage
produced by ionizing radiation) enhances the understanding of the mechanisms leading to cell death
[2]. Optimization of SR-FTIR microspectroscopy to study radiation damage in single cells allows fast
detection of damage in lipids, proteins and nucleic acids on molecular level at the same time. The aim
of this study was the application of SR-FTIR microspectroscopy to investigate the DNA damage in
single cells exposed to proton and X-ray microbeams.
The DNA damage in single cells was induced by two types of ionizing radiation: a) protons from
the focused horizontal microbeam of the Van de Graaff accelerator and b) X-rays from the 4.5 keV Xrays microprobe. The prostate cancer cells DU-145 were irradiated by specific number (50, 200, 400,
2000, 4000) of protons (with the energy of 0.5, 1 and 2 MeV) and comparable dose of X-rays (0.1, 0.2,
0.5, 2, 5 Gy) per cell. The FTIR analysis of fixed cells was performed at the SR source at SISSI
beamline, ELETTRA Laboratory, Trieste, Italy. More than 30 SR-FTIR spectra of single cells for each
group were collected. The spectral region of 950 cm-1 – 1240 cm-1 was subjected to statistical analysis.
Principal Component Analysis (PCA) showed some clustering between all spectra. The
hierarchicial cluster analysis (Ward’s method) was performed to illustrate the degree of similarity
between the averaged spectra of each cell in the same group. The cellular spectra bands (more than 50
ones derived from proteins, nucleic acids and lipids [3-4]) were fitted with Gaussian-Lorentzian curves
after the Mie scattering effect correction [5]. The dose-depended changes in the relative intensities of
peaks: 960 cm-1 (ribose-phosphate skeletal motions), 1084 cm-1 and 1095 cm-1 (symmetric and
antisymmetric stretching of O-P-O band ), as well as shape and intensity modification of the 1105 cm-1
peak (symmetric stretching of P-O-C band) were observed. The results were compared with spectra
simulations generated by HyperChem and Gaussian programs. The Density Functional Theory (DFT)
method was appplied for vibration and rotation analysis of damaged DNA molecule such as: DSB double strand break, SSB – single strand break, DNA-DNA crosslinks, and oxidative damage.
The results obtained with SR-FTIR application allowed to find the correlation between the type,
energy and dose of applied radiation and probability of specific DNA damage appearance.
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Fourier Transform Infrared (FTIR) spectroscopy provides quantitative information of cellular
composition of the biomass produced by photosynthesis. The chemical nature of these
photosynthetic products can be identified on the basis of their characteristic molecular
vibration bands of macromolecular pools (e. g. proteins, lipids, and carbohydrates). Therefore,
FTIR spectroscopy analysis can be applied to quantify the distribution of fixed carbon in the
phytoplankton cells (cellular molecule composition), but also the elemental ratios, e.g. the
C:N ratio, which is an indicator for the growth potential of the different phytoplankton taxa.
All these cell properties were calculated using regression models, which have been validated
by standard substances or chemical reference data.
The aim of this study was the use of these FTIR-techniques for monitoring changes of cellular
properties of poly-algal lab culture and natural phytoplankton communities under modified
light and/or nutrient conditions and in natural ecological environments, respectively. In the
study, we used flow cytometry (FACS) to sort different algal species from a mixed algal lab
culture and from fresh water samples taken from a eutrophic lake (Lake Auensee, Leipzig,
Germany). We show that FTIR spectroscopy can be used to quantify the photosynthesis end
products per cell as carbohydrate:protein:lipid ratio and the cellular C:N ratio of a selected
taxonomic phytoplankton group within a mixed phytoplankton population. This opens the
possibility of monitoring cells with respect to their biochemical features within a wide range
of research applications.
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Aggregatibacter actinomycetemcomitans settle in human oral cavity its natural habitat. It has
attracted particular interest by closest association with oral pathologies and others non-oral
infectious diseases including endocarditis, pneumonia, septicemia, osteomyelitis, bacteremia,
skin infections and abscesses, arthritis and urinary tract infections. Early reports describe that,
Aggregatibacter actinomycetemcomitans non-oral strains shown extensive similarity with
strains collected from the oral cavity. In this study we have used strains of Aggregatibacter
actinomycetemcomitans ATCC 29523, its highly leukotoxic JP2 clone and clinical isolate
from the human blood and measured by using a FT-IR Perkin Elmer Spotlight 400. This study
was performed in triplicate, under controlled conditions of temperature, time and medium
environment. A total of 75 spectra for each strain were obtained by using the method of
stamping in ZnSe window. Biochemical analyses were performed to study the differences
between organisms of the same species after culturing for 10 hours. This cultivation time is
significantly reduced in comparison to 48-72 hours from the conventional grown. Significant
spectra differences were found among each organism allowing the identification and
characterization of each bacterial species. Vibrational modes in the regions of 1038 cm-1,
1060 cm-1, 1100 cm-1, 1312 cm-1, 2928cm-1 were used in this differentiation. The
identification and classification of each strain were performed by cluster analysis presenting a
100% of strains separation. We demonstrated that FT-IR could be used to decrease the
identification time compared to the traditional methods.
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We focus on the sensitive biochemical and functional imaging of human tissue
samples with the help of synchrotron-based FTIR-micospectrocopy. FTIR-microspectroscopy
is an optical non-invasive technique and has proven to be a fast diagnostic readout tool for
highly multiplexed analysis of various biomolecules, mainly in the biomedical field.
Depending on the experimental demands, micron-scale or rather sub-micron-scale resolution
is the ultimate goal and synchrotron-based FTIR microspectroscopy could improve the
resolution compared to conventional light sources, allowing high-resolution optical imaging
of sub-structures and biomarkers introduced into the biosamples.
We performed systematic studies on the optical properties of human tissue samples under
different preparation and conservation procedures in the spectral range from 1000 cm-1 to
3900 cm-1. Our metrological approach included microspectroscopical studies in the MIR
region under implementation of brilliant synchrotron radiation and internal light sources. Due
to the wide frequency range of a brilliant synchrotron light source, the entire infrared
spectrum in the range from far-IR to near-IR can be delivered for different experimental
requirements.
FTIR-measurements were performed at the Metrology Light Source (MLS) of the PTB, an
unique low-energy electron storage ring that provides the basis, as a versatile measurement
and diagnostic tool, for numerous research applications, particularly in consideration of
metrological aspects.1,2 Furthermore, the MLS is the first electron storage ring optimized for
generating coherent THz radiation.3
For a reliable clinical diagnosis considering the distinct localization of cancerous and healthy
tissue areas, even in deep regions and especially at surgical intervention, we studied the
interaction between electromagnetic waves and the sample matrices in the far-IR.
We will discuss the potentials concerning different experimental conditions of our
synchrotron-based measurements on different biological samples with respect to their
physicochemical properties. In our studies metrological aspects are taken into consideration,
such as the sensitivity of the detection of tissue samples and tissue samples labeled with novel
biomarkers and contrasting agents, as well as the reproducibility and spectral quality, i.e.,
signal-to-noise ratios of all datasets generated during synchrotron and globar light source
excitation. Further experiments involve studies on the stability of synchrotron light spots of
different sizes focussed at the sample/substrate interface during long-term radiation exposure.
Therefore, based on all performed and prospective measurements, we intend to deepen our
experimental studies concerning the screening of novel biomedical assays and pursue novel
synchrotron microspectroscopical applications, primarily in the biomedical field.
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Enteritidis (of serogroup D1) and Typhimurium (serogroup B) are the most frequently isolated serovars of Salmonella enterica in cases of human salmonellosis. To control the main
sources of this zoonotic pathogen poultry populations are treated with attenuated live vaccines. The distinction of vaccine and pathogenic wild type strains requires specific assays. For
differentiation of two poultry vaccine strains, Salmonella VAC E (AviPro®, Lohmann Animal Health, Cuxhaven, Germany) and Salmovac SE (IDT Biologika, Dessau, Germany), from
other salmonellas of serogroup D1 a new method was developed by means of Fourier transform infrared spectroscopy (FT-IR) and artificial neural networks (ANN). 548 spectra from
74 serogroup D1 isolates were used for training of the ANN. Both vaccine strains can be differentiated from wild type strains of the same serogroup with a residual risk of less than 1 %
using repeat determination.
To evaluate the discrimination power of FT-IR we trained ANN to distinguish all 74 isolates.
The learner was trained and cross-validated automatically using RapidMiner (Rapid-I, Dortmund, Germany). Isolates that appeared indistinguishable according to the resulting confusion
matrix were fused into new classes and the learning and validating process was repeated with
a reduced number of classes. The process ended up in 20 classes of well distinguishable 'spectrovars', revealing the potential for typing salmonella strains, which could be applied for tracing contamination routes.
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Spectral Cytopathology (SCP)1 is an innovative approach for disease diagnosis that
utilizes infrared micro-spectroscopy (IR-MSP) to interrogate unstained tissue or cellular
samples and analyzes spectral data using unsupervised multivariate statistical methods, such
as principal component analysis (PCA).2 In the past decade, SCP has taken considerable
strides in its application for disease diagnosis; however, the effects of sample fixation and
storage are still not thoroughly understood and often debated.3,4 Conversely, fixation and
staining methods in traditional cytopathology, typically focused on maintaining the
morphology of cells, have been documented and widely accepted for nearly a century. For
SCP, fixation procedures must preserve the sample’s biochemical composition so that
spectral changes significant to disease diagnosis are not masked.
We report efforts to study the effects of fixation methods commonly used in
traditional cytopathology and SCP to demonstrate its role in disease diagnosis. Both fixed
(i.e. buffered formalin and alcohol mixture solutions) and unfixed protocols applied to
exfoliated and cultured cells are presented to understand if changes differ based on cell type
or fixation protocol. Data suggest that length of time in fixative and duration of sample
storage via desiccation contribute to minor spectral changes, where spectra are nearly superimposable. Conclusions imply that changes due to fixation are negligible in comparison to
changes induced by disease.
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The American Cancer Society estimated that in 2011, ca. 34,300 new cases of oral
cancer would be diagnosed and ca. 6,900 people would die of the disease. Unlike the Pap test
for cervical cancer, there are currently no standard screening protocols for oral cancer, and
many cases of oral cancer are asymptomatic until the disease has reached an advanced
stage.[1] Oral cancer occurs more frequently in men than women (nearly two times as
frequent), and risk factors include excessive alcohol or tobacco use and in 25 percent of
cases, human papillomavirus infection.[2]
Previously, Spectral Cytopathology (SCP) has detected infrared spectral changes in
exfoliated oral mucosa cells from a small number of subjects based on anatomical region,
tobacco and drug use (recreational or pharmaceutical), herpes simplex virus infection, and
squamous cell carcinoma of the tongue, cheek and mouth floor by multivariate analysis,
principal component analysis (PCA).[3] Currently, The Laboratory for Spectral Diagnosis has
commenced an independent pre-clinical trial at Northeastern University in an effort to
develop a method for oral cancer screening utilizing spectroscopic methods, specifically
infrared micro-spectroscopy (IR-MSP). Thus far, exfoliated oral mucosa cells from the cheek,
tongue, and mouth floor have been collected and analyzed by SCP from 100 volunteers.
Participants filled out a questionnaire specifying their demographic information as well as
alcohol and tobacco use, medication, history of oral disease, mononucleosis or herpes viral
infection, and if they received the HPV vaccination. Presented are the results reflecting the
first phase of this pre-clinical trial.
References
[1] American Cancer Society: “Detailed Guide: Oral Cavity and Oropharyngeal Cancer”, [cited 2011 30
August], Available from: www.cancer.org.
[2] H. z. Hausen: “Infections Causing Human Cancer”, John Wiley and Sons, Ltd. (2006).
[3] K. Papamarkakis et al., Lab Invest 90, 589-598 (2009).

Poster Session

Rapid identification of pathogenic milk contaminations
S. Meisel1, S. Stöckel1, M. Elschner2, F. Melzer2, P. Rösch1 and J. Popp1,3
1

Institute of Physical Chemistry and Abbe School of Photonics, Friedrich Schiller University
Jena, Helmholtzweg 4, D-07743 Jena, Germany
2
Friedrich Loeffler Institute, Federal Research Institute for Animal Health, Institute of
Bacterial Infections and Zoonoses, Naumburger Straße 96a, D-07743 Jena, Germany
3
Institute of Photonic Technology, Albert-Einstein-Straße 9, D-07745 Jena, Germany

Brucellosis is a highly contagious zoonosis caused by bacteria of the genus Brucella while
e.g. ingestion of unsterilized milk of infected animals. To the best of our knowledge current
diagnosis is mostly based on clinical observation that may be complemented by PCR,
serology and microbiological culture tests. However, the former are time-consuming and
partly expensive, the latter are hampered by dealing with detection of microorganisms from
complex matrices on short time scale.
To improve the Brucella detection from milk micro-Raman spectroscopy in combination with
an elaborate isolation step seem to be a promising option as a pre-diagnostic tool, since the
method is highly specific, non-destructive and allows detection on single-cell level with only
marginal sample preparation [1].
An attempt to solve the problem was to create a suitable database including spectra of
different Brucella species as well as spectra of closely-related bacterial species like
Ochrobactrum [2] and spectra of those species, which are well-known to cross-react with the
others in current detection systems, like Yersinia. Furthermore, common milk-born, Gramnegative and also pathogenic species (Pseudomonas spp. and E. coli) were included to reflect
a realistic surrounding.
Initially, all 15 investigated species were analyzed after treating with formaldehyde solution
as inactivation method [3] and a database with over 3200 Raman spectra was created. A linear
discriminant analysis (LDA) of this spectral data allows an identification of Brucella with a
sensitivity >94% and an overall identification accuracy for all genera of 96%.
Further, a second database (~3000 spectra) with all species inactivated directly from milk was
measured to realize the matrix conditions and investigate differences in the spectra occurring
from different growth behavior in milk in comparison to the spectra of the other database.
In this contribution the results of the before-mentioned study will be presented. Thereby the
applicability of micro-Raman spectroscopy with a beforehand established spectral database of
a various number of Gram-negative microorganisms together with chemometrical calculations
like LDA or support vector machine (SVM) provide the basis for identification of pathogens
within hours.
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Nanoparticles can be utilized to overcome the undesired side effects that occur with
current chemotherapeutic treatments by delivering the drug directly to the tumor site. Ramanactive gold nanoparticles (RA-AuNPs) can be used as biotags to deliver and track the
nanosystem throughout cervical cancer cells by exploiting surface-enhanced Raman
spectroscopic (SERS) effects.1 We propose a nanosystem design containing a gold
nanosphere core along with a SERS reporter (2-cyano-2-hexanoic acid) and polyethylene
glycol (PEG) modification. The SERS reporter behaves as a beacon by enhancing the Raman
signal while the PEG modifications provide minimal cytoxicity2. Thus, SERS coupled with
optical microscopy allows us to detect and monitor RA-AuNPs capable of delivering
chemotherapeutic agents.
The RA-AuNPs were incubated in cervical cancer cells at various concentrations and
times to study the induced biochemical changes. Data are presented using multivariate data
analysis techniques, namely vertex component analysis (VCA)3, to demonstrate the uptake of
the nanoparticles and their distribution within the cells.
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Fungi of the genus Mortierella are known to produce oil vesicles in various amounts within
their hyphae. These oils often are rich in various polyunsaturated fatty acids (PUFAs) and
thus present a promising source for industrial exploitation of highly unsaturated long chain
PUFAs. However, how or why the fungi produce these oil vesicles in the first place is still a
matter of debate. Knowledge about the spatial distribution and composition may help to
understand the role of the oil for the fungus. Unfortunately, the current method of choice for
investigating these fungal oils consists in the extraction of the oil from the mycelium, hence
naturally deleting all spatial information in the process. Raman spectroscopy on the other
hand is a non-destructive technique that can provide information about the degree of
unsaturation in lipids. [1, 2] Therefore we want to apply Raman micro-spectroscopy to
spatially investigate single oil vesicles inside intact hyphae.
For these spatial investigations, hyphae of various Mortierella species were successfully
grown onto microscopic slides. Single hyphae containing oil droplets were selected and
Raman spectra of numerous oil vesicles were taken over the length of several hundreds of
micrometres. From the spectra, information about the total degree of unsaturation was
extracted. When comparing the values from different vesicles within one hypha no significant
change could be observed. Also for different morphological structures (branching points, side
branches, hyphal tips) the oil composition does not differ in the degree of unsaturation.
Comparing measurements from different single hyphae of one sample, it appears that the oil is
the same everywhere within one sample.
From the measurements it can be concluded that the oil produced by the fungus is of constant
composition with regard to the degree of unsaturation. Morphology does not seem to effect
either oil production or oil composition. Also no preference for the accumulation of the oils at
specific sites of the hypha could be identified.
We gratefully acknowledge financial support by the German Research Foundation and the
Jena School for Microbial Communication.
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Biofilms develop successively on devices of milk production without sufficient cleaning and
originate from the microbial community of raw milk. The established biofilm matrices enable
incorporation of pathogens like Listeria monocytogenes which can cause a continuous
contamination of food processing plants. L. monocytogenes is frequently found in raw milk
and non-pasteurized raw milk products and as part of a biofilm community in milk meters and
bulk milk tanks. Listeria-contaminated products are known to cause listeriosis, a severe
infection with high mortality for persons at risk, such as pregnant women, elderly or children.
The aim of this project was to identify at which stage during biofilm formation members of L.
monocytogenes settle best and if L. monocytogenes strains interact with the microbial
community of raw milk in the same manner. Quantification of settled L. monocytogenes in
raw-milk biofilm was carried out by fluorescence in situ hybridization (FISH). Microbial
interaction on population level was analysed by terminal restriction fragment length
polymorphism analysis (T-RFLP) and the chemical composition by Fourier transform infrared
spectroscopy (FTIR).
Addition of L. monocytogenes to raw milk caused an enriched biofilm formation mainly by
attachment of milk compounds. Formation of biofilm and attachment of Listeria cells was not
Listeria serotype but strain specific. However, the added L. monocytogenes strains were not
abundant since mainly members of the genera Citrobacter and Lactococcus dominated the
bacterial biofilm community. Overall, added L. monocytogenes strains led to a highly
competitive interaction with the raw-milk community and triggered enriched biofilm
formation.
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Due to its many advantages, such as inherently label-free and very specific chemical contrast,
its non-invasiveness and non-destructiveness, Raman spectroscopy is gaining more and more
importance for the application to biological and medical problems, such as the classification
of healthy and cancerous cells and tissues, the fast and reliable identification of pathogens
from body fluids or the identification of metabolites for therapy control. The evaluation of the
spectroscopic analysis often requires the use of statistical classification models. When dealing
with biological and medical samples some problems arise due to the high biological variety of
the samples originating from different donors, patients or cultivation batches. Furthermore,
variations may be introduced into the spectral data by different time spans between sample
collection and measurement or by the use of different instruments.
In this contribution we present an example from the research for new, label-free and nondestructive methods for optical tumor diagnostics focusing on circulating tumor cells. These
circulating tumor cells from peripheral blood which are very rare and difficult to detect offer a
high potential for tumor diagnostics, cancer therapy selection and monitoring and therefore
are of utmost interest. Previously, we could show how Raman spectroscopy can be used in
combination with statistical classification methods to distinguish the different cell types that
are present in peripheral blood such as leukocytes, leukemic cells and solid tumor cells using
dried cells [1], cells captured in solution [2] as well as manipulated in a microfluidic chip [3].
Here, we present Raman data of the four cell types (primary leukocytes, leukemic cells and
two breast cancer cell lines) excited at 785 nm from nine different measuring days originating
from different donors and from different cultivation batches. Spectral variations due to these
biological variations as well as due to different time spans after cell collection and two
different excitation lasers are shown. However, statistical methods, in particular linear
discriminant analysis, enable the successful classification of healthy and cancerous cells from
different patients and from different cultivation batches measured on different days.
Furthermore, marker bands which proved to contribute significantly to a successful
classification have been identified.
Acknowledgements: Financial support of the BMBF (FKZ 01EO1002 and FKZ 13N9364),
the European Union via EFRE and the TMBWK (project: B714-07037) are highly
acknowledged. The technical assistance of Cornelia Jörke is greatly appreciated.
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Magnetic beads are a versatile tool for many bioanalytical purposes including isolation and
purification of nucleic acids [1], proteins [2] and cells [3]. Beyond that, they can be further
employed for medical applications like magnetic resonance imaging (MRI) [4], magnetic
hyperthermia [5] and targeted drug delivery [6]. The high popularity of magnetic beads
especially in bioassays is based on their unique properties. Their superparamagnetic core on
the one hand allows facile separation from the sample, on the other hand the magnetic beads
can be resuspended easily, since they are only magnetic in presence of an external magnetic
field. Furthermore they provide numerous possibilities for surface modification with
functional groups.
We combined magnetic beads and SERS (Surface Enhanced Raman Spectroscopy) for
sequence specific DNA detection [7]. The combination of SERS and magnetic beads has
certain advantages over other methods for sequence specific DNA detection. For example,
real time PCR (Polymerase Chain Reaction) has only limited multiplexing possibilities. SERS
detection avoids these problems and offers high sensitivity and an excellent potential for
multiplexing since each molecule has a specific fingerprint region and the bandwidth of
vibrational modes is small. For our assay we modified magnetic beads with single stranded
DNA by using different immobilization strategies. Two covalent immobilization methods and
one approach using streptavidin-biotin interaction were utilized in order to bind capture DNA
to the surface of the magnetic beads. Subsequently hybridization with a complementary
fluorescence dye labelled target strand was performed. For the detection of the
oligonucleotides fluorescence spectroscopy as well as SERS can be employed. Fluorescence
based detection is more suitable for detecting a single DNA sequence and if quantification of
the target DNA is desired. SERS based detection is capable of parallel detection of several
DNA sequences. We choose PCR products amplified from DNA of epizootic pathogens to
prove that our assay makes a very promising technique for multiplex detection of DNA.
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At present there is no detailed monitoring of patient detoxification during hemodialysis. The
determination of the concentration variation of relevant substances such as glucose or urea is
made by taking samples and analyzing them with conventional clinical chemical methods.
The technique of attenuated total reflection Fourier-transform infrared (ATR-FTIR)
spectroscopy enables the measurement of the concentrations online during the therapy.
Therefore the dialysis filter unit is coupled to an ATR flow cell, where the dialysate, which
has been in contact with the blood of the patient through a semipermeable membrane, is
analysed. The concentration in the dialysate is directly related to the concentration in the
blood of the patient. A calibration model, based on multivariate analysis, has been developed
from real hemodialysis samples analysed by chemical reference methods and from artificially
mixed dialysis samples. The monitoring includes quantitative determination of urea as the
lead substance, as well as glucose, creatinine and lactate. The accuracy is therefore only
limited by the chemical reference analysis. Preliminary tests with hemodialysis patients
demonstrate that detoxification can be clearly monitored [1].
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Mastitis is still one of the most common diseases in dairy cattle causing the biggest economic
losses in the dairy industry. Reduced milk yield and lower milk quality are responsible for
substantial problems in the production of milk products. The infection of the bovine udder
also constitutes a considerable food hygienic problem because of the growth of pathogenic
organisms. One of most relevant pathogens in raw milk is Streptococcus agalactiae that is
responsible for elevated somatic cell counts (SCC) without clinical signs of mastitis. Hence,
the possibility exists that such milk enters the food chain and can initiate noxious effects to
humans.
The differentiation of Streptococcus species, especially of Sc. uberis, Sc. dysgalactiae and Sc.
agalactiae, is very difficult because of their close phylogenetic relationship. The
identification of Streptococci by means of traditional microbiological methods is extremely
time – consuming, requires increased efforts and the results are often equivocal. Commercial
biochemical systems, like the API 20 Strep system (bioMérieux), also frequently provide
unreliable identification due to biochemical strain variability and/or limited databases [1]. For
instance, Aerococcus spp., Enterococcus spp. and Lactococcus spp., gaining noticeable
influence on bovine intramammary infections [2], are not covered by this system. Rapid and
efficient techniques for the reliable identification and differentiation of mastitis associated
Streptococci and related bacteria are therefore urgently needed.
Fourier Transform Infrared (FTIR) Spectroscopy might represent interesting and promising
alternatives for mastitis diagnostics. Within the scope of a PhD thesis an identification
systems based on FTIR spectra and artificial neural networks (ANNs) to distinguish very
closely related Streptococcus spp. and related bacteria is currently under development. First
preliminary results show that, in principle, FTIR has the potential for identification and
differentiation of the mastitis associated Streptococci and their close relatives.
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Efforts in the Laboratory for Spectral Diagnosis at Northeastern University (Boston,
MA USA) have focused upon the diagnosis of disease by analyzing exfoliated cells using
infrared micro-spectroscopy and unsupervised multivariate methods of analysis. This
approach, coined Spectral Cytopathology or SCP, has been applied successfully on cells
exfoliated from several tissue origins including the cervix, oral cavity, and nasopharynx. For
each case, spectroscopic differences were detected between cells from normal samples and
morphologically normal looking cells from samples diagnosed with disease. The cause of
these spectroscopic differences related to biochemical changes on the sub-cellular level has
been of large interest in the pursuit of this project.
In the case of cervical cancer, infection with high-risk or oncogenic strains of human
papillomavirus (HPV) is a critical step in cervical carcinogenesis and usually leads to the
development of cervical intraepithelial lesions. A large scale study was launched in order to
investigate if the spectral changes between normal and abnormal cervical samples were due
to HPV infection. A total of 48 samples of exfoliated cervical cells collected during routine
gynecological examinations were analyzed by SCP. The SCP results were placed in
juxtaposition with the results from an HPV test in which a positive outcome indicated an
infection with any of the 13 most common high-risk HPV strains (Digene Hybrid Capture II
test). The sensitivity of SCP in this study was evaluated at 88% and specificity at 43%.
Although the HPV study allowed us to generally correlate the spectroscopic changes
with HPV infection, it is still unknown to whether these changes are due to the presence of
the virus itself or viral load (concentration), expression of viral proteins or viral products, or
changes within the cells as the result of a combination of these. In order to explore these
questions further, cells from an ovarian cancer cell line, SKOV-3, were cultured and
subsequently transfected with green fluorescent protein plasmid, fixed, and analyzed by SCP.
Spectroscopic changes observed between cells transfected with different concentrations of the
plasmid would be analogous to infection with different numbers of viral copies of HPV (more
viral copies indicates an active infection).
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Identification, classification, and characterization of pollen are currently a time-consuming
task. One possibility to save time and to increase accuracy in pollen detection is to use
methods of vibrational spectroscopy in combination with multivariate statistics. It has been
shown that Raman1 and also infrared-spectroscopies2 can be used for pollen spectra
classification.
Here we show that classification can also be achieved by SERS on the aqueous extracts of
pollen. This method provides a lot of advantages, in particular short acquisition times, low
fluorescence background in the spectra, small amounts of sample and the possibility to low
excitation intensities.
We have optimized the parameters for SERS experiments on the water-soluble fraction of
pollen samples, in particular regarding amount of sample, SERS substrate, sample
preparation, and excitation wavelength. We show that using immobilized nanoparticles for the
SERS experiment results in a good reproducibility of the spectra of pollen. The high
reproducibility of our data enables classification of pollen spectra by multivariate statistics.
The new approach was applied to the successful classification of commercially available and
fresh pollens collected in the field.
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Metal nanoparticles are available with optical properties in the ultraviolet to near infrared range
induced by their different shapes, sizes and materials. The potential of those plasmonic nanoparticles
lies in the wide range of possible applications. As an example the spectral position of the localized
surface plasmon resonance (LSPR) strongly depends on the change of the refractive index in close
vicinity to a metallic surface. Thus, LSPR sensing is very sensitive and allows the detection of
biomolecular interaction.1
Furthermore, the strong field enhancement on the nanoparticle surface due to the resonant excitation
of surface plasmon polaritons is used for the effective amplification of the Raman signals. The socalled surface enhanced Raman spectroscopy (SERS) combines the molecular fingerprint specificity
of the Raman effect with potential single molecule sensitivity. Therefore, SERS is an attractive tool
in bioanalytics.2

Figure 1: Nanoparticles with recognition element serve as LSPR and SERS sensor respectively. Binding of analyte to
recognition elements attracts attention to spectral shift and field enhancement respectively.

Within this contribution, a suspended core fiber (SCF) with three holes containing metal
nanoparticles as plasmonic structures on the internal capillary wall is presented as innovative optical
device allowing both LSPR and SERS readout. Implementation of self-assembling monolayer (SAM)
techniques enables plasmonic structures with an even distribution of metal nanoparticles. These
microstructured optical fibers can be used as sensors for DNA sensing (
Figure 1). 3
[1] A. Csáki et al., in: P. E. Chow (Ed.): "Gold Nanoparticles: Properties, Characterization and Fabrication", p 245-261,
Nova Sci. Pub., 2010.
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Obesity is a metabolic disorder that results in elevated levels of free fatty acids and
triglycerides in the blood circulation, which further leads to accumulation of lipids within
various tissues. Like in other similar metabolic disorders, obesity is thought to be originating
due to dysfunctionalities resulting from structural and regulatory changes in tissue molecules
and macromolecular assemblies. Despite the fact that information on this subject is still
lacking, these alterations are expected to be based on variations in macromolecular content,
structure and function. In this study, inguinal (IF) and gonadal (GF) adipose tissues of males
and females of Berlin Fat Mouse inbred (BFMI) strains, which had been selected for high fat
content before inbreeding (BFMI852, BFMI856, BFMI860 and BFMI861 lines), and control
DBA/J2 mice were examined in order to investigate the structural and functional differences
among the control and inbred mice models for obesity. This is an important model because
BFMI mice have a complex genetic background and generate spontaneous obesity although
they were fed with standard breeding diet (SBD). In this experiment, adipose tissue samples
were directly placed on the ATR (Attenuated Total Reflectance) Diamond/ZnS crystal
without any pretreatment of the sample. The spectra were collected in the region between
4000-650 cm-1 with 4 cm-1 resolution. Structural and functional information about proteins,
lipids, saturated and unsaturated lipid content, lipid chain length, nucleic acids and
carbohydrates content were determined. A significant increase in saturated lipid concentration
in GF of male mice and significant decrease in the content of unsaturated lipids in male and
female IF were obtained. Furthermore, the shift to lower values in CH2 anti-symmetric band
frequency in male GF implies an increase in the order of the system and in trans-conformers
in the membrane [1,2,3]. In addition, there is a significant decrease in nucleic acid
concentration and protein content, especially in female IF, that is likely due to the escalation
in proteolysis during obesity [4]. To conclude, obesity affects IF and GF of the male and
female BFMI mice differently via altering the structure, function and composition of the
macromolecules.
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Mesenchymal stem cells which are defined by their multidifferentiation potential are
the main cellular components of the bone marrow heamatopoietic stem cell (HSC) niche. It
has been recently shown that the bone marrow niche with stromal mesenchymal stem cells
(MSCs) is very important for maintenance of healthy heamatopoiesis, because mesenchymal
stromal cells provide a supportive cellular microenvironment for regulation of self renewal
versus differentiation of heamatopoietic precursor cells (HPCs). A balance for healthy
heamatopoiesis is mediated by direct cell-to-cell contact between MSCs and HSCs and by
interactions between HPCs and cytokines and also extracellular matrix components. thalassemia major (TM) is characterized by anemia which is caused by a genetic defect in
hemoglobin synthesis and results in ineffective erytropoiesis (IE). The alterations in the
microenvironment and stromal defects in thalassemic BM during IE can cause changes in
MSCs. This study aimed to investigate global structural and compositional changes in BMMSCs in -thalassemia major that may provide basis in understanding in MSCs and the
specific HSC-MSC interactions in such a pathological BM microenvironment. After
morphologic, immunophenotipic and differentiation properties were characterized, the
changes in healthy and thalassemic MSCs before and after bone marrow transplantation
(BMT) was examined by FTIR spectroscopy and imaging studies. FTIR spectroscopy results
showed significant increase in lipid, protein, glycogen and nucleic acid contents in
thalassemic MSCs with respect to healthy MSCs was attributed to enhanced cell proliferation
and BM activity during IE. However, the increases in the content of mentioned
macromolecules were significantly higher in the pre-transplant MSCs than post-transplant
group MSCs that was interpreted as restoring effect of BMT therapy on IE and defective BM
microenvironment. These alterations that interpreted as an increased in cellular activity were
also supported MTT proliferation assay of thalassemic and healthy MSCs. Based on these
changes sampling groups were discriminated by cluster analysis. This study was also
corroborated with FTIR imaging study in order to obtain detailed comparative analysis of the
sampling groups’s by chemical maps of the samples that were obtained by taking integrated
area ratios of the different vibrational modes. These results can provide supportive
information for the studies that concenrate on explanation of interactions between HSC-MSC
in BM.
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The rapid identification of Bacillus endospores is paramount because some members of this
genus can interfere with human health. B. cereus, for example, is occasionally associated with
food poisoning, whereas B. anthracis as the causal agent of anthrax gained notoriety by being
a potential agent in biological warfare and bioterrorism [1].
Micro-Raman spectroscopy in combination with chemometric data evaluation has been
suggested as a rapid, sensitive, and reliable technique for characterization and typing of
vegetative cells and endospores [2, 3]. The measurements of single bacteria can be done
without a lengthy pre-cultivation period, which is seen as a big benefit compared to other
spectroscopy-based identification methodologies [4]. Cornerstone of this approach is,
however, a comprehensive spectral database embracing preferably most of the bacterial
genera and subgenera, from which the targeted microorganism needs to be discriminated.
We created a database of roughly 10,000 single Raman spectra of a wide variety of Bacillus
endospores including several strains of the genetically similar B. cereus group to identify
B. anthracis among Bacillus species. A cascade of classifiers structured the data tree-wise to
allow us a distinction on different taxonomic ranks.
Furthermore we applied this approach to detect and identify endospores in artificially
contaminated powdery substances like baking powder or gypsum. The samples were spiked
with different kinds of Bacillus endospores including Bacillus anthracis. This should proof
the applicability of this technique when it comes to real world samples such as endospores
diluted in harmless hoax materials.
The identification rates for all the used Bacillus species exceeded 95% independent of the
matrix out of which they have been isolated. Even endospores extracted from a specific
matrix, which was not included into the model system beforehand, were correctly recognized.
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Regular patterned metallized microstructured surfaces are of high interest in advanced optical
sensing applications. The strong electromagnetic field enhancement due to the excitation of
localized and propagating surface plasmon polaritons is used for the effective enhancement of
the inherent weak Raman signals which is known as surface enhanced Raman spectroscopy
(SERS). Thus, fingerprint specificity will be combined with trace-level sensitivity makes
SERS an attractive and powerful tool for analytical and bioanalytical applications [1].
However, the application of SERS for ultrasensitive analysis is often hampered due to the
lack of reproducibility across a large measuring area when using conventional SERS
substrates (such as roughened metal electrodes or aggregated metal nanoparticles). In
previous work, we have established the electron-beam lithography (EBL) for fabrication of
regular ordered gold nanostructures in order to achieve a reproducible signal enhancement [24].
Within this contribution a fabrication technique using a silver metal deposition on a prestructured substrate is shown [5]. This allows on the one hand different preparation and
material parameters and on the other hand the reuse of the substrates for SERS applications.
Here, the EBL process can be applied more cost-efficient for fabrication of SERS substrates.
The characterization by means of various optical and imaging techniques and the application
towards an analytical detection scheme is introduced.
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The recently demonstrated ability to detect the conformation of DNA inside cells using FTIR
spectroscopy has revealed a B to A-like DNA transformation of the majority of the genomic
DNA upon dehydration. Remarkably, the A-like DNA in dehydrated cells returns to native BDNA upon rehydration1. However the inability of the erythrocyte and fibroblast cells used in
previous work to regain functionality upon rehydration has left the biological and
evolutionary importance of this observed conformational transition in doubt. Here we
demonstrate the reversible B to A-like DNA transition occurring in several bacteria strains as
they undergo lyophilisation and are then rehydrated. Viability counts confirm that the
bacteria are alive after this process. Bands identified as diagnostic of a B to A-DNA transition
including changes in band profile for both the symmetric phosphate stretch (1087 cm-1) and
the C-O stretch (1052 cm-1), and shifts in the antisymmetric phosphate stretch (1225 –
1237 cm-1) and the C-C stretch (970 – 966 cm-1) were observed. With the DNA transition
now demonstrated in live cells, the biological importance must be considered, particularly
with regards to the previously hypothesised defence mechanism qualities inherent to A-DNA
structures not only during dehydration but also with exposure to UV radiation, toxic damage
and heat2. Previous work to identify cells and bacteria in the dehydrated state may benefit
from consideration of spectra of hydrated samples in which the DNA backbone peaks are
sharpened and more intense. This could potentially improve the taxonomic identification of
bacteria and remove variability associated with hydration.
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Chronic wounds, by definition, are wounds that remain in a chronic inflammatory state and
therefore fail to follow normal patterns of the healing process. They represent a significant
burden to patients and health care professionals because they are very difficult to heal, inflict
a huge cost to society and impair the quality of life for millions of people. Infection is a
common problem in chronic wounds. Among hospitalized patients, 8–10% is susceptible to
infection by opportunistic pathogenic bacteria such as Pseudomonas aeruginosa which are
notorious for forming chronic, biofilm-based infections in their hosts.
Treatment of infection in chronic wounds represents a significant challenge. The use of
harmless bacteria to displace pathogenic organisms is an alternative and promising way of
combating infections. Using good bacteria to obstruct bad ones - a strategy known as bacterial
interference - is one application of so-called probiotics.
The aim of the present work was to study the interference and / or inhibition of Lactobacillus
plantarum supernatant on P. aeruginosa biofilms by using Fourier transform infrared
spectroscopy and others cooperative techniques. For this purpose we analyzed the effect of L.
plantarum supernatants and neutralized L. plantarum supernatants, on biomass accumulation,
quorum sensing signal molecules, and virulence factors such as elastase, rhamnolipid and
pyocyanin of P. aeruginosa growing as biofilm.
Biofilm were produced either in column bioreactors packed with polypropylene beads (when
high amounts of sessile cells were required) or in continuous-flow chambers using
borosilicate slides, ZnSe windows and silicone tubes as abiotic surfaces for growth. Biofilm
biomass was quantified by crystal violet stain and the viability of sessile cells was evaluated
by Syto 9-propidium iodide stain. Biomass accumulation and the biofilm chemical
composition were monitored by FT-IR spectroscopy. Quorum sensing signals were studied by
FT-IR, GCMS, and TLC using Agrobacterium tumefaciens KYC55 as biosensor. Virulence
factors production was evaluated by: i) elastase by Congo red-elastin technique, ii)
rhamnolipids by hemolysis of sheep blood and inhibition of Bacillus subtilis growth, and iii)
pyocyanin by extraction and reading at DO520.
An inhibition effect of around 70% on biomass accumulation was observed. In addition, an
effect on quorum sensing signals and virulence factors production was also detected.
This study provides clear evidences that FT-IR spectroscopy can be used to monitor the effect
of L. plantarum supernatant on P. aeruginosa biofilm.

