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Opening remarks

09:45 - 10:05

Antje Hermelink (Berlin, Germany)
High spatial resolution Raman microspectroscopy – applications in
microbiology

10:10 - 10:25

Peter Gardner (Manchester, U.K.)
The inherent problem of transflection-mode infrared spectroscopic
microscopy and the ramifications for single cell analysis
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10:30 - 10:50

Alexandre Dazzi (Orsay, France)
Infrared nanonoscopy applied to microbiology

10:55 - 11:25

Coffee Break

11:25 - 11:45

Lawrence D. Ziegler (Boston, USA)
SERS for biomedical and forensic applications: Monitoring in vitro
processes of bacteria, human body fluids, and cancer cells

11:50 - 12:10

Janina Kneipp (Berlin, Germany)
Nano-bio-interactions as revealed by SERS

12:15 - 12:35

Richard A. Dluhy (Athens, USA)
Novel platforms for SERS-based sensing of infectious disease

12:40 - 13:05

Natalia P. Ivleva (Munich, Germany)
Raman microspectroscopy and surface-enhanced Raman scattering for
biofilm analysis: focus on stable-isotope technique

13:10 - 14:00

Lunch

14:00 - 14:20

Petra Rösch (Jena, Germany)
Raman spectroscopic identification of pathogens – A cultivation-free
approach

14:25 - 14:45

Agnieszka Kaczor (Kraków, Poland)
Multi-methodological insight into the tissue: Raman and AFM imaging
combined with immunohistochemical staining

14:50 - 15:10

Ute Neugebauer (Jena, Germany)
Towards culture-independent characterization of pathogens recovered
from the urinary tract

15:15 - 15:35

Michael Laue (Berlin, Germany)
From emergency diagnostics to basic research – electron microscopy in
medical microbiology.
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Coffee Break
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Royston Goodacre (Manchester, U.K.)
Enhancing Raman spectroscopy for rapid quantitative bioanalysis
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Joachim Heberle (Berlin, Germany)
SEIRA, SNIM, QCL, UFTIR: Introducing new tools for vibrational
biospectroscopy
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Francis L. Martin (Lancaster, U.K.)
Application of biospectroscopy to characterise cell-specific functionality
based on chemical signatures: applications to stem cell biology
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P1

V. Artyushenko (Berlin, Germany)
Fiber coupled FTIR-spectroscopy for biomedical diagnostics

P2

H. Ayvaz (Columbus, OH, USA)
Application of infrared spectroscopy for screening acrylamide content in commercial potato
chips

P3

C. Beleites (Jena, Germany)
Raman-spectroscopic detection of induced drug resistance using a three-level chemometric
model

P4

U.-Ch. Schröder (Jena, Germany)
A novel combination of dielectrophoresis and Raman spectroscopy for the
characterization and identification of bacteria directly in body fluids

P5

T. Büchner (Berlin, Germany)
SERS investigations of isolated nuclei

P6

G. Clemens (Manchester, U.K.)
Infrared study of single cells in aqueous media

P7

A. Dazzi (Orsay, France)
Minimizing contributions from scattering in infrared spectra by means of an integrating
sphere

P8

A. Deniset-Besseau (Orsay, France)
Subcellular imaging of an estrogen derivative using a single core multimodal probe
(SCoMPI) by luminescence technique and AFMIR

P9

A. Derenne (Brussels, Belgium)
FTIR spectral signature of anticancer drugs effect on PC-3 prostate cancer cells: is there any
influence of the cell cycle?

P10 D. Drescher (Berlin, Germany)
Investigation of nanoparticle-cell interactions by combining SERS with laser ablation
ICP-MS and 3D X-ray tomography
P11 K. Eberhardt (Jena, Germany)
Monitoring senescence in a human primary fibroblast cell line using Raman microspectroscopy
P12 S.F. El-Mashtoly (Bochum, Germany)
Label-free imaging of subcellular organelles and distribution of molecular targeted agent in
cancer cells
P13 A. Fanesi (Leipzig, Germany)
Physiological properties of phytoplankton cells investigated by chemometric analysis of
FTIR-spectra
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P14 I. Freitag (Jena, Germany)
Surface-enhanced Raman scattering for rapid diagnostics of living tumor cells
P15 R. Gaifolina (London, U.K.)
The application of Raman spectroscopy in the investigation of the changes in tissue
chemistry caused by variable formalin fixation times
P16 K. Gajjar (Lancaster, U.K.)
Blood plasma Fourier transform infrared and Raman spectroscopy for non-invasive
detection of ovarian cancer
P17 K. Gajjar (Lancaster, U.K.)
Biospectroscopy of cervical cytology vs. conventional screening in identification of
histology verified cervical intra-epithelial lesions
P18 K. Gajjar (Lancaster, U.K.)
Diagnostic segregation of human brain tumours using Fourier-transform infrared and/or
Raman spectroscopy coupled with discriminant analysis
P19 K. Galler (Jena, Germany)
Hepatic stellate cells and hepatocytes – Raman-based imaging and differentiation
P20 S. Garip (Ankara, Turkey)
Epileptic seizure-induced intra-bone structural changes in spines of genetically epileptic
rats: a synchrotron-Fourier transform infrared imaging study
P21 E. Giorgini (Ancona, Italy)
An FT-IR approach to human granulosa cells
P22 S. Gok (Ankara, Turkey)
Quantitative analysis of sodium butyrate induced differentiation of colon cancer cells by
FTIR microspectroscopic and computational methods
P23 E. Goormaghtigh (Brussels, Belgium)
Infrared imaging in breast cancer: automated tissue component recognition and spectral
characterization of breast cancer cells as well as tumor microenvironment
P24 M. Gühlke (Berlin, Germany)
SERS micromapping as a tool to analyze the two-dimensional distribution of molecules on
nanoparticle arrays
P25 J.R. Hands (Preston, U.K.)
Light fantastic: Rapid diagnosis of gliomas via serum spectroscopy
P26 M.A.B. Hedegaard (Odense, Denmark)
Mapping of tissue-engineered extracellular matrices (ECMs) for tissue repair using FT-IR
spectroscopy
P27 H.M. Heise (Bochum, Germany)
Comparison of FTIR-imaging measurements of native colon tissue prepared by cryomicrotoming using transmission and transflection techniques
P28 M. Hermes (Jena, Germany)
Inverted microscope for Raman-based cell identification in microfluidic chip environment
P29 I. Hidi (Jena, Germany)
Application of lab-on-a-chip surface enhanced Raman spectroscopy (LOC-SERS) in
detection of biologically relevant molecules
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P30 A. Jaworska (Kraków, Poland)
Monitoring of intracellular environment by SERS and fluorescence
P31 M. Jimenez-Hernandez (Manchester, U.K.)
The action of two different chemotherapeutic drugs on a highly resistant cell line
analysed as a function of the cell cycle by means of FTIR MS
P32 M. Joester (Berlin, Germany)
Combining Raman with scattering methods to study silica in plant materials
P33 C. Kallepitis (London, U.K.)
Studying the effect of strontium ions on in-vitro bone mineralization using Raman
spectroscopy
P34 B. Kampe (Jena, Germany)
Despiking in low to midsize Raman maps using geostatictic modelling
P35 S. Kloß (Jena, Germany)
Direct Raman microspectroscopic identification of sepsis relevant pathogens in urine
P36 P. Kubryk (Munich, Germany)
Stable-isotope Raman microspectroscopic studies on accumulation of pollutants by
biofilms in aquatic systems
P37 F. Kucuk (Ankara, Turkey)
Obesity-dependent structural and functional changes in different inbreed obese mouse lines
of gonadal and inguinal adipose tissues: A Fourier transform infrared imaging study
P38 V. Kumar (Jena, Germany)
Chemotaxonomic classification of pigmented microbes in soil using resonance Raman
spectroscopy
P39 D. Kusić (Jena, Germany)
Raman microspectroscopic characterization of pathogens in planktonic and biofilm state
P40 W.M. Kwiatek (Kraków, Poland)
SR FTIR spectroscopy study of the prostate cancer (PC3) cells repair after damage
induced by protons
P41 K. Majzner (Kraków, Poland)
Raman microspectroscopic investigation on the interaction of endothelial cells with
anthracycline antibiotics
P42 A. Martin (Sao Jose dos Campos, Brazil)
In vivo investigation in human skin permeability of nanoparticule vitamins formulations
using confocal Raman spectroscopy
P43 V. Merk (Berlin, Germany)
Templated growth of lithographically patterned nanoparticle arrays for surface
enhanced Raman scattering (SERS)
P44 A. Mignolet (Brussels, Belgium)
Classification of antitumor polyphenolic compounds by FTIR spectroscopy
P45 M. Miljkovic (Jamaica Plain, MA, USA)
ZebraFish – Advanced spectral imaging
P46 D. Niedieker (Bochum, Germany)
Annotation of cellular compartments with CARS in combination with fluorescence
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P47 L. Nolte (Bielefeld, Germany)
The effect of ventricular assist devices on the membrane elasticity of red blood cells
P48 E. Oberlander (Bielefeld, Germany)
Wavelength-specific response of surface-enhanced Raman scattering in nanoparticle
dimer structures
P49 J.E. Oliver (Preston, U.K.)
Investigating Raman spectroscopy for the diagnosis of brain tumours from serum
P50 C. Paluszkiewicz (Kraków, Poland)
Study of human lenses by FTIR spectroscopy
P51 D. Petersen (Bochum, Germany)
Detection of the metabolite of molecular targeted agent in colon cancer cells by labelfree imaging
P52 P. Piredda (Stuttgart, Germany)
Quantitative Raman mapping of nucleic acids in cells and tissues
P53 A. Ramoji (Jena, Germany)
Raman spectroscopic investigation of Candida albicans’ response to neutrophils
P54 K. Ramser (Luleå, Sweden)
First clinical study of prostate cancer detection with a dual sensor combining tactile
resonance technique with fiber optical Raman spectroscopy
P55 L.E. Rodriguez-Saona (Columbus, OH, USA)
A bloodspot-based diagnostic test for fibromyalgia and interstitial cystitis/bladder pain
syndromes
P56 A. Rygula (Kraków, Poland)
Raman spectroscopy and AFM for physico-chemical imaging of the “en face” aorta in
liquid and air
P57 S. Sabbatini (Ancona, Italy)
FTIR Microspectroscopy of Spitz Nevi: A preliminary study
P58 S. Seifert (Berlin, Germany)
Characterization and classification of aqueous pollen extracts using SERS and
multivariate statistics
P59 F. Severcan (Ankara, Turkey)
FTIR spectroscopy and imaging in ionizing radiation and radiation protection
monitoring: Application to biomedical and food sciences
P60 E. Staniszewska-Slezak (Kraków, Poland)
Capability of Fourier transform infrared spectroscopy in early recognition of systemic
and pulmonary hypertension in blood plasma
P61 C. Stiebing (Jena, Germany)
Live cell imaging of macrophages incubated with deuterated fatty acids using Raman
microscopy
P62 T. Tolstik (Jena, Germany)
Random Forest classification of Raman spectra for reliable diagnosis of hepatocellular
carcinoma
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P63 L. Tomasello (Verona, Italy)
IR analysis of leukemic cells transduced with an oncosuppressive protein tyrosine
phosphatase by HIV-1 Tat technology
P64 L. Vaccari (Trieste, Italy)
Cellular progression and death: A comparison of spectroscopic and cytofluorimetric
signatures
P65 H. Wagner (Leipzig, Germany)
Biochemical traits of plant cells measured by FTIR spectroscopy
P66 N. Wald (Brussels, Belgium)
Histological characterization of melanoma metastases by FTIR imaging
P67 D.R. Whelan (Clayton, Victoria, Australia)
Changes to the conformation and concentration of DNA detected using Fourier
transform infrared spectroscopy
P68 K. Wilcox (Manchester, U.K.)
The determination of protein secondary structure from Fourier transformation infrared
red (FTIR) spectra using partial least square (PLS) regression
P69 T.P. Wrobel (Kraków, Poland)
Electric field standing wave effects in FT-IR transflection spectra of biological tissue
sections
P70 O. Yantorno (La Plata, Argentina)
Phenotypic characterization of biofilms formed by Bordetella pertussis clinical isolates
by FT-IR spectroscopy
P71 H.K. Yosef (Bochum, Germany)
Detection of cancer cells response to EGFR inhibitors by Raman spectral imaging
P72 A.Y.F. You (London, U.K.)
Raman and nano-analytical electron microscopy characterisation of human
cardiovascular tissue calcification in disease
P73 I. Zeise (Berlin, Germany)
Silica particles with plasmonic silver cores for applications in eukaryotic cells

Friday, October 25, 2013
09:00 - 09:20

Werner Mäntele (Frankfurt/Main, Germany)
Mid-IR spectroscopy in medical diagnostics using tunable quantum
cascade lasers: A complement or a competition to FT-IR-Spectroscopy?

09:25 - 09:45

Christoph Krafft (Jena, Germany)
Progress in cell identification using Raman spectroscopy in combination
with optical trapping and microfluidics
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09:50 - 10:10

Jörg Rau (Fellbach, Germany)
Application of spectroscopic methods in a food control and animal health
laboratory

10:15 - 10:35

Richard Mendelsohn (Newark, NJ, USA)
IR spectroscopy and imaging in skin biophysics: barrier formation
kinetics and lateral diffusion across the stratum corneum

10:40 - 11:10

Coffee Break

11:10 - 11:30

Bayden Wood (Clayton, Victoria, Australia)
Towards a rapid Malaria detection & quantification system using
attenuated total reflectance infrared (ATR-FTIR) spectroscopy

11:35 - 11:55

Matthew J. Baker (Preston, U.K.)
Spectroscopic investigations of surface deposited bacterial BW simulants

12:00 - 12:20

Alejandra Bosch (La Plata, Argentina)
Insights into Burkholderia cepacia complex long-term infections through
FT-IR spectroscopy

12:25 - 12:45

Mustafa Kansiz (Mulgrave (Melbourne), Australia)
A new approach to achieving ultra-high spatial resolution FTIR imaging
– A biomedical tissue case study

12:50 - 13:45

Lunch

13:45 - 14:05

Magali Verdonck (Brussels, Belgium)
FTIR imaging as a new tool to characterize immune cells in various
biological tissues: focus on secondary lymphoid organs and breast tumor
infiltrating lymphocytes

14:10 - 14:30

Sara Akkas (Ankara, Turkey)
A novel approach to aquatic ecotoxicology: applications of FTIR
spectroscopy

14:35 - 14:55

Phil Heraud (Clayton, Victoria, Australia)
New approaches to understanding ecosystem dynamics in the Southern
Ocean involving phytoplankton using FTIR spectroscopy

15:00 - 15:30

Coffee Break

15:30 - 15:50

Michael C. Martin (Berkeley, USA)
3D spectral imaging of biological samples with synchrotron FTIR
spectro-microtomography
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15:55 - 16:15

Hoi-Ying Holman (Berkeley, USA)
Synchrotron FTIR spectral microscopy reveals functional response of
deep-sea microorganisms to the gulf of Mexico oil spill

16:20 - 16:40

Sergei Kazarian (London, U.K.)
Recent advances in FTIR spectroscopic imaging in transmission

16:45 - 17:05

Max Diem (Boston, USA)
Medical diagnosis by infrared spectral cytopathology (SCP)

17:10 - 17:30

Final Discussion, Concluding Remarks

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

High Spatial Resolution Raman Microspectroscopy –
Applications in Microbiology
Peter Hermann, Max Neufeld, Nicole König, Dieter Naumann, Peter Lasch and
Antje Hermelink
The intensity increase of Raman scattered light is crucial for detecting signal variations in
sub-micron investigations. In order to meet these requirements, tip-enhanced Raman
scattering (TERS) is evaluated as a new near-field based spectroscopic technique for local
analysis of (biogenic) nanoparticles.
However, another promising and completely new approach for characterization on the
nanometer scale by Raman spectroscopy is based on a strong signal enhancement by dielectric
particles attributed to the appearance of a photonic nanojet on the shadow side of such a laserirradiated particle. The talk introduces the method and describes how the strong Raman signal
enhancement by dielectric spheres can be exploited for increasing the sensitivity and spatial
resolution in Raman spectroscopic investigations. With an SiO2-sphere attached to the apex of
a scanning probe tip line scans are performed across 150 nm wide SiGe line structure (non
transparent) and 80 nm large protein fibril (transparent samples), the obtained results show a
significantly improved spatial resolution compared to scans performed with retracted tip. Due
to the non-evanescent character of photonic nanojets the axial dimension or penetration dept
is larger than for pure near-field techniques such as tip-enhanced Raman spectroscopy.
Therefore, the Photonic-Nanojet-enhanced-Raman-Scattering (PNERS) enables also high
resolution spectroscopic investigations even in deeper parts of the sample.

The Inherent Problem of Transflection-mode Infrared Spectroscopic
Microscopy and the Ramifications for Single Cell Analysis
P. Bassan1,2, J. Lee2, J. Pissardini2, P. Gardner1,2
1

Manchester Institute of Biotechnology, University of Manchester, 131 Princess street,
Manchester, M1 7DN, UK
2
School of Chemical Engineering and Analytical Science, University of Manchester, Oxford
Road, Manchester, M13 9PL, UK
Transflection-mode FTIR spectroscopy has become a popular method of measuring spectra from
biomedical and other samples due to the relative low cost of substrates compared to transmission
windows, and a higher absorbance due to a double pass through the same sample approximately
doubling the effective path length. Generally the reflecting substrate is either a metallic coating
on a glass slide (Au or Al are most popular) or a low-e microscope slide that has a metal doped
tin (IV) oxide coating which is ~80% transparent to visible light but highly reflecting in the
infrared region. The optical properties of the reflective substrates have largely been taken for
granted since in all cases the reflectivity varies smoothly and is generally featureless in the region
of interest. Recently, however, the optical phenomenon of the electric field standing wave
(EFSW) has been investigated and shown to exhibit a wavenumber-dependent modulation in
spectral intensity as a function of sample thickness [1,2]. In this work the influence of the EFSW
on thin-film samples deposited on low-e slides is shown experimentally and show how the EFSW
effect could influence the classification of cell and tissue [3]. Given these finding the practice of
using translation spectroscopy in a field where we attempt to tease out the most subtle difference
in spectra must be brought into question.
References:
[1] H. Brooke, D. L. Perkins, B. Setlow, P. Setlow, B. V. Bronk, M. L. Myrick, Applied Spectroscopy 62, 881888, (2008).
[2] J. Filik, M. D. Frogley, J. K. Pijanka, K. Wehbe, G. Cinque, Analyst 137, 853-861, (2012).
[3] P. Bassan, J. Lee, A. Sachdeva, J. Pissardini, K. M. Dorling, J. Fletcher, A. Henderson, P. Gardner, Analyst
138 (1), 144 - 157, (2013).

Infrared Nanoscopy Applied to Microbiology
Alexandre Dazzi, Ariane Deniset-Besseau
LCP, University of Paris-Sud, France
We have developed an innovative infrared microspectroscopy technique, called AFMIR, based on the coupling between a tunable infrared laser and an AFM (Atomic Force
Microscope). This coupling allows us to perform ultra-local infrared spectroscopy and
chemical mapping at the nanometer scale. The principle1 is based on detecting the local
thermal expansion of the sample, irradiated at the wavelength of its absorption bands. This
expansion is detected by the AFM tip in contact mode. As the duration of expansion and
relaxation of the sample is always shorter than the response time of the cantilever in contact,
the excitation transmitted to the cantilever acts as an impulse function, exciting oscillations at
resonant frequencies of the cantilever. The technique can create nanoscale IR absorption
spectra by recording the amplitude of these oscillations as a function of wavelength and
chemical maps by measuring the oscillation amplitude as a function of position. We have
validated this technique by comparing the infrared spectrum of a single E.coli bacterium and
the corresponding FTIR spectrum, and showing the possibility to perform chemical mapping
with sub-wavelength spatial resolution (50 nm)2. Later, similar outcomes have been obtained
in nanophotonics (20 nm resolution)3.
Our work is now mainly focused on microbiology4 systems and cell imaging5. For
example, we are now interested by the production optimization of bio-polymer
(PolyHydroxyButyrate) done by a photosynthetic bacteria, Rhodobacter sphaeroides. The
AFMIR technique allows us to easily detect the polymer (PHB) vesicles inside the bacterium
due its specific absorption band (ester carbonyl at 1740 cm-1) that is different from those of
the bacterium. Similar studies are also provided on different bacteria like Streptomyces to
optimize the production of bio-fuel precursor (triacylglycerols).
[1]
[2]
[3]
[4]
[5]

A.Dazzi et al, Opt. Lett. 30, Issue 18, 2388-2390 (2005).
C. Mayet et al, Analyst 135, 2540-2545 (2010).
J.Houel et al, Phys. Rev. Lett. 99, 217404 (2007).
C. Mayet et al, Biothechnology advances, Vol.31, issue 3, 369-374 (2013).
C. Policar et al, Angewandte Chemie International Edition,Vol. 50, Issue 4, 860–864 (2011).

SERS for Biomedical and Forensic Applications: Monitoring in vitro
Processes of Bacteria, Human Body Fluids, and Cancer Cells.
Lawrence D. Ziegler
Department of Chemistry and The Photonics Center, Boston University
590 Commonwealth Ave. Boston MA 02215 USA
Surface enhanced Raman spectroscopy excited at 785 nm is found to be a sensitive
probe of the metabolic products of bacterial and human cells. The applications discussed here
are the first examples of the use of SERS in the field of metabolomics. Cells removed from
the human body undergo characteristic in vitro robust biological activity whose detection can
be exploited for a number of biomedical and forensic applications. This optical methodology
is fast, label free, portable, inherently multiplexing, easy-to-use and relatively inexpensive.
In particular, the purine degradation products resulting from energy depletion in bacterial
cells provides a unique SERS signature that can be both species and strain specific.1 An in
situ grown, Au nanoparticle covered SiO2 substrate resulting from a metal ion doped sol-gel
process results in strong reproducible SERS spectra for these types of molecules.2 This
methodology is being developed for diagnosing blood and urinary track infections. Antibiotic
specific bacterial identification can be accomplished with this technique when this SERS
acquisition is coupled to a library and statistical analysis procedure.3
We report the first 785 nm excited SERS spectra of human blood and red blood cells
(RBCs).4 The SERS spectrum of fresh blood is just that of blood plasma. The SERS
spectrum of red blood cells is exclusively due to hemoglobin. The nature of the SERS
spectrum of whole human blood changes dramatically over the course of ~ 24 hours. The
spectrum of stored blood becomes nearly dominated by hypoxanthine, a metabolite of pure
degradation, over this period of time due to it’s release into blood serum from blood particles
(white blood cells and/or platelets). The SERS spectrum of RBCs may be exploited for
malaria detection and studies of anti-malarial drug interactions.
Tumor cells are well-known to exhibit high metabolic rates compared to normal, nonpathogenic cells. Again, characteristic SERS vibrational signatures due to molecules like
adenine, hypoxanthine and NADH appear over the course of several hours from single cancer
cells. Thus SERS may provide a procedure for in vitro single cell cancer detection as well as
fundamental studies of the effects of genetic or proteomic manipulation for cancer therapy
efficacy evaluation.
Finally, the use of SERS for trace detection and identification of human body fluids
such as blood, semen, vaginal fluid and saliva will be described. The effects of human cell
metabolism in these in vitro fluids can be observed and provide a novel methodology for
ultrasensitive forensic identification at crime scenes.
[1] Premasiri, W. R.; Lemler, P.; Chen, Y.; Gebregziabher, Y.; Ziegler, L. D., SERS analysis of bacteria,
human blood and cancer cells: A metabolomic and diagnostic tool, in: Ozaki, Y., Kneipp, K., Aroca, R.,
(eds.) “Frontiers of Surface-Enhanced Raman Scattering: Single-Nanoparticles and Single Cells”, Wiley &
Sons: Chichester, UK (2013).
[2] Premasiri, W. R.; Moir, D. T.; Klempner, M. S.; Krieger, N.; Jones II, G.; Ziegler, L. D., Characterization
of the Surface Enhanced Raman Scattering (SERS) of Bacteria. J. Phys. Chem. B 109, 312-320 (2005).
[3] Patel, I. S.; Premasiri, W. R.; Moir, D. T.; Ziegler, L. D., Barcoding bacterial cells: A SERS based
methodology for pathogen identification. J Raman Spectrosc, 39 (11), 1660-1672 (2008).
[4] Premasiri, W. R.; Lee, J. C.; Ziegler, L. D., Surface enhanced Raman spectroscopy study of whole human
blood, blood plasma and red blood cells: New opportunities for bioanalytical sensing J. Phys. Chem. B
116, 9376-9386 ( 2012)

Nano-bio-interactions as Revealed by SERS
J. Kneipp1,2, D. Drescher1,2, I. Zeise1, T. Büchner1,2
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

SERS has become increasingly important as a tool to study the interaction of
nanoparticles with cellular ultrastructure. In our lab, we apply it to cultured cells, purified
compounds, and whole small organisms.
Recently, we have shown that our experiments provide information about the
composition, structure and stability of the corona of silver nanoparticles on one hand, and
particle structure, agglomeration and morphology on the other hand, both in the context of the
cellular ultrastructure [1]. In order to achieve this, SERS is combined with other approaches
that provide information about the localization and quantification of nanoparticles. They
include sophisticated ultramicroscopic methods, specifically synchrotron X-ray tomography
[1] and TEM, but also LA-ICP MS micromapping [2], respectively.
As SERS relies on the plasmonic properties of the nanoparticles, nanoprobes and
labels always have to provide suitable size, shape and agglomeration structure. Here we will
discuss also interesting composite materials that can be used for studies of nano-biointeractions, and optical labels carrying SERS reporters that provide high stability and
specific signals. As we demonstrated for hemoglobin and red blood cells, the nano-biointeraction may also have serious consequences for biomolecular structure [3]. In this talk,
applicability of a SERS approach for structural studies will be critically discussed.
References:
[1] D. Drescher, P. Guttmann, T. Büchner, S. Werner, G. Laube, A. Hornemann, B. Tarek, G. Schneider,
J. Kneipp, Nanoscale, 2013, DOI: 10.1039/C3NR02129G.
[2] D. Drescher, C. Giesen, H. Traub, U. Panne, J. Kneipp, N. Jakubowski, Anal. Chem. 84, 9684-9688 (2012).
[3] D. Drescher, T. Büchner, D. McNaughton, J. Kneipp, Phys. Chem. Chem. Phys. 15, 5364-5373 (2013).
[4] D. Drescher, J. Kneipp, Chem. Soc. Rev. 41, 5780-5799 (2012).

Novel Platforms for SERS-Based Sensing 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 biomedical
pathogens is essential for the advancement of therapeutic and intervention strategies
necessary to protect public health. Current diagnostic methods, e.g. culture, isolation, PCR,
antigen detection, and serology, are often time-consuming, cumbersome, or lack sensitivity.
We have investigated several different nanoparticle platforms for surface-enhanced Raman
(SERS)-based identification and classification of pathogens. These platforms included metal
colloids, nanosphere arrays, OAD nanorod arrays, and layer-by-layer nanoparticle assembly.
The current talk will address the development of spectroscopic methods for pathogen
detection based on these nanostructured SERS platforms. Examples will include the use of
click chemistry for building carbohydrate microarrays as well as the detection of Mycoplasma
pneumonia in simulated and true clinical specimens. We will present multivariate statistical
analyses that indicate it is possible to identify, differentiate and classify pathogens based on
their intrinsic SERS spectra, even down to the individual strain level.

Raman Microspectroscopy and Surface-Enhanced Raman Scattering
for Biofilm Analysis: Focus on Stable-Isotope Technique
N. P. Ivlevaa, P. Kubryka, R. U. Meckenstockb, J. Kölschbachb, R. Niessnera
a) Institute of Hydrochemistry, Chair for Analytical Chemistry, Technische Universität
München, Marchioninistr. 17, 81377 Munich, Germany
b) Institute of Groundwater Ecology, Helmholtz Zentrum München, Ingolstädter Landstr. 1,
85764 Neuherberg, Germany
Biofilms are the predominant form of microbial life on our planet. These multicellular
aggregates, where different microorganisms are enclosed in a self-produced matrix of
extracellular polymeric substances (EPS: polysaccharides, proteins, glycoproteins, nucleic
acids, etc.), usually present near interfaces (solid-liquid, liquid-liquid, liquid-air, and solidair). As biofilms can be prevalent in natural, industrial and hospital settings, detailed and
spatially resolved information on composition and structure of biofilms is of high importance
in various fields.
Raman microspectroscopy (RM) is a powerful tool for characterization of multispecies
biofilm matrices, which provides in situ chemical information about microbial
constituents/components and EPS [1-4]. Moreover, the sensitivity of biofilm analysis can be
significantly increased by applying surface-enhanced Raman scattering (SERS) [5]. We used
colloidal silver nanoparticles as media for SERS imaging of biofilms and found than SERS
allows for the detection of different components and the determination of their relative
abundance in the complex biofilm matrix even at low biomass concentration. Furthermore,
the combination of RM with a stable-isotope technique seems to be a promising tool for
microbial ecology [6]. It has been shown that bacteria, which were 13C-labelled through
incorporation of the isotope (by cultivating with 13C-labelled glucose) exhibit key red-shifted
peaks of proteins and nucleic acids. The calculated ‘red shift ratio’ correlates very well with
the 13C-content of the cells [6].
We apply stable-isotope RM to characterize the accumulation and degradation of
pollutants by biofilms related to ground water. First, the feasibility of stable-isotope RM
technique for quantitative analysis has been proved by examination of reference compounds
(12C/13C-glucose and phenylalanine mixtures). As the next step, we study the accumulation of
13
C-naphthalene by N47 sulfate-reducing bacteria with the resolution at a single-cell level. We
found a clear red-shift of the bands in the Raman spectra of the microorganisms. Furthermore,
we prove the potential of SERS in combination with stable-isotope probing for sensitive
analysis of single microorganisms. This study should help in understanding the role of
biofilms in the fate of water quality-related substances and clarifying the degradation
pathways of pollutants.
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The fast monitoring of pathogens is not only crucial for medical diagnosis but also in the
field of pharmaceutical or food processing technologies. Applying Raman microspectroscopy
allows analyzing single bacterial cells and has therefore a time advantage over various
cultivation based techniques.
Nevertheless, for a cultivation-free Raman spectroscopic identification destruction-free
isolation techniques are mandatory. In addition, the chemical alteration of the bacterial cells
correlated to the isolation procedure has to be kept to an absolute minimum in order to omit
spectroscopic artifacts. [1]
Depending of the sample composition the isolation techniques have to be adapted
carefully. For powder material, density centrifugation is the most appropriate isolation
technique. [2,3] Beside such physical separation methods also the sample matrix can be
altered, e.g. in combination with an inactivation process. [4] For more heterogeneous samples
like e.g. meat a combination of different techniques might be necessary. [5] In total the
method should enable the identification of pathogens within the first few hours.
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Multi-methodological Insight into the Tissue: Raman and AFM Imaging
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Multi-methodological approach based on subsequent application of Raman and AFM
imaging, complemented in some cases by immunohistochemical staining (IHC) to analysis of
the same tissue area, was applied to study tissue condition in pathology. Raman imaging
provides information about biochemical composition of the tissue, AFM is a complementary
method of surface analysis i.e. topography or mechanical properties of the sample, such as
stiffness or adhesion, while IHC is a golden standard. The applied methodology allowed for
obtaining multifactorial information about the studied samples and, as such, is an effective
approach to investigate biochemical alterations related to pathological changes in tissues and
cells. Examples of Raman imaging combined with AFM and immunohistochemical staining
to visualize the tissue condition ex vivo are presented in this work (Fig. 1).

Fig. 1. The images of the vessel wall cross section: Raman distribution image of organic
specimens (A), AFM AC topography (B), AFM AC phase (C) and the same fragment of
tissue after immunohistochemical staining (D: red – endothelium, blue – nuclei, green –
autofluorescence of elastin fibres).
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Urinary tract infections (UTIs) are frequently encountered bacterial infections. The severity of
the infection can range from uncomplicated UTIs in young women to life-threatening health
care associated sepsis. In hospital treated UTI Escherichia coli and Enterococcus sp. rank
among the three most common bacteria. Currently established microbiological methods
require up to three days to identify the bacteria and to provide the full antibiogram. In times of
increasing antibiotic resistances faster, culture-independent characterization methods are
urgently needed.
In this contribution, we present a Raman spectroscopy based approach to characterize the
bacteria directly from the urine of UTI patients. The method includes a short sample
preparation step where leukocytes and endothelial cells are removed by filtration. Negative
dielectrophoresis is applied to capture the bacteria from the remaining dilute suspension at a
selected and well-defined position in space. At this position high quality Raman spectra of the
bacteria can be collected. With this combined dielectrophoresis-Raman setup it is possible to
distinguish E. coli and E. faecalis recovered from the urine of UTI patients within less than
one hour experimental time.
Further in-vitro experiments are carried out to characterize the antibiotic – bacteria interaction
with a special focus on vancomycin. Vancomycin is often used in enterococci infection as a
so called “antibiotic of last resort”. However, emerging appearance of vancomycin resistant
enterococci (VRE) endanger the successful use of this drug. Raman spectroscopy is utilized to
study the interaction of vancomycin with E. faecalis and E. faecium, both vancomycin
sensitive and resistant strains. First changes in the Raman spectra due to the drug action of the
drug can already be observed after 30 minutes incubation. Those spectral changes allow an
automatic differentiation between vancomycin treated and untreated bacteria using a
multivariate classification model.
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From Emergency Diagnostics to Basic Research – Electron Microscopy in
Medical Microbiology
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Electron microscopy (EM) extends the optical resolution to the sub-nanometer range
and therefore allows the analysis of small biological structures, such as viruses, bacteria,
organelles or even larger molecules. In medical microbiology EM is widely used for various
purposes. Diagnostic EM and the application of high-end imaging/preparation methods to
answer questions of basic research are two distinct facets from the spectrum of EM
applications that we use at the Robert Koch Institute (RKI).
A rapid diagnosis of a pathogen is necessary if a life-threatening communicable
disease affects single persons or already spreads within the population. EM is one of the
methods which are applied in these situations at the RKI. It complements light microscopy as
a front-line method to screen samples for pathogens and allows detecting all particulate
constituents of a sample down to the resolution limit, which is far below the size of the
smallest known microorganisms including viruses. Diagnosis is rapid, usually completed well
below one hour for single or few samples, but not very specific and therefore provides a rapid
orientation that guides and speeds up the more specific methods (e.g. molecular genetics).
Moreover, it serves as an independent generic control for results obtained by other methods
involved and it visualizes the infectious unit. Standard preparation technique is the negativestaining technique which adsorbs particles of a sample suspension on a support and contrast
them with a heavy-metal stain [1]. The whole preparation is simple, robust and takes only
about a couple of minutes. Compact samples, which cannot be transferred into a suspension,
can be prepared by ultra-rapid thin section techniques, which make these samples accessible
for a diagnosis [1]. Current development of the methods include attempts to improve
specificity of the diagnosis, e.g. by combining EM with spectroscopy techniques [2, 3].
Bacteria of the genera Bacillus and Clostridium may cause diseases, such as anthrax or
wound infections. A particular feature of these bacteria is the ability to survive unpleasant
environmental conditions by forming spores which are extremely resistant and which retain
germination competence for years. The molecular and structural basis for this resistance is not
fully understood. To unravel the architecture and chemical composition of bacterial spores we
applied various high-end EM methods, such as high-pressure freezing, cryo-EM of vitreous
sections and serial cryo-focussed ion-beam scanning-EM. We identified a couple of hitherto
unknown structures in the dormant spore and analysed them in more detail, which also
included following their fate during germination and outgrowth. For instance, the DNA seems
to be organized in a crystal-like structure, which dissolves into strands during early
germination. This structural change timely corresponds with the release of calcium and
swelling of the core which is accompanied by the loss of heat resistance. Combining
physiological parameters with structural and chemical changes allows us to provide new
hypothesis on the mechanisms of the extraordinary resistance of spores and their rapid
revitalisation during germination.
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The detection of drugs be they illicit substances or prescribed medicines is needed in order to
detect substance abuse or pharmacodynamics. What is needed is both the quantification of
drug metabolites as well as any drug metabolites. Raman spectroscopy offers unique
specificity for molecular characterization and this usually weak signal can be significantly
enhanced using surface enhanced Raman scattering (SERS). Using judicious design of
experiments we have recently demonstrated excellent detection and quantification for a range
of drugs and biomarkers using SERS [Levene et al. (2012) Analytical Chemistry 84, 78997905; Mabbott et al. (2013) Analytical Chemistry 85, 923-931; Cowcher et al. (2013)
Analytical Chemistry 85, 3297-3302]. In this presentation we shall report the development of
SERS with machine learning methods for multiplexed quantification of drugs and their
metabolites.

SEIRA, SNIM, QCL, UFTIR:
Introducing New Tools for Vibrational Biospectroscopy
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e-mail: joachim.heberle@fu-berlin.de
New experimental methodologies will be presented that provide insight into the structure and
function of membrane proteins and their associated changes:
• in-vitro translation and folding experiments on the membrane protein
bacteriorhodopsin has been monitored by applying surface-enhanced IR absorption
spectroscopy (SEIRAS).
• Vibrational spectroscopy of individual proteins and biological membranes has been
performed by scanning near-field infrared microscopy (SNIM) at a spatial resolution
of 30 nm.
• Time-resolved IR spectroscopic experiments on the basis of tunable quantum cascade
lasers (QCL) and ultrafast scanning interferometers (UFTIR) will be presented to
record the kinetics of conformational changes in membrane proteins.

Application of Biospectroscopy to Characterise Cell-specific Functionality
Based on Chemical Signatures: Applications to Stem Cell Biology
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The building blocks of a tissue’s architecture are multiple cell types that are at various points
in lineages towards differentiation or their useful lifespan. Cell-specific functionality will
determine chemical composition of bio-molecular structures. Even similar cells with common
functionality would be expected to differ in their chemical fingerprints. In general, tissues
with a regenerative capacity (e.g., the GI tract) are believed to contain stem cells (SCs) that
divide symmetrically or asymmetrically to give rise to transit-amplifying (TA) cells that are
then committed to generating terminally-differentiated (TD) cells. Especially in humanderived tissues, application of conventional methodologies such as antibody-labelling of
single epitopes has failed to result in convincing SC markers. In contrast, application of
biospectroscopy methods generates an integrated chemical signature in the form of a
spectrum; this can then be related to structure and function. Given the number of data points
within such a signature (typically 200 to 300) and the differing cell dynamics in a given
tissue, large and complex datasets are generated. Extracting the vital cell-specific
discriminating variables can initially be approached using exploratory approaches such as
principal component analysis and/or linear discriminant analysis. There is already compelling
evidence that such an approach can segregate putative SCs from TA cells from TD cells in
different tissues. Ultimately, this could allow one to identify the spectral profile considered
normal; deviations from this would point to various pathological states. In the future
laboratory setting, biospectroscopy methods will shed novel microscopic insight into the
function and role of the biological cell.

Mid-IR Spectroscopy in Medical Diagnostics
Using Tunable Quantum Cascade Lasers:
A Complement or a Competition to FT-IR-Spectroscopy?
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For almost three decades Fourier transform infrared (FT-IR) spectrometers have proven to be
the best choice for the spectroscopic analysis of body fluids, cells and tissues. Infrared lasers
such as the CO or CO2 laser, in spite of the high spectral power emission, have never played a
role because of their limited tunability and insufficient stability. Tunable IR laser diodes
based on Eu doped lead sulfide or lead selenide semiconductors could not be used outside the
lab because of the cryogenic temperatures required for operation.
With the advent of the quantum cascade laser (QCL) in the late nineties, powerful narrowband single wavelength IR emitters or, with an external cavity (EC), tunable EC-QCLs are
now available. Their power reaches to hundreds of mW and their tunability can extend over
several 100 cm-1, sufficiently broad to scan the entire IR fingerprint region within some tens
of msec. Probably their most pronounced advantage is their use in a pulsed mode, which
makes them an ideal IR light source for photometric measurement of IR radiation absorbed in
skin or tissues in combination with photoacoustic detection. A further advantage is high
spatial resolution because of the possibility of small focus sizes, basically only limited by
diffraction to some tens of microns. The only disadvantage at present is the price, which, for
broadband tunable EC-QCLs is substantially higher than routine FT-IR instrumentation and is
one of the actual obstacles for widespread biomedical applications.
The lecture presents our most recent developments in QCL applications for the measurement
of skin parameters and body fluids in vivo in comparison with FT-IR experiments.
Photoacoustic detection methods with resonance cells are described that, optimized for the
small focus and the high pulse energy of QCLs, open the possibility for the analysis of even
deeper skin layers that cannot be accessed by FT-IR spectroscopy because of the low spectral
density.

Progress in 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 Raman spectroscopy with optical trapping and
microfluidic chips for cell identification and sorting. 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.
Three important technical innovations were reported towards Raman activated cell sorting1.
First, a microfluidic chip made of quartz is introduced which integrates injection of single
cells, trapping by laser fibers and sorting of cells. Second, a chip holder was designed to
provide simple, accurate and stable adjustment of chips, microfluidic connections and the
trapping laser fibers. The new setup enables to collect Raman spectra of single cells at 785 nm
excitation with 10 seconds exposure time. Lastly, a new type of modeling the various
background contributions is described, improving Raman-based cell identification by the
classification algorithm linear discriminant analysis.
A Raman-on-chip device integrating detection fibers with fiber Bragg gratings was
introduced for analysis of solutions and particles2. Such a compact all-fiber based setup
enables to collect Raman spectra without microscopes or objectives. The limit of quantitation
is 7.5 mM for urea and 2.5 mM for nicotine with linear Raman spectroscopy. This is an
improvement of more than two orders of magnitude compared with previous fiber based
microfluidic Raman detection schemes.
Wavelength modulated Raman spectroscopy has been applied to suppress fluorescence
background in Raman spectra of single cells in aqueous buffer 3. The laser excitation
wavelength of 785 nm was modulated with a frequency of 40 mHz by 0.6 nm. The
classification behavior of wavelength modulated Raman spectra was studied in comparison to
a common background correction method in chemometrics. The stability of the classification
was tested by performing training and validation 200 times with randomly selected data sets.
The results are displayed in box whisker plots. Cell identification based on wavelength
modulated Raman spectra gives similar classification rates than classical and averaged Raman
spectra with a tendency of reduced accuracies and increased modeling variations.
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Application of Spectroscopic Methods
in a Food Control and Animal Health Laboratory
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The task of state food laboratories is the routine analysis of food samples, which are to some
extent correlated to foodborne diseases. The state veterinary laboratories are engaged in
diagnostics of animal illness, including zoonotic diseases, mainly from stock. The Chemical
and Veterinary Investigations Office Stuttgart, integrates both laboratory parts.
Microbiological analysis in these fields comprises two main steps: enrichment / cultivation
and differentiation / conformation of the obtained isolates. In a state laboratory, the
cultivation step is usually performed using methods fixed in international or national
standards (ISO, method collection according §64 German food and feed law). For the
differentiation step, the commonly used biochemical tests (tubes, commercial miniaturized
systems) were partly replaced by gene-based methods (specific PCR, sequencing), while
advanced spectroscopy methods are not yet standardized. In the last decade vibrational
spectroscopy techniques (FT-IR, Raman) still have an exotic status in this field while massspectrometry (MALDI-TOF MS) is recently attaining greater acceptance.
The introduction of FT-IR in our laboratory ten years ago, and the purchase of an MALDITOF MS in 2012 changed the differentiation workflow significantly: biochemical tests as well
as some species specific PCRs were replaced by MALDI-TOF MS. We now use FT-IR if
- the specificity of MS is insufficient for the target bacteria (e.g. Bacillus cereus, Listeria),
- additional information about pathogenicity has to be maintained (e.g. emetic B. cereus, ailpositive Yersinia enterocolitica [1]), or
- a chain of infection is investigated (foodborne disease [2], immunization failure).
On rare occasions we have used FT-IR to support the description of new species [3], or to
perform prevalence studies [4].
Two examples visualize the potential of the combination of FT-IR with other methods
routinely used in our laboratory:
- an actual foodborne outbreak caused by Staphylococcus aureus toxin, and
- a study of caseous lymphadenitis in game, a rare disease caused by Corynebacterium
ulcerans – a bacterial species linked with human diphtheria [5].
By combination of MALDI-TOF MS and FT-IR microbiological diagnosis improved on a
level of both, rapidity and reliability, that was not accessible with usual standard tools. This
opens many options for application in routine microbiology, notably under the aspect of very
limited research resources.
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IR Spectroscopy and Imaging in Skin Biophysics: Barrier Formation Kinetics
and Lateral Diffusion across the Stratum Corneum
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(1) Barrier formation kinetics:
The primary barrier to permeability in human skin resides within the ~15 μm thick
outermost layer, the stratum corneum (SC), formed from anucleated corneocytes embedded in a
lamellar lipid matrix. Wide angle X-ray diffraction and IR spectroscopy studies of human SC reveal a
substantial fraction of lipid orthorhombic chain packing. Fatty acids are important for formation of this
phase. Thermotropic studies revealed the occurrence of an orthorhombic → hexagonal packing
transition near the physiological temperature of skin. This transition is thermally followed by a
hexagonal→disorder transition under non-physiological conditions. Substantially less well elaborated
than the SC structure studies are investigations of the kinetics and mechanisms of the formation of
lamellar structures, lipid packing motifs, and domain formation. Such information is of interest in a
variety of fundamental areas in skin biophysics. Elucidation of the kinetic mechanism of lipid domain
formation would help define potential pathways for permeation of hydrophobic species as well as to
possibly provide clues as to why such a variety of ceramides and additional lipophilic species are
present in skin. In addition, understanding the formation and dissipation kinetics of domains formed
from particular ceramide and fatty acid species would aid in defining biological processes such as
epidermal desquamation, which involves degradation of layered structures in the intercellular spaces.
We will report on the results of IR kinetic studies in a standard three component model for the human
SC consisting of equimolar NFA ceramide/stearic acid/cholesterol. Quenching experiments from a
disordered state at 90C to physiological temperatures followed by time-dependent IR measurements
provide the following sequence of events leading to the formation of lamellar structure: (a) Formation
of ordered H-bonds in the ceramide polar regions (0-4hr), (b) ordering of bent structures (0-7 hr) and
orthorhombic phase formation (0-3hr) in the ceramide chain regions, and (c) slower (4-8 hr) formation
of hydrogen bonded dimers and extensive orthorhombic domains in the stearic acid component. The
resultant stearic acid domains constitute the initial development of lamellar structure in these simple
skin models.
(2) Lateral Diffusion across the Stratum Corneum
The majority of percutaneous penetration/permeation studies have focused on the
ability of a substance to cross the stratum corneum (SC) barrier without considering competitive
spreading and lateral diffusion processes that may take place simultaneously on the surface and within
the SC, respectively. Along with these processes, the potential exists for the formation of a drug depot
or reservoir in the SC which may have important consequences regarding dosing and controlled or
timed-release. Lateral diffusion within the top layers of the SC and radial spreading mechanisms along
surface furrows or glyphs are poorly defined although this information is of substantial
pharmacological, toxicological, and cosmetic importance. In this experiment, we demonstrate the
feasibility of mapping lateral spreading/diffusion in human SC with IR imaging. We tracked the
spatial distribution and concentration of the common permeation enhancer, oleic acid (OA). In
addition to providing temporal and spatial quantitative measures of OA concentration along
networked furrows in the SC surface, similar images are generated for relatively glyph-free regions.
Since the imaging results do not directly distinguish between OA spreading on the skin surface and
that diffusing within the SC, we modeled the concentration profiles using two theoretical frameworks.
A range of diffusion coefficients for lateral transport based on Fick’s second law along with a
paradigm of liquid spreading in V-shaped grooved networks based on Washburn’s power law are
compared with the imaging data. Although the unique capabilities of IR imaging permit us to monitor
perturbations in endogenous component structure induced by permeants, alterations were not detected
in the experiments with OA. In contrast, endogenous structural perturbations were demonstrated with
similar IR imaging experiments of DMSO lateral diffusion.

Towards a Rapid Malaria Detection & Quantification System Using
Attenuated Total Reflectance Infrared (ATR-FTIR) Spectroscopy
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The detection of the rings and gametocytes at low parasitemia in peripheral blood is critical
for early diagnosis and treatment of malaria. Here we show for the first time that ATR-FTIR
spectroscopy in combination with a partial least squares regression models has the required
sensitivity and ease of sample preparation to become a laboratory standard for malaria
detection and most importantly quantification.
The absolute quantification limit was found to be 0.001% (50 parasites/uL of blood) for
cultured ring stage and gametocyte parasites in a suspension of normal erythrocytes. The
absolute detection limit was found to be 0.00001%. Results are compared with resonance
Raman and synchrotron imaging FTIR spectroscopy along with conventional microscopy and
immunohistological approaches.
In a second study we have investigated live malaria infected cells using synchrotron FTIR and
compared the different stages of parasite throughout the erythrocytic life cycle. We report for
the first time the detection of malaria parasite DNA as evinced by the important
phosphodiester marker bands including the asymmetric phosphate stretch at 1242 cm-1 and
the symmetric phosphate stretch at 1082 cm-1 along with the base-stacking mode at 1715 cm1
. The appearance of the asymmetric phosphate stretch at 1242 cm 1 is particularly interesting
as this is consistent with the A-DNA conformation normally only observed in dehydrated
cells.
More work is required to verify this assignment. Second derivative spectra of the different
stages of the parasite are presented and the important bands assigned in Figure 1. The band at
1208 cm-1 is assigned to the C-O stretching vibration of the propionate group from hemozoin.
This band, along with the DNA marker bands, appear more intense in spectra from
trophozoite and gametocyte infected cells compared to the ring stage parasites. None of these
bands are observed in the uninfected cells. The results are compared with the analogous
spectra recorded of fixed cells. The extremely high throughput and sensitivity of the IR
beamline at the Australian Synchrotron has enabled us for the first time to record spectra of
living malaria parasites and detect the important DNA and hemozoin marker bands.
Figure 1. Second
derivative spectra of
living malaria parasites
at different stages of
the erythrocytic
lifecycle highlighting
the important
haemozoin and DNA
marker bands.
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Abstract
The defence against the use of biological weapons (BW) is becoming an increasingly
important concern which is reflected in the National Security Strategies of the USA and UK.
The UK has highlighted international terrorism affecting the UK or its interests, including a
chemical biological, radiological or nuclear attack by terrorists as a tier one risk1. The USA
specifically mentions countering the biological threat to strengthen resilience across the
spectrum of high-consequence biological threats2.
Many BW agents will remain viable in the environment for a substantial period of time
posing a continued risk, hence there is a requirement to facilitate hazard avoidance, control of
the spread of the hazard, exposure management and decontamination confirmation.
This paper will discuss the use of spectroscopy combined with pattern recognition algorithms
and its use for detecting surface deposited BW simulants. Spectroscopy is quick, costeffective, simple to operate, reagent free and requires simple sample preparation. The
bacterial strains analysed were selected to cover a range of bacterial groups representative of
BW threat agents and common environmental bacteria (Bacillus atrophaeus, Bacillus
thuringiensis var kustaki, Bacillus thuringiensis ATCC 29730, Escherichia coli MRE 162,
Pantaeoa agglomerans ATCC 33243 and Pseudomonas fluorescens ATCC 13525). This
proof of principle paper will also discuss the impact of environmental conditioning (a daily
cycle of temperature and humidity for 30 days) of these simulants on the spectroscopic
signatures and pattern recognition models. The temperature and humidity conditions are
within the ranges prescribed in the Ministry of Defence Standard on Natural Environments
and measurements from Camp Bastion, Afghanistan.
[1] A Strong Britain in an Age of Uncertainty: The National Security Strategy, CM7953,
October 2010.
[2] National Security Strategy 2010, United States Government, May 2010.

Insights into Burkholderia cepacia Complex Long-term Infections through
FT-IR Spectroscopy
Brenda Valeiras, Pablo Martina, Claudia Prieto,
Osvaldo Yantorno, and Alejandra Bosch
CINDEFI-CONICET-CCT La Plata, Facultad de Ciencias Exactas, Universidad Nacional de
La Plata. Calle 50 No 227, La Plata (1900), Argentina
Burkholderia cepacia complex (Bcc) species are opportunistic human pathogens capable of
causing chronic and often severe respiratory tract infections in cystic fibrosis (CF) patients. The
excessive production of thick and sticky mucus in CF patients clogs their airways and provides a
favourable environment for bacterial infection. This environment characterized by, a heterogeneous
distribution of nutrients, the presence of host immune response agents and therapeutic antibiotics,
makes bacteria face continuous adaptive challenges. For P. aeruginosa both the genetic adaptations
and phenotypic variations that occur during long-term CF lung infection are very well characterized:
conversion to the mucoid phenotype, inactivation of quorum sensing signals, resistance to antibiotics,
alterations in lipopolysaccharides (LPS), loss of Type III secretion system, and a rise in the mutation
rate (hypermutator phenotype)[1]. In contrast, the behavior of Bcc species due to adaptation and
persistence in CF lungs is mostly unknown.
A collection of 155 isolates belonging to Bcc species recovered since 2004 from 95 patients
treated at different CF Reference Centers and hospitals in Argentina was analyzed. In 47 % of this CF
population Bcc infection was transient while, in the remaining 53 % patients the infection evolved to a
chronic colonization [2]. Our aim here is to show the use of FT-IR spectroscopy as a powerful tool to
contribute in the understanding of several aspects associated to the adaptation of Bcc bacteria to
persist in the hostile lung environment of CF patients leading to chronic infections.
Over these 9 years we have established that the genotypic diversity of our whole population –
including isolates obtained from both new and chronically infected CF patients- has decreased.
Nevertheless, the phenotypic diversity has increased as indicated by a significantly high number of
FT-IR spectral types encountered in the last years of our surveillance. In this work we analyzed
subsequent isolates recovered from several chronic infected patients searching for spectral markers
associated to phenotypic changes, possible due to adaptations of Bcc during chronic lung infection.
For B. contaminans species we found: i) loss of Type IV pili (Amide I, 1450- 11350; 1280-950 cm-1)3,
ii) changes in the capability of accumulation of polyhydroxy-alkanoate storage material such as PHB
(1740, 1383, 1182, 1303, 1182 and 1059 cm-1), iii) variations in carbohydrate content which could be
associated with an adaptive conversion from the mucoid to the non-mucoid variants. In the case of B.
cenocepacia consecutively isolates presented changes in the spectral signals assigned to lipids (30002800 cm-1). This later result is in agreement with membrane chemical composition modifications
reported for B. cenocepacia isolates recovered from a chronic lung infection in Portugal [4].
As FT-IR spectroscopy is sensitive to the presence of different cell components and/or
virulence factors, it constitutes a very powerful and rapid tool to analyze chemical modifications
associates with phenotypic variations among the different isolates retrieved over long-term infections.
Various approaches have been applied to study the “chronic infection phenotypes” in different genera
and species. Nevertheless, this investigation represents the first work which contributes to elucidate
the “microbial evolution” in chronic lung infection of CF patients through FT-IR spectroscopy.
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FTIR imaging is now a well-established analytical method for obtaining spatially resolved
spectral & spatial information simultaneously in the micron size domain and has been applied
across many different application areas, from polymer science to biomedical imaging. Over
recent years, interest has increased in pushing the diffraction limited spatial resolution
performance of FTIR imaging systems, which have been led by synchrotron based systems.
We present here, a novel method of magnification enhancement utilizing existing objectives,
affording a ultra high spatial resolution FTIR imaging capabilities in the laboratory in the
order of 1 micron/pixel. Furthermore, this implementation for the first time, conserves the
relatively large working distance of regular objectives (~25mm), whilst also permitting ultra
high spatial resolution ATR imaging, with 0.2 micron per pixel, all using a single objective.
Presented here is a study on biomedical samples (mouse brain sections), contrasting data to
laboratory based standard magnification, ultra high magnification FTIR Imaging and to that
obtained from synchrotron based FTIR imaging systems in terms of both spatial and spectral
detail. Results from this new ultra high magnification configuration will be contrasted to
standard magnification and synchrotron FTIR imaging data and evaluated in terms of spatial
and spectral quality. Additional polymeric example will also be presented.

Figure 1. Spatial and spectral comparison if lipid inclusion. Upper: Standard magnification at 5.5 microns/pixel,
Lower: Ultra High Magnification at 1.1 microns/pixel. Note the extra spatial detail and stronger C-H stretching
signal (3000-2800cm-1) in the ultra high magnification image.

FTIR Imaging as a New Tool to Characterize Immune Cells in Various
Biological Tissues: Focus on Secondary Lymphoid Organs and Breast Tumor
Infiltrating Lymphocytes
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It is now widely recognized that the immune system plays a dual role in cancer progression, promoting
or inhibiting tumor growth and metastases.1-3 In human breast cancer, particular spatially organized
Tumor-Infiltrating Lymphocytes (TILs) have been associated with an effective therapeutic response
and favorable clinical outcome.4-6 This study investigates the potential of InfraRed (IR) imaging to
identify and characterize infiltrating lymphocytes in breast tumors, focusing on T CD4+, T CD8+
lymphocytes and B lymphocytes (CD20+). Over the past few decades, Fourier Transform InfraRed
(FTIR) spectroscopy coupled with microscopy has been recognized as an emerging and potentially
powerful tool in cancer research and diagnosis.7,8 IR imaging enables to probe the chemical
composition and molecular structure of complex systems such as cells and tissues with spatial
resolution at the cell scale, providing a global and unique signature of all cellular components.
Compared to the gold standard used for the study of immune cells in tissue sections, i.e.
immunostaining, IR imaging shows numerous advantages, including minimal sample preparation, high
data throughput, standardization, automation and no requirement for staining. We therefore suggest
that IR imaging could provide additional and complementary information to study immune infiltrates
in solid tumors. In this study, infrared spectra of lymphocyte subpopulations (CD4+, CD8+ and
CD20+ cells) were recorded on both lymphocytes present in FFPE tissue sections of secondary
lymphoid organs, i.e. tonsils, and breast tumors. Samples were deposited on a BaF2 window, the
spectroscopic imaging data were acquired in transmission mode, using a Hyperion imaging system
(Bruker) equipped with a 64x64 MCT (Mercury-Cadmium-Telluride) FPA (Focal Plane Array)
detector. Each IR image covered an area of 182 x 182 μm² and contained 4096 spectra, each one being
the average of 256 scans. All spectra were preprocessed using baseline and water vapor corrections,
normalization and quality filters. The areas comprising the specific lymphocyte subpopulations were
determined by Hematoxyline & Eosin (HE) and Immuno-Fluorescent (IF) stainings of adjacent tissue
sections. Principal Component Analyses (PCA) together with Partial Least Square-Discriminant
Analyses (PLS-DA) indicate that IR spectra obtained from subpopulations of CD4+, CD8+ or CD20+
lymphocytes recorded on tonsils, each show significant differences and can be identified relative to the
other subpopulations. These results indicate that FTIR imaging is able to identify specific lymphocyte
subpopulations based on their spectral features. Our current studies are investigating this hypothesis on
immune infiltrates in breast tumors and these data will be presented at the meeting. In conclusion, this
exploratory study shows the ability of FTIR imaging to distinguish and identify CD4+, CD8+ and
CD20+ lymphocytes from secondary lymphoid organs without staining requirement. These results
highlight the potential use of IR imaging as a new tool for studying immune cells and pave the way for
its use to identify and characterize lymphocytes infiltrating breast tumors.
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A Novel Approach to Aquatic Ecotoxicology:
Applications of FTIR Spectroscopy
Akkas, S.B., Cakmak, G., Beklioglu, M., Severcan, F.
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Given their widespread distribution in aquatic and terrestrial ecosystems, there is an ever
increasing concern about the effects of chemical contaminants on human, wildlife and
ecosystem health. Ecosystems function on the basis of interactions between abiotic (such as
contaminants) and biotic factors. This biotic component may be examined at many levels.
This report is based on the fact that organismal changes are preceded with molecular changes
and here it is suggested that Fourier Transform Infrared (FTIR) spectroscopy is a promising
candidate for revealing toxicant-induced modifications at the molecular level.
As biomolecules absorb infrared (IR), FTIR spectroscopy can be employed nondestructively to generate signature vibrational spectra revealing structural and functional
information. In light of this, this study reports the cypermethrin- and NaCl-induced alterations
in the molecular profile of zooplankton by ATR-FTIR (Attenuated Total Reflectance)
spectroscopy and the toxic effects of nonylphenol on fish liver samples by FTIR spectroscopy.
Daphnia pulex neonates (24-48 hrs) were exposed to either cypermethrin (CM) test
solutions (0.00, 0.04, 0.10, 0.30, 0.90, 1.80, and 3.60 μg/L) or NaCl test solutions (0.00, 0.05,
0.10, 0.20, 0.40, 0.80 and 1.50 g/L) for three weeks. Afterwards, the daphnids were subjected
to a minor dehydration step to be analysed by means of ATR-FTIR spectroscopy [1,2]. On the
other hand, juvenile (8 mo) rainbow trout (Oncorhynchus mykiss) were exposed to
nonylphenol (NP) test solutions (0.0 and 220.0 µg/L) for two weeks, after which their liver
tissues were removed to be spectrally analysed by means of the KBr pellet technique [3].
Resultant IR spectra revealed that exposure of daphnids to both CM and NaCl resulted
in reduced protein and saturated and unsaturated lipid contents, where the decreased
unsaturation in fatty acyl chains is likely due to CM-induced lipid peroxidation. On the other
hand, the spectral results from NP-treated fish liver tissues revealed an increased population
of hepatic lipids, especially triglycerides, and nucleic acids, and a decrease in protein and
glycogen levels. In addition, an increased population of unsaturated lipids was observed likely
due to an accumulation of lipid peroxidation end products. These findings demonstrate that
the investigated toxicants can mediate a number of toxic effects or cellular alterations at
environmentally relevant concentrations.
This report shows the power of FTIR spectroscopy in describing the macromolecular
pool of lipids, proteins, carbohydrates and nucleic acids simultaneously of environmentally
relevant samples. It is put forward that this tool is capable of detecting early molecular
alterations induced by even low doses of toxicants, the effects of which may not always be
observable at the organismal level, and has great potential as a novel monitoring tool for
contamination.
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New Approaches to Understanding Ecosystem Dynamics in the Southern
Ocean Involving Phytoplankton Using FTIR Spectroscopy
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Photosynthetic carbon assimilation by microalgae produces organic carbon biomass in the
form of macromolecules (carbohydrates, proteins and lipids) which ultimately fuel the entire
marine ecosystem. The quality of the microalgal biomass, in terms of the relative proportions
of proteins, lipids and carbohydrates, is variable, affecting trophic transfer efficiency and thus
the amount of carbon, nutrition and energy available to the ecosystem. Despite long being
recognised as a critical driver of marine ecosystems, models which accurately relate primary
production to ecosystem production continue to elude marine scientists [1]. Major challenges
faced by carbon and ecosystem modelers relate to limited field data availability and
understanding of the interaction of microalgal physiology, assemblage composition and
environmental factors. Improving our ability to efficiently and robustly measure microalgal
physiological and macromolecular parameters will lead to more robust models and
subsequently more accurate predictions of ecosystem responses to stimuli (such as harvesting
quotas and environmental change).
Currently, sample analysis is a bottleneck in data collection, since available methods
such as isotopic incubations can be time-consuming and expensive. Thus, an opportunity
exists to innovate marine microbiology through the application of high-throughput, rapid and
inexpensive spectroscopic approaches [2]. Traditionally, physiological parameters such as
growth rate and productivity have been determined over time (typically 12-24 hours) using
isotopic incubation techniques. The number of samples which can be analysed is limited by
cost and turn-around times. Spectroscopy offers substantial advantages over traditional
methods, being inexpensive, quantitative, objective, rapid, high throughput, sensitive and
inherently multivariate. It has the potential to revolutionise the way we collect data on marine
microorganisms and thereby facilitate a leap in our understanding of their contributions to
marine ecosystems.
In this context we will discuss analyses using FTIR microspectroscopy of
phytoplankton samples obtained recently from the Kerguelen Plateau, an upwelling of ironrich waters that promotes the growth of the largest phytoplankton bloom in the Southern
Ocean starting in November and continuing until February each year. We demonstrate that the
spectroscopic approach could provide both taxonomic identification and information about
macromolecular composition related to changes in environmental factors such as nutrients at
the single cell level.
[1] K. Friedland, C. Stock, K. Drinkwater, J. Link, R. Leaf, B. Shank, J. Rose, C. Pilskaln, M. Fogarty, PLoS
ONE 7, e28945 (2012).
[2] Heraud P., Wood B. R, Beardall J. and McNaughton D. in Kneipp K., Aroca, R., Kneipp H., and WentrupByrne E. (eds.) "New approaches in biomedical spectroscopy", p. 85-106, American Chemical Society
(2007).
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We report Fourier transform infrared spectro-microtomography [1], a three-dimensional
imaging approach that provides spectrally rich, label-free, nondestructive visualizations of the
distribution of distinctive chemical compositions throughout intact biological or materials
samples. The method combines mid-infrared absorption contrast with computed tomographic
data acquisition and reconstruction to enhance chemical and morphological localization by
determining a complete infrared spectrum for every voxel (millions of spectra determined per
sample). We will show results on bio-medical relevant samples such as an intact grouping of
pluripotent stem cells where the technique promises a better understanding of the biochemical
structure of differentiating stem cells in their microenvironment. We will also show examples
of FTIR spectro-microtomography analysis the cell wall molecular architecture in intact plant
species important for biofuels. Efficient data collection and analysis facilities with the
promise of quantitative analysis are under development which will incorporate advances from
protein
crystallography,
X-ray
tomography, medical tomography,
FTIR
spectroscopy,
and
supercomputers to automate the
collection, reconstruction and storage
of large spectral tomographic data
sets.
[1] M.C. Martin et al., Nature
Methods Advance Online Publication,
doi:10.1038/nmeth.2596 (2013).

3D protein and lipid distributions for an embryoid body
colony of mouse stem cells. Volume renderings from
reconstructions for the protein amide I absorption band
(1,650 cm−1; blue-red) and lipid bands (2,850 cm−1;
orange-yellow) reveal three layers of cell bodies with
inhomogeneously distributed lipids. Scale bar, 10 μm.

Synchrotron FTIR Spectral Microscopy Reveals Functional Response of
Deep-Sea Microorganisms to the Gulf of Mexico Oil Spill
Hoi-Ying N. Holman
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The Deepwater Horizon blowout in the Gulf of Mexico on April 20th, 2010 is the largest oil
spill in the history of the United States. Their biological effects and expected fate were
unknown due partly to the extreme depth and magnitude of this event, and partly to the
primary initial mitigation strategy that injected unprecedented quantity of oil dispersant
COREXIT 9500 directly at the wellhead (1,544 m below the sea surface). An additional
mitigation strategy was to utilize the deep sea microorganisms that could degrade the oil; but
this strategy depended on how native microorganisms would respond to an increased
concentration of hydrocarbons and/or dispersant in situ. A multi-institutional collaboration led
by Berkeley Lab researchers discovered that the dispersed hydrocarbon plume stimulated
deep-sea psychrophilic γ-proteobacteria. Synchrotron FTIR measurements exhibited spatial
and temporal dynamics of spectral features of C=O, NOx and SOx vibration modes, giving
insights into the in-situ microbial processes by revealing how intrinsic microbes — as
seemingly insignificant as an mitigation agent at low temperature and high pressure — could
lead to significant molecular changes in hydrocarbon composition with distance from the
source at 5°C in the deep-water column of the oil plume in the Gulf of Mexico.
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An FTIR image can be acquired mainly in three different configurations: transmission,
reflection or attenuated total reflection (1). A “pseudo-hemisphere” approach was applied to
FTIR imaging in transmission mode, and demonstrated increased spatial resolution along with
the removal of chromatic aberration and a reduction in scattering. This has been achieved by
introducing a lens on top of the window of a standard transmission infrared liquid cell, a
pseudo hemisphere lens is formed on the sample and the dispersion and refraction effects are
removed.(2) Through this lens refraction of light is removed and the light across the spectral
range has the same focal depth. We show that this approach can be applied to image cross
section of human hair, breast tissue and live cells in transmission mode without chromatic
aberration and with an improvement in spatial resolution; scattering effect across the edge of
cross section of tissue was also minimised with the presence of the lens. In a further
development, a second set of lens to create pseudo sphere (rather than hemisphere) was
introduced to obtain focused images of aqueous systems for imaging of live cells in
microfabricated devices. This approach is significant as spectroscopic imaging of live cells
was achieved without the recourse to a synchrotron source of infrared radiation and that FTIR
images of live cells have been measured in microfluidics in aqueous solutions and in
droplets.(3) This powerful approach may be beneficial for FTIR spectroscopic imaging in
transmission for the study of liquid samples.
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Medical Diagnosis by Infrared Spectral Cytopathology (SCP)
Max Diem
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Over the past 5 years, more than a quarter million infrared spectra of individual exfoliated
human cells have been collected. The origin of these cells was the urinary tract, the cervix,
the esophagus and the oral and nasopharyngeal cavities. The overall aim of this research was
to establish SCP as a more accurate and reliable method for medical diagnosis of exfoliated
cells and as an early indicator of disease, especially cancer. In particular, the influence of
factors such as cell morphology, fixation procedures, hormonal variations, and life-style factors (smoking, alcohol and over-the-counter medication) on the cellular spectra was investigated. The largest of these studies, the screening for oral disease, enrolled 120 subjects, about
25 clinical cases and 95 volunteers recruited on-campus.
All data acquisition was carried out by imaging a sparse monolayer of cells, created by liquid-based cytological methods, by infrared imaging spectrometers (Perkin-Elmer Spotlight
400) and reconstructing cellular spectra from pixel spectra by a method referred to as the
PapMapP algorithm [1]. All cellular spectra were signal-enhanced using the NA-PCA method
[2] and water-vapor corrected by an MSC algorithm [3]; finally, dispersive line shapes due to
sample morphology was accounted for by phase correction [4].
The overall results from these studies can be summarized as follows. (1) Fixation of exfoliated cells by methods used in classical cytopathology produces very small, but consistent
spectral changes that do not confound the analysis as long as the fixation method is consistent. (2) Squamous and columnar cells do exhibit small spectral changes. (3) Cancerous cells
exhibit quite distinctly different spectra from normal cells; dysplastic cells may exhibit spectral patterns in-between those of normal and cancerous cells. (4) The majority of morphologically normal cells from sampled diagnosed as abnormal by classical cytopathology exhibit
spectral patterns that are already slightly abnormal. This observation was first reported in the
late 1990s [5] and confirmed in both Raman and IR spectroscopy. These spectral changes are
referred to as “malignancy associated changes” or “field cancerization”, but may also have
viral origin.
This last result holds a strong promise for the early detection of disease by spectral methods:
whereas in classical histopathology, less than 1 % of cells show abnormal morphology in a
sample from a patient with disease, the majority of cells show abnormality by SCP methods.
Thus, a more sensitive and less subjective test procedure can be designed based on SCP.
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Fiber coupled FTIR-spectroscopy for biomedical diagnostics
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Within the last decade vibrational spectroscopy methods are growing fast in life science as
they enable molecular analysis of tissue, bio-liquids and even exhalation in real time - in-vivo
and in-citu, - need no sample preparation and require no injection of specific fluorescent
markers. Complimentary methods of Mid-IR absorption and Raman scattering spectroscopy
can be used not only for open surface analysis for a screening or intra-operative diagnostics.
All advantages of these methods can be also used in the synergy with fiber optic probes
designed for endoscopic applications. As fiber optics is available now from UV to Mid IRrange it enables to design probes with different spectral methods combination – to provide
diagnostics with better sensitivity, specificity, accuracy and high positive predictive value.
In difference with PhotoDynamic Diagnostics requiring injection of various photosensitizers
Raman & IR-Absorption spectroscopy methods are not invasive and can be relatively fast
developed for pragmatic use in medicine as clinical approval for them needs no long time
consuming procedures in contrast with this demand for any new PDD pharma-agents. Short
review of biomedical diagnostics realized with fiber coupled FTIR-spectrometers will be
provided in comparison with an alternative spectroscopy methods.
The latest development in Mid IR-fiber optics expands spectral range of bio-spectroscopy
from UV-vis-Near IR-range towards Mid IR - up to 18µm (20.000 to 550cm-1). Up to now the
most of fiber spectroscopy systems were configured for biomedical diagnostics using
reflection, fluorescence, absorption/ transmission and Raman-spectroscopy methods realized
with Silica fiber probes. In result these system were limited to silica glass transmission range
from 180nm to 2.4µm. Nowadays IR-glass fibres, Polycrystalline PIR-fibres and Hollow
Waveguides can cover the longer wavelength Mid IR-range - up to 18µm, - including “fingerprint” spectral region where the most of molecular vibrations possess by specific absorption
bands. These fundamental vibration bands in Mid IR are 100-1000 times more intensive and
more narrow compared to their 2nd & 3rd harmonics at a shorter wavelengths <2µm.
So informative method of Mid IR-absorption spectroscopy is compared to the complimentary
Raman spectroscopy – which provides information on molecular vibrations as well, but due to
non-elastic scattering effect. As tissue absorption is quite low for a main laser wavelengths
used for Raman scattering (in Near IR) – NIR-laser beam penetrates in tissue much deeper
compared to Mid IR-range. In result the total scattering signal collects from a relatively large
tissue volume all spectral features specific for a different tissue parts in this volume – and
they are different in molecular composition. This overlap of different spectra makes the task
of tissues differentiation quite complicated, especially when the collected signal intensity is
million times weaker compared to laser beam intensity. Tissue absorption spectroscopy with
ATR-probes (with sensitive tips based on Attenuated Total Reflection) is based on signal
analysis from a very thin layer of tissue connected to ATR-tip (few µm depth). As so thin
layer is almost homogenous - the more precise molecular analysis for it can be done with Mid
IR-absorption spectroscopy compared to the Raman or Fluorescent diagnostics. While this
feature looks positive – it could not fulfil the dream of doctor to see through the tissue as deep
as possible and to find malignant cells deep enough with good accuracy.
Discussion of these and another pro & contra factors could not help to select a winner from
two alternative vibrational spectroscopy methods, but improves our understanding of their
potential in complimentary use for screening and diagnostics of cancer and other diseases.
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Application of Infrared Spectroscopy for Screening Acrylamide Content in
Commercial Potato Chips
Huseyin Ayvaz and Luis E. Rodriguez-Saona
Department of Food Science and Technology, The Ohio State University,
110 Parker Food Science and Technology Building, 2015 Fyffe Road, Columbus, OH, USA
Acrylamide (2-propenamide, CAS Registry No. 79-06-1) is a chemical compound naturally
formed during high temperature processes such as frying, roasting and baking in a wide
variety of foods including french fries, potato chips, cereal, bread and coffee.1 It has been
reported to be a human neurotoxin, a rodent carcinogen and classified as a “probable
carcinogen to humans”.2 Commonly used techniques for acrylamide analysis in foods require
the use of LC-MS/MS or GC-MS that require extensive sample preparation, highly
specialized instrumentation, and are time consuming. In this study, attenuated total reflectance
(ATR) mid-infrared microspectroscopy (IRMS) and portable and handheld infrared (IR)
spectrometers were evaluated as rapid alternative methods for acrylamide detection and
quantification in commercial potato chips. The acrylamide content of 64 commercial potato
chips (169-2453 µg/kg) was determined using LC-MS/MS as reference method. Partial Least
Squares Regression (PLSR) calibration models were developed to predict acrylamide levels
and validated in independent sample sets. Potato chips were grouped into three categories;
regular potato chips, seasoned potato chips and sweet potato chips, based on ingredients listed
on their labels and individual PLSR models were developed for each group. Overall, good
linear correlation was found between the predicted acrylamide levels of independent sample
sets and acrylamide concentrations measured by LC-MS/MS (rPred > 0.90 and SEP < 100
µg/kg). ATR-IRMS allowed the determination of acrylamide in aqueous extracts without the
need of SPE cleaning steps making IRMS a simple, rapid and high-throughput screening tool
for acrylamide detection and quantification in potato chips.3 Additionally, portable and
handheld systems allowed screening of acrylamide levels by direct contact on potato chips
providing food producers with increased flexibility and great potential for in-field applications
compared to bench-top systems that can only be used in a laboratory setting.
[1] J. S. Ahn, L. Castle, D. B. Clarke, A. S. Lloyd, M. R. Philo, D. R. Speck, Food Addit. Contam. 19, 11161124 (2002).
[2] A. Becalski, B. P. Y. Lau, D. Lewis, S. W. Seaman, J. Agric. Food Chem. 51, 802-808 (2003).
[3] H. Ayvaz, M. Plans, K. M. Riedl, S. J. Schwartz, L. E. Rodriguez-Saona, Anal. Methods. 5, 2020-2027
(2013).
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Raman-Spectroscopic Detection of Induced Drug Resistance Using a ThreeLevel Chemometric Model
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Antibiotic treatment of bacterial infections is only possible if the strain in question is sensitive to the
proposed treatment. The resistance does not need to be expressed permanently in the resistant bacteria,
but can also be induced by the presence of the antimicrobial drug. That means, bacteria with such induced
resistance will initially respond to the antibiotic treatment, but after a while continue to grow.
We present a study of two E. faecalis strains, a vancomycin-sensitive (S) and a strain with VanB
resistance (R) induced within ca. 2 h. The two strains have been grown in the presence (V) and absence
(C) of 10 µg/ml vancomycin and Raman spectra have been recorded after various time points. A threelevel chemometric model is build that can describe the induced resistance. First, the Raman spectra
undergo a partial least squares (PLS) projection set up to distinguish vancomycin-treated sensitive
bacteria from untreated controls of the same strain. In a second step, linear discriminant analysis (LDA)
yields the actual distinction to the degree of vancomycin-sensitivity. Already after 30 min the treated
bacteria show full response to the treatment (fig. 1). After 1 h, the resistant strain begins to recover. To
detect the induced resistance, the third level model uses the response to vancomycin after 1 and 2 h.
Figure 2 shows results of the 2nd level model for independent data (different batches measured at different
days). Note that the controls of both strains are projected on top of each other, although only the sensitive
strain was used to set up the projection.
Thus, Raman spectroscopic measurement of antibiotic sensitivity promises rapid detection not only of
sensitive strains but also of induced resistance.
For experimental details, please see the poster „A novel combination of dielectrophoresis and Raman spectroscopy
for the characterization and identification of bacteria directly in body fluids“.
Acknowledgements
Financial support of the BMBF via the Integrated Research and Treatment Center “Center for Sepsis Control and
Care” (FKZ 01EO1002) and the project “RamanCTC” (13N12685) is highly acknowledged. We thank Wolfgang
Pfister for providing the bacterial strains.

Figure 1: vancomycin sensitivity scores (model level 2) as a
function of the time of vancomycin exposure. After 30 min, both
strains show full reaction to vancomycin, but already after 60 min,
the resistant strain begins to recover. (Abbreviations: see text)

Figure 2: vancomycin sensitivity scores after 1
and 2 h of exposure allow differentiation between
sensitive strain and induced resistance as well as
negative controls (independent batches and days).
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A Novel Combination of Dielectrophoresis and Raman Spectroscopy for the
Characterization and Identification of Bacteria Directly in Body Fluids
U.-Ch. Schröder (1, 2), C. Assmann (2), A. Ramoji (2), U. Glaser (1, 2),
U. Hübner (1), S. Sachse (3), W. Pfister (3), W. Fritzsche (1), J. Popp (1, 2, 4),
U. Neugebauer (1, 2)
(1) Institute of Photonic Technology, Jena, Germany
(2) Center for Sepsis Control and Care, Jena University Hospital, Germany
(3) Institute of Medical Microbiology, Jena University Hospital, Germany
(4) Institute of Physical Chemistry and Abbe Center of Photonics, University Jena, Germany
A novel sensitive and rapid method based on dielectrophoresis and Raman spectroscopy is
presented, which is able to collect high quality Raman spectra from bacteria directly in dilute
suspensions. This method holds the potential to reduce diagnosis time in medicine by orders
of magnitude.
Dielectrophoresis is the translational movement of dielectric particles in a non-uniform
electric field and is used to collect and keep bacteria from dilute suspensions in well-defined
micro-sized regions. Micro-Raman spectroscopy then is used to analyze the molecular
signature of these captured bacteria. Finally multivariate statistical data analysis i.e. principal
component analysis and linear discriminant analysis are used to setup a robust statistical
model for the classification and identification of different species.
In a proof-of-principle study, the three pathogens Escherichia coli, Enterococcus faecalis and
Enterococcus faecium, which are commonly encountered in urinary tract infections, are
suspended in PBS buffer solution. Within a few minutes those bacteria are
dielectrophoretically captured, Raman spectroscopically characterized and identified.
Furthermore the method is applied to real world samples i.e. patient’s urine samples to
identify E. coli and E. faecalis within one hour. In contrast, standard microbiological
methods, which require time consuming cultivation steps, are taking at least 24 to 48 hours to
obtain the result.
Acknowledgement: We thank Claudia Beleites for support in statistical analysis, Jürgen
Kunert for CAD drawings and the financial support of the BMBF (FKZ 01EO1002) is highly
acknowledged.
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SERS Investigations of Isolated Nuclei
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Surface-enhanced Raman scattering has developed into a useful analytical tool to gain
chemical and structural information about cells. Noble metal nanoparticles are used as SERS
substrates to achieve high enhancement factors and high sensitivities. The spectral
information depends only on the immediate surroundings of the noble metal nanoparticles,
and is used to distinguish between different molecules in the cellular compartments and
extracellular molecules attached to the nanoparticle surface.[1-3]
On this poster, we present SERS spectra of isolated nuclei of mouse fibroblast cells. Normal
Raman signals of intact and non-dried nuclei are difficult to obtain. Because of the high
sensitivity of SERS we can obtain data of intact nuclei. In our poster we show that the quality
of the SERS signals depends strongly on the isolation conditions. Further, we will discuss the
spectra in comparison to SERS data from other cellular compartments. Our results have
implications for further studies regarding nuclear targeting with SERS labels and probes.
References:
[1] D. Drescher, P. Guttmann, T. Büchner, S. Werner, G. Laube, A. Hornemann, B. Tarek, G. Schneider, J.
Kneipp, Nanoscale, (2013), DOI: 10.1039/C3NR02129G.
[2] D. Drescher, J. Kneipp, Chem Soc Rev. 41, 5780-5799 (2012).
[3] D. Drescher, T. Büchner, J. Kneipp, Phys Chem Chem Phys. 15, 5364-5373 (2013).
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Infrared Study of Single Cells in Aqueous Media
Graeme Clemens, Caryn Hughes, Francis J Ball, Alex Henderson, Stephan
Mohr, Andrew Whiting, Stefan A. Przyborski, Gianfelice Cinque
and Peter Gardner
Manchester Institute of Biotechnology (MIB), Manchester University, Manchester,
131 Princess Street, M1 7DN, UK
Using FT-IR micro-spectroscopy, we are able to discriminate between pluripotent stem cells
and their differentiating derivatives based each cells spectral fingerprint. With a new
algorithm created using MATLAB, we are now able to accurately remove out the buffer
contribution (water/PBS contribution) from IR spectra recorded from fixed and live cells in an
aqueous environment. With accurate pure cell absorption spectra being produced from cells in
an aqueous environment, spectral analysis of live single cells is now possible, opening the
door for live stem cell screening using infrared microspectroscopy, in an environment close to
the in vivo conditions of the cells.
[1] G. Clemens, K. R. Flower, A. P. Henderson, A. Whiting, S. A. Przyborski, M. Jimenez-Hernandez, F. Ball,
P. Bassan, G. Cinque and P. Gardner, Molecular BioSystems 9, 677 (2013).
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Minimizing Contributions from Scattering in Infrared Spectra by Means of an
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Mid-infrared spectra of biological matter such as tissues, or microbial and eukaryotic
cells measured in a transmission-type optical setup frequently show strongly distorted line
shapes which arise from mixing of absorption and scattering contributions1,2,3. Scatteringassociated distorted line shapes may considerably complicate the analysis and interpretation
of the infrared spectra and large efforts have been made to understand the mechanisms of
scattering in biological matter and to compensate for spectral alterations caused by
scattering4,5. The goals of the present study were twofold: Firstly, to get a deeper
understanding of the physics of scattering of biological systems and to explore how physical
parameters of the scatterers such as shape, size and refractive index influence the line shape
distortions observed. In this context, simulations based on the full Mie scattering formalism
for spherical particles were found to be useful to explain the characteristics of the scatterassociated distortions and yielded a size criterion for the scatter particle similar to the wellknown near field criterion. The second objective of the study was to investigate whether
alternative optical setups allow to minimise the effects of scattering. For this purpose, an
optical system is proposed which is composed of an integrating sphere unit originally
designed for diffuse reflection measurements, an off-axis DLaTGS detector to collect
scattered and transmitted light components and a commercial Fourier transform infrared
(FTIR) spectrometer. In the context of this study transmission type (tt-) FTIR spectra and
spectra acquired by means of the integrating sphere setup (is-FTIR) were acquired from
monodispersed poly(methyl) methacrylate (PMMA) microspheres of systematically varying
size. The tt-FTIR spectral data of different PMMA particles confirmed earlier observations
such as the presence of size-dependent oscillating spectral baselines, peaks shifts, or
derivative-like spectral line shapes. Such effects could be dramatically minimised when isFTIR spectra were acquired by the integrating sphere unit. Utilisation of an integrating sphere
is suggested as a convenient and easy-to use alternative to computer-based methods of scatter
correction.
[1]
[2]
[3]
[4]
[5]

M. Miljković, B. Bird and M. Diem, Analyst 137, 3954-64 (2012).
B. Mohlenhoff, M. Romeo, M. Diem and B.R. Wood Biophys J. 88, 3635-40 (2005).
M. Romeo and M. Diem, Vib. Spectrosc. 38, 129–132 (2005).
P. Bassan, H.J. Byrne, F. Bonnier, J. Lee, P. Dumas and P. Gardner, Analyst 134, 1586-1593 (2009).
Bassan P, Kohler A, Martens H, Lee J, Byrne HJ, Dumas P, Gazi E, Brown M, Clarke N and Gardner P.
Analyst 135, 268-277 (2010).
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Subcellular Imaging of an Estrogen Derivative Using a Single Core
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There are nowadays many non-invasive techniques for cellular detection of tagged
molecules and fluorescent tags are widely developed. Vibrational spectroscopies are attractive
for bio- imaging in the case of vibrational excitations in the IR, where no photo-bleaching is
induced. IR-probes or tags have been reported in the literature and they are mostly metalcarbonyl units that show many advantages (stability in the biological environment, intense
absorption in the 1800–2200 cm-1 range which is the transparent IR window of biological
media)1. The smaller the probe, the less modified the physico-chemical properties of the
molecule and its location in biological tissues will be. This is why small IR-tags are attractive.
Interestingly metal-carbonyl bearing specific ancillary ligands are known to be luminescent.
Coupling IR and luminescence detection using metal-carbonyl can then be envisioned.
Indeed, the team of our coworker C. Policar and al. has recently developed the concept of
single core multimodal probe for imaging2– SCoMPI – which corresponds to a unique
organo-metallic complex showing complementary spectroscopic properties to achieve
multimodal imaging in cells.
Here we will describe the investigation of the cellular location of an estrogen derivative
conjugated with a metal-CO SCoMPI using correlative spectro-imaging and show the
relevance of this multimodal probe to explore the cellular distribution of mestranol in MCF-7
and MDA-MB-231 breast cancer cells through a correlative imaging approach.
Luminescence studies were performed using wide field and confocal fluorescent
microscopies. Vibrational imaging was performed using cutting-edge near-field technique
AFMIR3-4 . These techniques were applied to track the complex mestranol+SCoMPI in fixed
MCF-7 and/or MDA-MB-231 cells. All the mappings were consistent with one another and in
agreement with colocalization of the complex mestranol+SCoMPI with the Golgi apparatus.
References:
[1] C.Policar, J. B.Waern, M.A.Plamont, S.Clède, C.Mayet, R.Prazeres, J-M.Ortega, A.Vessières, and
A.Dazzi, Angewandte Chemie 123 (4), 890–894, (2011).
[2] Sylvain Clède, François Lambert, Christophe Sandt, Slavka Kascakova, Miriam Unger, Etienne Harté,
Marie-Aude Plamont, Ré́nette Saint-Fort, Ariane Deniset-Besseau, Zoher Gueroui, Carol Hirschmugl,
Sophie Lecomte, Alexandre Dazzi, Anne Vessières and Clotilde Policar, Analyst 138, 5627 (2013).
[3] Alexandre Dazzi, Craig B. Prater, Qichi Hu, D. Bruce Chase, John F. Rabolt, and Curtis Marcott, Applied
Spectroscopy 66 (12), 1365-1384 (2012).
[4] Céline Mayet, Ariane Deniset-Besseau, Rui Prazeres, Jean-Michel Ortega, Alexandre Dazzi, Biotechnology
Advances 31 (3), 369–374 (2013).
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FTIR Spectral Signature of Anticancer Drugs Effect on PC-3 Prostate Cancer
Cells: Is there any Influence of the Cell Cycle?
A. Derenne, A. Mignolet and E. Goormaghtigh
Laboratory for the Structure and Function of Biological Membranes, Center for Structural
Biology and Bioinformatics, Université Libre de Bruxelles
FTIR spectroscopy was recently demonstrated to be a useful tool to obtain a unique
fingerprint of several anticancer drugs. While cell responses to anticancer drug are related to
their “mode of action”, it is obvious that some of the drugs used in these previous studies
affect the cell cycle. For example, antimicrotubules disable the mitotic apparatus by
disrupting the formation or the depolymerisation of microtubules. Cells are thus mostly
blocked in the G2/M phase. On the other hand, it has been suggested that the changes
observed in the cell spectra due to treatments could be related to the cell cycle. The aim of the
present study is to examine this hypothesis and to investigate whether spectral variations
induced by a treatment reflect the cell cycle behaviour or the metabolic perturbations induced
by the drug. To answer this question, a method was developed that allows an unambiguous
identification of the cell cycle phase for each individual cell. This method is based on the
superimposition of three types of images: visible, infrared and propidium iodide fluorescence
images. Propidium iodide intercalates the bases of the DNA. As the DNA amount in a cell is
correlated with the cell cycle phase, the exact phase of each individual cell could be
identified. On IR images, mean spectra corresponding to single cells were calculated and
associated with the cycle stage defined using fluorescence images. Statistical analyses were
applied on these IR spectra, first in order to compare spectra of cells from different stage of
the cycle and second, to investigate to what extent the modifications related to the cell cycle
contribute to the spectral variations due to paclitaxel treatment. Results demonstrate that the
FTIR cell cycle signature is very small with respect to the changes induced by the paclitaxel.
References
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Understanding the interaction of nanomaterials with living organisms has gained much
interest, especially in the context of nanosafety and nanomedicine. Gold and silver
nanoparticles represent an interesting system, as they are used, e.g., as surface-enhanced
Raman scattering (SERS) substrates and drug-carriers in cells and have been characterized
thoroughly regarding their cytotoxic and plasmonic properties.
To further elucidate the interactions of gold and silver nanoparticles with biomolecules and
cells, a combination of SERS with laser ablation inductively coupled plasma mass
spectrometry (LA-ICP-MS) and 3D cryo-soft-X-ray tomography (cryo-SXT) is applied.
SERS enables the spatially resolved investigation of the cellular uptake and transport
mechanism of the nanoparticles and provides chemical information about their surface
composition inside the cells [1, 2]. The 3D-distribution of the metal nanoparticles with respect
to the cellular ultrastructure and the aggregate morphology are investigated by cryo-SXT
using synchrotron radiation [2]. On our poster, SERS and nanotomography data are discussed
in relation to particle number per cell. The quantification of gold and silver nanoparticles at
the single-cell level is accomplished by the use of LA-ICP-MS [3]. By combination of these
complimentary methods we are able to get insight into the biological reaction pathways of
nanoparticles in living cells. Our findings also have implications for understanding other
nanomaterials in the biological context and improve our knowledge of particle-protein and
particle-cell interactions.
References:
[1] D. Drescher, J. Kneipp, Chem. Soc. Rev. 41, 5780-5799 (2012).
[2] D. Drescher, P. Guttmann, T. Büchner, S. Werner, G. Laube, A. Hornemann, B. Tarek, G. Schneider,
J. Kneipp, Nanoscale, 2013, DOI: 10.1039/C3NR02129G.
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Senescence is a biological process of aging, which is associated with changes in molecular
and cellular structures. Internal and external influences affect dominant specific protein
interactions and cellular pathways. Thus, cells might participate in biologically complex
processes with opposing effects. These are ageing, self-destruction (apoptosis), tissue repair
and tumor suppression or promotion [1]. Both organ and cellular senescence can occur. In
normal cultured diploid cells, the process of cellular senescence is marked by a finite number
of proliferations [2]. Normally, cells stop proliferating after about 55-80 cell divisions
(counted in population doublings; also known as ‘cellular or replicative senescence’ or
‘Hayflick limit`). Remaining senescent cells are metabolically active displaying specific
phenotypes. Typical morphological changes combined with cellular senescence include:
increased cell size [3] associated with changes in cytoskeleton, or shortening of telomeres.
Detection and identification of senescent cells in vitro and in vivo are based on a few
biomarkers. Diagnostically important senescence markers in human fibroblasts include
induction of senescence-associated β-galactosidase [4] or secretion of cytokines IL6 and IL8
[5]. Since none of these markers by itself can reproducibly report the senescent state, it is
necessary to identify further - more reliable - identification methods. BJ cells (primary human
fibroblast cells from the foreskin of a newborn male with a healthy status) were maintained in
culture until they reached senescence. At certain time points, cells were fixed on Calcium
fluoride cover slips. From these fixed cells, Raman micro-spectroscopic images were
generated. The obtained maps were subjected to cluster analysis, and the information of the
pseudo-color cluster images was used for further studies. Compared spectra from
young/proliferating and senescent cells demonstrated that Raman spectroscopic imaging
might be an efficient tool in identification of the senescent state in single cell analysis.
This research was provided by grants of the Carl-Zeiss-Stiftung.
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Label-free Imaging of Subcellular Organelles and Distribution of Molecular
Targeted Agent in Cancer Cells
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Spontaneous Raman and coherent anti-Stokes Raman scattering (CARS) are emerging
biophotonics tools for label-free imaging of cells and tissues. Here, we have applied a
combination of CARS, immunofluorescence, hierarchical cluster analysis (HCA), and random
forest in an attempt towards automatic label-free annotation of subcellular organelles of MIA
PaCa-2 pancreatic cancer cells. HCA of the CARS spectral data sets were performed and
index colour images were obtained. These images were identified by comparison with
immunofluorescence staining. With these data a supervised algorithm based on random forest
as a classifier, was trained and used to automatically annotate the subcellular organelles such
as nucleus, lipid droplets, endoplasmic reticulum, and Golgi apparatus.
Furthermore, we have shown the distribution of a molecular targeted agent erlotinib in
colon cancer cells by Raman microscopy, where erlotinib is an epidermal growth factor
receptor inhibitor. Raman results indicated that erlotinib has strong C≡C stretching vibration,
which is located in a Raman silent region of cells. Thus, it can be used as a label-free marker
band for erlotinib. In addition, the Raman results indicated that the drug is metabolized to
desmethyl-erlotinib in cells.
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Physiological Properties of Phytoplankton Cells Investigated by Chemometric
Analysis of FTIR-Spectra
Andrea Fanesi, Heiko Wagner and Christian Wilhelm
University of Leipzig, Institute of Biology, Department of Plant Physiology,
Johannisallee 21-23, 04103 Leipzig, Germany
Fourier Transform infrared (FTIR) spectroscopy has been proven to be a useful analytical
method in the field of algal physiology. Indeed, quantitative/qualitative changes of the organic
compounds (i.e. lipids, proteins and carbohydrates) that make up algal cells can be rapidly
assessed [1].
Recently has been demonstrated that FTIR-spectra of whole cells contain information related
not only to cellular organic compounds, but they can be used by means of multivariate
analysis also to model and characterize cell properties like growth rate [2]. In the process of
modelling, chemometric analysis like Partial Least Square (PLS) regression play a central role
providing useful statistical tools like regression coefficients, component loadings and VIP
scores. These can be used for model interpretation, that in physiological terms means to
extract information regarding the organic composition of the cells in relation to cell properties
(like the growth rate) or to different growing conditions.
In a previous study we modelled the growth rate of phytoplankton algae growing under
different nutrient and irradiance conditions on the base of their FTIR-spectra via PLSregression. In order to further characterize FTIR-spectra dependence on abiotic factors, we
cultivated four freshwater algal species (Cyanobacteria and Chlorophyta) over a temperature
range between 7 and 35°C. PLS-regression was applied to investigate spectral changes related
to the growth temperature. The modelling process has been improved by using the Extended
Multiplicative Scatter Correction (EMSC) described in [3] as a pre-processing method. The
model interpretation has been simplified by “filtering” the data-set through the Orthogonal
Projections to Latent Structures (O-PLS) [4]. That allows to remove all the systematic
variations present in the descriptor variables (FTIR-spectra) that are not correlated with the
response variable (i.e. growth rate).
We will show that the O-PLS algorithm is able to lead to a sole component model by
maintaining almost the same predictive ability as the un-filtered model. Furthermore, the
models will be discussed in terms of the physiological information that they can provide.
References
[1] H. Wagner, Z. Liu, U. Langner, K. Stehfest, C. Wilhelm, Journal of biophotonics 3(8-9), 557-566 (2010).
[2] C. Jebsen, A. Norici, H. Wagner, M. Palmucci, M. Giordano, C. Wilhelm, Physiologia Plantarum 146(4),
427-438 (2012).
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Metastasis is the most common cause of cancer-related death in patients with malignant
tumors. Blood circulating tumor cells have been recognized as a possible way to contribute to
development of metastases. The detection of the circulating tumor cells directly from the
blood is also highly interesting for diagnosis and monitoring of the therapy. Advantage of
using blood include that the sampling procedure is less invasive that taking biopsies. A
challenge is the low number of tumor cells (typically few per 109 blood cells) [1]. We initiated
a research program to discriminate tumor cells by Raman spectroscopy. Labels for surface
enhanced Raman spectroscopy (SERS) can be applied to improve the sensitivity, specificity
and throughput of a Raman based cell identification and Raman activated cell sorting.
Compared with widely applied fluorescence dyes, SERS labels offer similar sensitivity with
increased stability and multiplex capability due to narrow band widths.
A protocol was recently described to prepare “Multicore-SERS-Labels” (MSL) [2]. First step
was controlled aggregation of 60 nm gold nanoparticles. The aggregated particles give higher
enhancement factors at 785 nm excitation and show lower cytotoxicity. A monolayer of a
reporter dye was adsorbed that provide a fingerprint like spectral signature. Polymer coating
and a protective shell made of silica improve the stability of MSL. SERS spectra could be
collected with few milliseconds exposure time at few milliwatt laser excitation intensity.
A marker for MCF7 cancer cells is EpCAM antigen. Therefore, MSL are conjugated with anti
EpCAM antibodies for specific targeting cancer cells and for future capturing CTCs. The
binding of functionalized MSL to cancer cells is demonstrated by dark field images and
Raman imaging. As negative control cells without EpCAM antigen were subjected to the
functionalized MSL. In the future, multiplex capability can be realized by MSL with further
antibodies (e.g. against the cancer proteins EGFR or HER2 as antigens [3] and different SERS
labels.
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The Application of Raman Spectroscopy in the Investigation of the Changes
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Histology is routinely used in medicine for disease diagnosis. However, it involves poorly
defined chemical procedures that were largely established in the early 20th Century [1]. For
example, formaldehyde fixation is a routine step in histology for preserving excised tissues.
Its protein cross-linking chemistry has only recently begun to be clarified by mass
spectrometry [2]. Over/under-fixation has often hampered diagnosis [3-4], resulting in delays
in diagnosis, psychological burden on the patients, and financial impacts on our healthcare
system. Improving the understanding of formaldehyde fixation and optimising this crucial
process will lead to improvement in histological section preparation.
Raman spectroscopy is a vibrational spectroscopic technique used to provide chemically rich
information about the composition of analytes, and has proven to be a powerful tool for
biological studies. This study was conducted to investigate the feasibility of using Raman
spectroscopy to evaluate of the effects of varied fixation on rat liver tissue.
Rat liver biopsies were fixed for 0.5 hrs, 24 hrs and 65 hours, and were immediately
processed using techniques resembling routine clinical histological laboratory practice. The
resultant blocks were cut, mounted onto slides, de-waxed with xylene, and analysed by
Raman microscopy. An inVia Raman microscope (Renishaw, UK) coupled to a 532 nm laser
source was employed. StreamLineTM imaging and principal components were applied for data
collection and analysis.
It was found that the spectra obtained from the samples fixed for 0.5 hours differed greatly
from the spectra obtained from those fixed for 24 and 65 hours. A transition from relative
lipid to protein dominance was one of the notable features as well as an overall reduction in
signal intensity and spectral changes in the amide I bands, signifying protein secondary
structural changes caused by fixation. It also became apparent that longer fixation time
appears to fragment the DNA when compared against 0.5 hours of fixation. We conclude that
additional protein structural information may well be available and preserved with fixed
tissues. The information was hitherto not provided by mass spectrometry.
1. C. H. Fox, F. B. Johnson, J. Whiting and P. P. Roller, J Histochem Cytochem 33(8), 845–853 (1985).
2. B. W. Sutherland, J. Toews, J. Kast, J Mass Spectrom 43(6), 699–715, (2008).
3. K. B. Engel and H. M. Moore, Arch Pathol Lab Med. 135(5), 537-43 (2011).
4. T. Y. Leong, K. Cooper and A. S. Leong, Adv Anat Pathol. 17(6), 404-18 (2010).
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Background Inspite of numerous advances in omics research, robust diagnosis of ovarian
cancer with blood based analysis remains a challenge. A novel metabolomic approach is to
use biospectroscopy of blood plasma or serum, which carries the potential to characterise
biomolecular alterations of the diseased states [1,2]. Raman and attenuated total reflection
Fourier transform infrared (ATR-FTIR) spectroscopy with multivartiate analysis is used to
identify the spectral biomarkers and classification methods were used to ascertain class
accuracy.
Methods Blood samples were obtained from ovarian cancers (n=30) and controls (n=30)
following which plasma and serum were isolated using standardized procedures. To obtain
Infrared spectra, serum and plasma samples were mounted on low-e glass slides and were
interrogated with ATR-FTIR spectroscopy. Raman spectra were obtained after mounting
blood plasma (n=8) on aluminium stubs, drying and analyzing with InVia Renishaw Raman
spectrometer (Renishaw PLC, UK).
The spectra were processed using MATLAB R2010a software with the IRootLab
toolbox (http://irootlab.googlecode.com). For the analysis of Raman spectra of ovarian cancer
vs. non-cancer controls (n=400), we applied principle component analysis followed by linear
discriminant analysis. For ATR spectra (n=2,400) linear discrimination analysis was used.
The support vector machine classifier was employed to obtain classification accuracy rate
(average between sensitivity and specificity).
Results Statistically significant difference was observed between spectra of ovarian cancer
versus control for Raman and ATR-FTIR spectroscopy (p<0.001). Support vector machine
classifier showed classification accuracy of 74 % for Raman spectra while the accuracy was
93.3 % IR spectra of blood plasma. The spectral biomarkers responsible for segregation were
vibrations of proteins, lipids and DNA.
Conclusions This proof of concept study provides evidence in support of ATR-FTIR
spectroscopy of blood plasma/serum for accurate diagnosis of ovarian cancer.
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Objectives
Inter and intra observer variability in assessment of cervical cytology leads to discordance
between categorised samples and histology. Biospectroscopy methods have been suggested as
sensor-based tools to deliver objective assessments [1]. Categorisation of biological samples
based on imperfect conventional screening can reduce the apparent diagnostic accuracy of
biospectroscopy [2]. The aim of this study is to analyse the infrared spectra of cytology
samples derived using biospectroscopy and compare the accuracy of biospectroscopy vs.
conventional cytology to identify true atypia in light of the corresponding histology.
Methods
Within a typical clinical setting a total of n=322 cervical cytology specimens were collected
immediately before biopsy (n=154). Cytology specimens were categorised according to
conventional screening methods and subsequently interrogated employing attenuated total
reflection Fourier-transform infrared (ATR-FTIR) spectroscopy with multivariate analysis.
Results
Based on the categorisation derived from conventional screening, infrared (IR) spectroscopy
derived from cervical cytology does not appear to discriminate in a diagnostic fashion. Scores
plots of IR spectra exhibit marked cross-over of spectral points between different categories.
However, when histology based analysis was conducted, conventional screening was deeply
flawed. By imposing the histology findings on the biospectroscopy analyses, ATR-FTIR
spectroscopy was found to identify underlying disease missed by conventional screening.
Conclusions
Histology demonstrates that ATR-FTIR spectroscopy of LBC specimens identifies the
presence of underlying atypia or disease missed in conventional cytology screening. This
study points to an urgent need for a future biospectroscopy study where categories are based
on such histology. It will allow for the validation of this approach as a novel screening tool.
References:
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Background: During surgery for removal of a brain tumour, it is very important to remove
the diseased tissue in its entirety to prevent recurrence whilst minimizing damage to normal
adjacent tissue. Fourier-transform infrared (FTIR) and Raman spectroscopy has shown
promise as a non-invasive approach with diagnostic potential in cancer detection.
Aim: To determine whether IR and/or Raman spectroscopy combined with multivariate
analysis could be applied to discriminate between normal and various grades of brain
tumours.
Methods: With appropriate ethical approval, 52 paraffin-embedded (FFPE) tissue blocks
were obtained. Thin cut sections were mounted on low-E IR reflective slides or on glass slides
(H&E-stained tissue) and dewaxed. IR spectra were acquired using a Bruker Tensor 27 FTIR
spectrometer or Raman spectra with an InVia Renishaw Raman spectrometer. Towards
analyzing the data, principal component analysis (PCA) and/or linear discriminant analysis
(LDA) was used. Immunohistochemical analysis was carried out for IDH1 and P53 on glioma
samples in order to correlate these conventional markers of disease with novel spectral
biomarkers.
Results: Clear segregation was observed between normal and various grades of brain
tumours. In derived PCA-LDA scores plots, marked within-category variation (i.e.,
heterogeneity) was noted; even so, excellent discrimination between different grades of
glioma was also observed (i.e., towards between-category discriminating biomarkers).
Spectral biomarkers appeared to be more robust towards identifying aberrant tissue than
immunohistochemical markers. Using linear discriminant classifier, following diagnostic
accuracy of 96 % diagnostic for normal brain, 93 % for glioblastoma and 93.3 % for
astrocytomas were obtained for IR spectra.
Conclusions: This exploratory study indicates that IR and/or Raman spectroscopy coupled
with multivariate analysis may provide a novel diagnostic approach especially towards
identifying tumour margins has the potential to be used to differentiate brain tumours.
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Hepatocytes and hepatic stellate cells (HSCs) are two cell types in the liver which play an important
role in the course of liver fibrosis. The cell-cell interactions which lead to the morphological and
functional changes are only incompletely understood. Elucidation of those interactions requires a
method suited for investigations in a multi-cell environment.
Raman spectroscopy holds the potential to observe physiological changes in single cells in complex
surrounding. However, reliable Raman-based identification of a cell type requires deep knowledge of
the vibrational signature of the cells of interest. HSCs need special attention since they undergo
dramatic phenotype alterations once they change from their quiescent to the activated state. Activation
of the HSC is observable in the course of fibrosis but also during prolonged cell culture.
Accompanying changes are expected to be reflected in the Raman spectra.
Against this background, Raman spectroscopy was utilized to characterize primary HSCs and
hepatocytes obtained from mouse liver. Raman maps of formalin-fixed cells were acquired at different
time points ranging from 0 to 14 days after isolation to study activation-related changes in HSC
spectra. HSC activation state was confirmed by immunofluorescence labeling after Raman
measurements. First experiments were carried out to identify HSCs in fresh mm-slices from mouse
liver.
An upright micro-Raman setup (CRM 300, Witec) was used for spectra acquisition. A 532 nm
Nd:YAG laser served to probe fixed cells, a 785 nm laser diode for excitation within living samples.
Raw spectra received a pre-treatment containing spike removal, noise reduction, baseline subtraction
and normalization. Vertex component analysis followed to derive compartment-connected information
from fixed single cells. Lipid droplets, nucleus and cytoplasm could be visualized. Differing Raman
spectroscopic characteristics of HSCs and hepatocytes were found. Especially, spectra obtained from
quiescent HSCs contain a retinol signature which is not present in hepatocytes. Upon activation, the
retinol content in HSCs decreases until no retinol could be detected in remaining lipid droplets any
more. Cultured HSCs and hepatocytes could be successfully distinguished based on the Raman spectra
belonging to nucleus or lipid droplets by principal component analysis. In fresh tissue slices HSCs
could be delineated against their surrounding by their spectral retinol signature.
Future work will be focused on stimulation-triggered overall biochemical changes in the course of
HSC hepatocyte interaction.
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Disease- and drug-related bone disorders are rapidly increasing in the population. It is previously
reported that anti-epileptic drugs (AEDs) may cause osteopenia, osteoporosis, and fractures in epilepsy
patients [1]. However, it cannot be determined whether the bone disorders in epileptic patients are due
to AED therapy and/or to epilepsy and epileptic seizures. The current study provides the first report on
determination of the possible effects of epilepsy and epileptic seizures on bone tissues including intrabone variatons. The experiments performed on genetically epileptic and healthy rats, give the
advantage of studying the effects of epileptic seizures alone without interfering with anti-epileptic
drugs. Spine tissues were investigated by synchrotron-Fourier Transform Infrared microspectroscopy
(SR-FTIRM) to get information about the site-specific effects of seizures on cortical part of spines. An
advantage of SR-FTIRM for bone research is enabling the collection of data in also between 700-400
cm-1 infrared range. In this range, the ѵ 4 PO43- band (500-650 cm-1) gives more accurate data for
mineral properties including crystallinity, since this band is affected from other absorptions less than
the ѵ 1 ,ѵ 3PO43- band (1200-900 cm-1) [2]. High spatial resolution of SR-FTIRM provides to study
intra-bone variations by enabling investigation of the changes in the small and/or heterogeneous parts
of bone tissues more accurately. Intra-bone variations can give valuable results about the cause of the
disorder on bone [3]. According to SR-FTIRM studies, mineral content was found to be decreased in
epileptic group compared to the healthy control. Although total carbonate content was found to be
decreased, B-type carbonate content which substitutes for phosphate groups in the mineral part of
bone, was shown to be increased in epileptic group compared to the control in all parts of cortical
bones. In addition, relative amount of nonreducible (mature) to reducible (immature) types of crosslinks, was found to be changed critically in epileptic group, indicating an increase in immature
crosslinks in the bones of that group. Furthermore, crystallinity value indicating crystal size was found
to be increased in epileptic group compared to the healthy control which was due to the effect of
epilepsy and epileptic seizures on bones. In conclusion; epilepsy and epileptic seizures caused a
decrease in the strength of bone without any anti-epileptic treatment. The most affected cortical parts
in spines, were mid-cortical and endosteum (inner cortical membrane) according to SR-FTIR studies.
This result may point to an alteration in the osteoclastic endosteal bone resorption [3] due to epilepsy
and drug treatment.
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The widespread use of in-vitro fertilization (IVF) procedures has made ovarian granulosa
cells more accessible to research. They surround the oocyte, establishing during oogenesis a
bidirectional communication via paracrine factors. This exchange of information has a key
role in folliculo genesis and is essential for an oocyte to gain competence to sustain
fertilization and embryogenesis.1 Even if these cells have already been morphologically,
immunohistochemically and biochemically assessed, little is known about processes
generating a developmentally competent oocyte. The expression levels of some genes in the
granulosa cells can be used as markers for oocyte quality.2 The aim of the present study is to
analyse these cells by using FPA FT-IR Imaging Spectroscopy, in order to identify specific
spectral markers related to these processes.3 A consistent number of granulosa cells, achieved
from idiopathic (n. 5 samples) and endometriotic (n. 7 samples) patients, was deposed on
silicon supports for IR transmission analysis. For all the samples, the microphotographs were
obtained, on which the chemical maps were acquired. All the spectral data were submitted to
multivariate analysis, affording for each cluster to a representative spectrum. The vibrational
analysis evidenced different spectral profiles for the two experimental groups, above all in the
proteic pattern, in carbohydrate content and in nucleic acids composition.
[1] Matzuk MM, Burns KH, Viveiros MM, Eppig JJ., Science 96, 178 (2002).
[2] McKenzie LJ, Pangas SA, Carson SA, Kovanci E, et al., Hum Reprod 19, 2869 (2004).
[3] Carnevali O, Conti C, Ferraris P, Garavaglia MG, Gioacchini G, Giorgini E, Rubini C, Sabbatini S, Tosi G.,
J Mol Struct 938, 207 (2009).
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Colon cancer is the fourth most common cause of death from cancer in the world and it is
commonly seen inboth men and women. It has been proposed that the pathogenesis of this
cancer is related to loss of differentiation ability of colon epithelial cells. Although many
molecular and biochemical studies have been performed to understand the loss of
differentiation mechanisms in the formation of colon cancer cells, the global mechanisms in
terms of macromolecular structural and contextual alterations in these processes has not been
clearly clarified yet. The purpose of this study is to quantitatively determine sodium butyrate
(NaB)-induced structural and functional alterations in the molecules of colon cancer cell
viaFourier Transform Infrared (FTIR) microspectroscopy and using image analysis
techniques. In the current study, NaB was used to differentiate colon cancer cells. Therefore,
3mM NaB was applied to CaCo-2 cells and these cells were then cultured for 48h. The
quantitative contextual alterations in the control (non-differentiated) and NaB-treated
(differentiated) cells were obtained from the spectral and quantitative image analysis of
chemical maps of the studied groups. Total absorbance maps were used to segment the cells
in our study where watershed segmentation method is employed to identify the cells within
the images. Within each cell, we then determined the average nucleic acid, protein, lipid, and
total absorbance densities. Small size cells are not included in our analysis to eliminate
contributions from underdeveloped cells. Both methods indicated a decrease in protein and
nucleic acid content and an increase in the triglyceride, saturated and unsaturated lipid
concentrations of the differentiated CaCo-2 cells. Moreover, an increase in membrane fluidity
was observed in the treated cells. Computational and spectrochemical analysis confirmed that
the significant variations in the structure and function of biomolecules occur in the loss
differentiation of colon epithelial cells during colon cancer cell formation.
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Current evaluation of histological sections of breast cancer samples remains unsatisfactory.
The search for new predictive and prognostic factors is ongoing. Infrared spectroscopy and its
potential to probe tissues and cells at the molecular level without requirement for contrast
agents could be an attractive tool for clinical and diagnostic analysis of breast cancer. In this
study, we report the successful application of FTIR (Fourier transform infrared) imaging for
breast tissue component characterization. We show that specific FTIR spectral signatures can
be assigned to the major tissue components of breast tumor samples.
Breast cancer formalin-fixed paraffin-embedded samples (FFPE) from 50 patients were
provided from the tumor tissue bank of the Jules Bordet Institut (Brussels, Belgium). Eleven
additional FFPE breast cancer samples were considered for the independent validation of the
tissue component classifier. To refine our descriptionof the immune and stromal responses,
seven lymph nodes and three tonsils as well as seven scars from mastectomy biopsied tissue
samples, one cutaneous scar and four biopsies chosen for their extracellular matrix
characteristic of scar remodelling were analyzed. Tissue Microarray (TMA) including four
Grade I and eight Grade III invasive breast carcinomas was built.
We demonstrate that a tissue component classifier can be built based on a spectral database of
well-annotated tissues and successfully validated on independent breast samples. We also
demonstrate that spectral features can reveal subtle differences within a tissue component,
capturing for instance lymphocytic and stromal activation. By investigating in parallel lymph
nodes, tonsils and wound healing tissues, we prove the uniqueness of the signature of both
lymphocytic infiltrate and tumor microenvironment in breast disease context. Finally, we
demonstrate that the biochemical information reflected in the epithelial spectra might be
clinically relevant for grading purpose, suggesting a potential to improve breast cancer
management in the future.
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The Raman scattering of molecules which are adsorbed to plasmonic nanostructures is
enhanced by several orders of magnitude because of the high local electromagnetic field in
the proximity of the nanostructures. In surface-enhanced Raman-scattering (SERS), silver or
gold nanoparticles are often used in suspensions. Diffusion and aggregation of these
nanoparticles, however, lead to constraints in the reproducibility of the spectra, which is not
beneficial in analytical applications. Nanoparticles which are immobilized on glass surfaces
by organosilanes show homogeneous SERS enhancement at the microscopic level which
gives the possibility to use SERS as a tool for the quantification of analytes.[1]
In order to investigate the potential of SERS microscopic imaging, we have created
macroscopically defined regions, containing different analyte molecules, on two-dimensional
arrays of immobilized silver nanoparticles and analyzed the microscopic distribution of
different molecular species in mapping experiments. The obtained surfaces serve as a model
system for the evaluation of SERS spectra from microstructured samples. Furthermore, the
spatially resolved spectral information can give insights into the interaction of analyte
mixtures with immobilized nanoparticles.
We acknowledge funding by ERC starting grant No. 259432 (MULTIBIOPHOT).
[1] V. Joseph, M. Gensler, S. Seifert, U. Gernert, J. P. Rabe, J. Kneipp, J. Phys. Chem. C 116, 6859-6865 (2012).
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Gliomas are the most frequent primary brain tumours in adults, with these intracranial
neoplasms accounting for 70% of adult malignant brain tumours [1]. Confirmatory diagnosis
occurs by staining tumour sections and identifying microscopic features characteristic of a
disease state. The current methodology is subjective, and may require the patient to undergo
unnecessary surgery.
Spectroscopy is the study of the absorption and emission of light. Raman and ATR-FTIR
(Attenuated Total Reflectance Fourier Transform Infrared) spectroscopy are rapid, costeffective and analytical techniques and require little or no sample preparation or use of
chemicals. A recent study has shown the potential of ATR-FTIR spectroscopy for the analysis
of serum to discriminate between myocardial infarction and other chest pain, thus providing a
rapid and effective screening tool [2].
We report the use ATR-FTIR spectroscopy combined with a Radial Based Function Support
Vector Machine (RBF-SVM) as a rapid screening tool for the diagnosis of gliomas using
high-grade (e.g. Glioblastoma multiforme), low-grade (e.g. oligoendroglioma) and noncancerous control serum samples and filtrate aliquots of these serum samples to remove
components above a specific molecular weight (100 kDa, 10 kDa and 3 kDa).
Results obtained from the use of whole serum ATR-FTIR combined with RBF-SVM
produced sensitivities and specificities of 93.75 and 96.53 % respectively. As yet, whole
serum ATR-FTIR data achieved greater sensitivities and specificities compared to their
filtrate aliquot samples.
This research will assess the use of ATR-FTIR spectroscopy as a rapid screening tool for the
diagnosis of gliomas using serum samples to provide a rapid, cost-effective and simple
diagnosis with high specificity and sensitivity.
[1] P. Y. Wen, S. Kesari. N Eng J Med. 359, 492-507 (2008).
[2] W. Petrich, K. B. Lewandrowski, J. B. Muhlestein, M. E. H. Hammond, J. L. Januzzi, E. L. Lewandrowski,
R. R. Pearson, B. Dolenko, J. Früh, M. Haass, M. M. Hirschl, W. Köhler, R. Mischler, J. Möcks, J. Ordóñez–
Llanos, O. Quarder, R. Somorjai, A. Staib, C. Sylvén, G. Werner, R. Zerback. Analyst. 134, 1092-1098 (2009).
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Repair Using FT-IR spectroscopy
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The successful treatment of cartilage damage and lesions is still a major challenge
despite many approaches being utilised including microfracture, autologous chondrocyte
implantations, osteochondral autograft transfer and osteochondral allografting. Cartilage
tissue engineering using naturally derived extracellular matrix (ECM) materials such as
urinary bladder matrix (UBM) and small intestine submucosa (SIS) have potential. This is due
to the fact that they have the capability to be actively remodelled by cells and contain
essential growth factors such as transforming growth factor-beta1 (TGF-β1). This study
investigates the 3D culture of chondrocytes in multi-layered sandwich models of UBM, SIS
and synthetic based electrospun poly(L-lactic acid) (PLLA) for tissue engineered cartilage.
The PLLA scaffolds were fabricated by dissolving PLLA in HFIP at 8% w/v overnight
and electrospun to generate randomly oriented fiber scaffolds (1 µm diameter). SIS and UBM
materials were fabricated through a decellurisation process, resulting in removal of all the
cellular components. The average thickness of all the scaffold was ~100 µm. Five individual
scaffold layers were seeded with bovine chondrocytes (200K cells/layer), assembled into
multi-layered scaffolds, and cultured for 4 weeks with and without TGF-β1 supplementation,
to produce structurally bonded scaffolds of SIS, UBM and PLLA.
Characterisation of UBM, SIS and PLLA scaffolds sections was carried out using
hyperspectral maps, collected using a Perkin Elmer AutoImage microscope connected to a
Perkin Elmer Spectrum 100 FT-IR system. The sections were embedded in OCT and
cryosections were cut and placed on MgF2 slides for imaging. Spectra were collected using 10
integrations in the spectral region 1000-4000cm-1 and a spatial resolution of 20 µm. The maps
were analysed using N-FINDR spectral unmixing and in each case found regions
corresponding to the ECM and the scaffold. Spectra characterizing was compared using
PLS-DA.
The findings identified differences in collagen content across the scaffold types. Also
shown were significant changes in DNA/RNA and GAG content with and without TGF-β1
addition. Higher levels of DNA/RNA, Collagen and GAG were found in the UBM and SIS
samples which may indicate that they have greater cartilage tissue engineering potential.
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Comparison of FTIR-imaging Measurements of Native Colon Tissue
Prepared by Cryo-microtoming Using Transmission and Transflection
Techniques.
H.M. Heise, C. Küpper, F. Großerüschkamp, L. Mavarani and K. Gerwert
Protein Research Unit Ruhr within Europe (PURE), Ruhr-University Bochum, Department of
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Recently, we reported on the infrared spectral histopathology of colon cancer tissue sections
[1]. There have been several reports on differences of transmission and reflection
measurements of cells and tissues dealing with “spectral abnormalities” as experienced from
Fresnel reflection at layered interfaces, from scattering and from electrical field strength
observed for tissues on IR-transparent or metallic reflective substrates [2-5]. In several papers,
models and algorithms for correction of dispersive and Mie-scattering effects and
normalisation have been presented, e.g. [6]. For explaining Fresnel reflection effects a clear
interface must exist; however, our tissue slices prepared by cryo-microtoming show
significant roughness after drying, so that also scattering at the interface tissue / air must be
taken into account with scatter directed into a greater solid angle, so that the Fresnel reflection
contribution is less than found with well-defined mirror-like interfaces.
Microtomed cryo-colon samples were prepared on CaF2 or Kevley slides and dried at room
temperature under dry air atmosphere to obtain water-free samples. The thickness and surface
roughness of the prepared tissue layers was investigated by atomic force microscopy. For
spectral histopathology, the pre-processed spectra using the “Resonant Mie Scattering
(RMieS) correction” [6] were classified with a random forest classifier based on biopsy data
previously annotated by a pathologist (spectral range 1800 – 950 cm-1 of spectra recorded
from deparaffinised slices of colon tissue). Comparison of raw spectra and those normalised
by RMieS correction, multiplicative scatter correction and standard normal variate
transformation as well as minimum-maximum scaling for the classes of crypts, muscle and
submucosa is presented. Surprisingly, the pre-processing of transmission and transflection
spectra leads to a fine agreement of the spectral database used for classification of different
tissue types and significant spectral differences as expected for the different substrates were
not observed.
[1] A. Kallenbach-Thieltges, F. Großerüschkamp, A. Mosig, M. Diem, A. Tannapfel, K. Gerwert,
Immunohisto-chemistry, histopathology and infrared spectral histopathology of colon cancer tissue
sections, J. Biophotonics 6, 88–100 (2013).
[2] M. Miljković, B. Bird, M. Diem, Line shape distortion effects in infrared spectroscopy, Analyst 137, 39543964 (2012).
[3] M. Miljković, B. Bird, K. Lenau, A.I. Mazur, M. Diem, Spectral cytopathology: new aspects of data
collection and confounding effects, Analyst 138, 3975-3982 (2013).
[4] P. Bassan, J. Lee, A. Sachdeva, J. Pissardini, K.M. Dorling, J.S. Fletcher, A. Henderson, P. Gardner, The
inherent problem of transflection-mode infrared spectroscopic microscopy and the ramifications for
biomedical single point and imaging applications, Analyst 138, 144-157 (2013).
[5] K. Wehbe, J. Filik, M.D. Frogley, G. Cinque, The effect of optical substrates on micro-FTIR analysis of
single mammalian cells, Anal. Bioanal. Chem. 405, 1311–1324 (2013).
[6] P. Bassan, A. Kohler, H. Martens, J. Lee, H.J. Byrne, P. Dumas, E. Gazi, M. Brown, N. Clarke, P. Gardner,
Resonant Mie Scattering (RMieS) correction of infrared spectra from highly scattering biological samples,
Analyst 135, 268–277 (2010).
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Scope of the research initiative “Jena Cell Identification Group” (JenZIG) is the
combination of Raman spectroscopy with optical trapping and microfluidic chips for cell
identification and sorting. Using upright microscopes, fluidic connections were realized at the
bottom side [1]. Cells tend to sediment in the tubing at low flow rates which is problematic
for a continuous and stable injection of single cells. The contribution presents an in-house
built inverted microscope to solve the problem. The performance of the new microscope was
characterized for the distinction of breast carcinoma derived tumor cells (MCF-7, BT-20).
The inverted microscope consists of fiber ports for coupling the excitation laser and the
spectrograph with CCD detector. This enables to connect the microscope to a commercial
Raman system, here HoloSpec RXN1 (Kaiser Optical Systems). Laser line filter,
beamsplitter, objective holder and notch filter were installed in a 30×30 mm cage system
(Thorlabs). Optical components were selected for high throughput. Comparison with the
standard Leica microscope (Microprobe, Kaiser) showed almost same signal intensities.
Cells were transferred into a small sample chamber with a quartz coverslip. 150 Raman
spectra were collected per cell type with the inverted microscope and 50 Raman spectra per
cell type with the Leica microscope using an oil immersion objective 100×/1.25. Data sets
were analyzed R [2] using the package hyperSpec [3]. Classification models were developed
based on partial least squares projection followed by linear discriminant analysis (PLS-LDA).
Out-of-bootstrap [4], a resampling scheme comparable to iterated cross validation, was used
for validation. Classification performances are discussed for data sets collected on four days.
Data from both microscopes gave similar accuracies for distinction of MCF-7 and BT-20
cells. Further experiments will be performed in quartz microfluidic chips using more different
cell types [1].
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)"
(Project: B714-07037) and the Federal Ministry of Education and Research (BMBF) within the project
RamanCTC (FKN 13N12685) is highly acknowledged.
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In 2012, 463000 new cases of breast cancer and 131000 mortality cases due to the same
disease were recorded just within Europe [1]. This high number of incidence requires
optimized therapies in order to achieve the highest effectiveness with, at the same time, safe
dosage of the administered drugs. Therefore, a fast and robust method for online monitoring
of the drug concentration in body fluids is required.
Anthracyclines are a class of chemotherapy drugs with broad activity against a wide range of
tumors, including breast and lung cancer. They inhibit DNA and RNA synthesis by
intercalating between base pairs of the DNA/RNA strand, thus preventing the replication of
rapidly-growing cancer cells [2]. There are several derivatives of this class, among which,
epirubicin (EPI) proved to show the highest effectiveness with the lowest toxicity [3].

Fig. 1 Mean SERS spectra and
double standard deviation of (a)
KCl activated Ag colloid and (b)
EPI aqueous solution of 3·10-5M;
(c) Raman spectrum of epi powder.

Within this contribution we present the determination of EPI
by means of SERS combined with droplet based
microfluidics. Therefore, in addition to the high sensitivity
and specificity of SERS, high sample throughput and
minimum sample requirement is also achieved. The
microfluidic platform consists of a glass chip with six
injection ports [4-5]. As SERS substrate Ag colloids prepared
by the Lee-Meisel method [6] activated by 1M KCl were
used. The aqueous mixture of analyte/colloid formed droplets
within the continuous flow of mineral oil. Stem solutions of
epirubicin of 10-4 - 10-5 M were supplied through one of the
ports. The concentration gradients were achieved by varying
the applied flow rates; at this time a detection limit of 6·10-6M
is achieved.
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Surface-enhanced Raman spectroscopy (SERS) has dynamically developed, especially in the
field of bioanalysis, such as studying of cells, because of its ultrasensitive detection limits [1].
As the native constituents are present in cells at very low concentrations, it is challenging to
find a method, which can be easily applicable for the cellular studies. However, it is possible
to collect informative signals at cellular level within seconds with SERS spectroscopy. To
carry out SERS experiment on the cells, it is crucial to synthesize appropriate SERS labels i.e.
metal nanoparticles conjugated to Raman reporters (mainly dyes with a large cross section for
Raman scattering). These nanoparticles can be introduced into the cells to give information
about intracellular environment along with SERS signal of a reporter [2]. Fluorescence is the
most common reference method for the analysis of cells, however, most fluorescent organic
dyes exhibit relatively weak emission intensity and they are rapidly photobleached. From this
reason, combining fluorescence with SERS of higher spatial resolution than fluorescence
provides a powerful tool for detailed studies on cells.
The uptake of different specimens by cells is related to the cellular membrane properties,
which can be changed in pathological states. Thus, it is important to examine the kinetics of
the fluid phase uptake under different conditions in order to broaden knowledge about this
process. Here we present the SERS and fluorescence studies of fluid phase uptake in different
cells, e.g., macrophages and human endothelial cells EA.hy926.
References:
[1] J. Kneipp, H. Kneipp, K. Kneipp, Chem. Soc. Rev. 37, 1052-1060 (2008)
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The Action of Two Different Chemotherapeutic Drugs on a Highly Resistant
Cell Line Analysed as a Function of the Cell Cycle by Means of FTIR MS.
M. Jimenez-Hernandez, C. Hughes, P. Bassan, M.D. Brown, N.W Clarke
and P. Gardner
Manchester Institute of Biotechnology, University of Manchester, 131 Princess Street,
Manchester, UK. M1 7DN
The FTIR spectral profiles of Caki-2 cells, a highly chemo-resistant renal cell carcinoma cell
line exposed to either Paclitaxel or 5-FU, were analysed as a function of the cell cycle in order
to determine whether the differential response triggered by these two drugs, known to act via
distinct modes of action, could be revealed by means of FTIR spectroscopy. Although
Derenne et al.(1) have recently shown that the influence of the cell cycle is considerably small
compared with the overall effect of the drug on PC-3 cells cultured in-vitro, our study aimed
to a) demonstrate the capability of FTIR spectroscopy for retrieving the cell cycle phase of
untreated and drug-treated cells via the construction of a robust SVM(2) b) highlight the
metabolic modifications induced by the drugs also in the S-phase of development and c)
determine whether there could be a marker of preferential sensitivity to any of the drugs in
order to pave the path to a personalised treatment that could minimize the side effects faced
by a cancer patient under treatment. The spectroscopic profiles of drug-treated Caki-2 cells
showed that there is a consistent biochemical response among all the cell cycle phases and
irrespective of the chemotherapeutic compound used to treat the cells. Interestingly, these
biochemical features are related to the accumulation of lipids in cells undergoing apoptosis(35). The construction of a linear SVM involving a pool of data of control and drug-treated cells
revealed that, even though the cell cycle itself is not the clustering trend of the asynchronous
culture of Caki-2 cells exposed to either Paclitaxel or 5-FU, it is in fact possible to classify
these cell cycle phases with an average accuracy of 77.98%; thus, we believe that it is still too
early to completely rule out the influence of the cell cycle while analysing chemotherapy
drugs on a single cell level.
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To plants, silica is available due to its presence in soil and dust. This inorganic component is
known to increase yields of crops and to mitigate biotic and a-biotic stresses by improving
plant fitness. The absorption of silica might involve the transport from the roots through the
transpiration stream to the epidermis and epidermal features.[1] Although there are many
studies about silica bodies [2] and the presence of silica in biochemical and biophysical
processes in general, most of the mechanisms leading to silicification are not fully
understood. Therefore, we focus on the investigation of plant cells from cell cultures and
pollen as a model system to find a connection between the molecular composition and the
microscopic and macroscopic structure of a plant cell during the silicification process. To
achieve this, we combine physiological experiments with cells and pollen with different
techniques that provide data on molecular structure of the inorganic silica, the complex
organic plant material, and the cellular morphology. The challenge of our project is to
combine the information from spatially resolved optical microspectroscopy, specifically
Raman scattering with X-ray scattering techniques such as Wide and Small Angle X-Ray
Scattering (WAXS and SAXS) to study inorganic material in a complex biomatrix. Up to now
a combination of both methods was only possible for very well-defined molecules [3].
In our poster, we present experiments with germinated pollen grains from different species.
We discuss imaging results of the germination process that we obtained by Raman scattering,
thereby extending the information of previous data [4]. Furthermore, we present first data of
our WAXS experiments with horsetail done at µ-Spot beamline of BESSY II, Berlin. These
results demonstrate that our proposed experimental approach is feasible.
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The use of strontium ions (Sr2+) in the bone regeneration field has been popularized by an
anti-osteoporotic drug, Strontium Ranelate (Protelos®, Servier). Since then, various strontium
moieties have been included in several biomaterials used for bone regeneration1,2,3. Since Sr2+
ions have demonstrated positive effects on bone regeneration4, it is of interest to clarify the
details of their mechanisms of action. For this reason, we cultured bone-forming cells (preosteoblasts) to tease out the effect of Sr2+ supplementation in mineralizing media in-vitro.
In this study, the effect of long-term Sr2+ supplementation (using SrCl2) in in-vitro preosteoblast cultures was evaluated using Raman spectroscopy. A range of concentrations of
Sr2+ were studied in long-term in-vitro cultures, focusing on collagen production and
mineralisation.
Raman spectroscopy revealed differences that arose solely due to the supplementation of Sr2+,
and not by Ca2+ supplementation nor by the increased presence of Cl- counterions. Thus the
differences observed could be attributed to Sr2+ ions alone. Further, by studying the averages
of the Raman spectra from a large number of cells (~300) cultured with various Sr2+
concentrations, changes in both mineral and collagen production were detected. This study
provides insight into the effect of Sr2+ in biomineralisation, which can be of great application
in the design of new biomaterials.
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Scanning an area with a Raman spectrometer requires a longer duration of time during which
the detector can be hit be high-energy cosmic radiation that causes spikes to appear in the data
set. A manual audit and correction of the measurements can prove time-consuming, showing
the need for an automatic screening of the data. Existing methods have been created for the
case of maps containing at least a thousand data points [1] or for measurements, where all
points lie on a regular grid [2]. While the last assumption is usually valid in practice, the
technique is limited when it comes to diagonal scans and shows weaknesses on the borders of
maps. We investigate the use of geostatistical methods [3] that were designed to be robust
against outliers. The spatial relationship of neighbouring points can be used to build
regression and interpolation models without having to rely on grid structures. In the case of
kriging, one can derive the best linear unbiased estimator of the data. This can be used to
optimally impute invalid data points such as wavenumbers corrupted by spikes. For
comparison, the method is shown to work well and competitive to the existing ones on a
Raman scan of yeast cells [4], as well as smaller size scans.
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For severe ill patients with infectious diseases a fast identification of the causing pathogens is
crucial to start an appropriate antimicrobial therapy as soon as possible. For instance in cases
of a septic shock the mortality rate increases dramatically if there is no appropriate
antimicrobial treatment within the first hours after the onset of the shock. [1]
Our aim is to provide a fast and non-destructive method to identify microorganisms directly in
infested body fluids without the need of a prior culture step. To reach this task we used a
combination of a conventional light microscope with a Raman spectrometer. This setup has a
spatial resolution below 1 µm, which is in the same size as bacterial cells and enables us to
investigate single bacterial cells. [2-3]
To identify single bacterial cells according to their Raman spectra it is necessary to build up a
reference database in a first step. Since Raman spectra of bacterial cells, even of the same
species, differ according to their cultivation conditions, the cultivation parameters for the
reference dataset should be as equal as possible to that of the identification samples. Since we
want to identify bacteria which were directly isolated from patient urine samples, we used
also urine as the cultivation medium for the bacteria of the reference dataset. In total eleven
different bacterial strains out of six different genera were implemented. A support vector
machine was trained with 2950 spectra as a classification model.
In a proof of principle study we isolated bacteria directly out of patient urine samples,
measure single cell Raman spectra and used the before trained SVM model to identify the
main containing bacterial species. This was done with samples containing the most prevalent
pathogens in urine E. coli and E. faecalis.
In conclusion Raman microspectroscopy in combination with support vector machines seems
to be a suitable technique to identify the main containing species in patient urine samples on a
single cell level, without a prior culture step. The whole identification process can be done
within few hours. This is an enormous time benefit in comparison to the gold standard urine
culture which needs at least 24 hours to identify bacteria in urine.
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Most microbial cells live in the form of biofilms in natural environment. These communities
of microorganisms (bacteria, protozoa, algae and fungi) embedded in a hydrogel matrix of
extracellular polymeric substances (EPS, biopolymers such as polysaccharides, proteins,
nucleic acids, lipids) are called biofilms [1]. They play an important role in the degradation of
pollutants, but they are very sensitive to varying boundary conditions. Therefore a rapid and
noninvasive analytical tool for chemical characterization with high spatial resolution and
sensitivity is required.
With Raman microspectroscopy (RM) an in situ nondestructive chemical analysis of
biofilm matrix in the µm-range can be performed [2]. This vibrational spectroscopy allows a
noninvasive acquisition of Raman spectra without the interference of water. However, the
quantum efficiency of 10-6 – 10-8 for the Raman effect and hence the sensitivity is rather
limited. Therefore surface-enhanced Raman scattering (SERS) can be used to enhance the
intensity of the Raman bands significantly. SERS occurs if a molecule is attached to, or in
immediate proximity of a nanometer-roughened metal (e.g. Ag, Au) surface. With this
technique enhancement factors in the range of 103 – 106 (up to 106 at “hot spots”) due to the
electromagnetic (surface plasmon resonance) and chemical enhancements (charge transfer
complex) can be reached [3]. With the improvement of the sensitivity of RM with SERS a
reproducible and rapid analysis of the biofilm matrix is possible [4].
In this project we analyze the accumulation/degradation of water quality-related
substances in cooperation with Helmholtz Zentrum München, Institute of Groundwater
Ecology. Stable-isotopes (i.e. 13C-tracer) are used to achieve a better understanding of
degradation pathways of pollutants. It is already known that the Raman bands of proteins or
nucleic acids in 13C-labeled microorganisms show a characteristic red-shift in the Raman
spectrum [5]. The analysis of sulfate reducing bacteria cultivated with 13C-naphthalene show
a clear red-shift of the bands in the Raman spectra of the microbiologic cells. Additional
Raman and SERS measurements of 12C/13C-glucose and phenylalanine mixtures were
successfully performed, and calibration curves were created. The results should help to
understand the influence of biofilms on the flux, turnover and fate of natural and
anthropogenic pollutants in regional water cycles.
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Obesity is a metabolic disorder resulting in elevated levels of free fatty acids and
triglycerides in the blood circulation together with accumulation of lipids within various
tissues. The Berlin fat mouse inbreed line (BFMI) is an important new model for obesity
which has a complex genetic background and generates spontaneous obesity while they are
fed with a rodent standard breeding diet (SBD). These lines are not generated by knock-out
mutations as a causative effect for the generation of spontaneous obesity phenotype. That is
why, according to their polygenic nature underlying obesity phenotypes, the BFMI lines are
excellent models for the study of obesity induced changes in humans. These lines contain two
different adipose tissues; inguinal fat (IF) which is SCAT (Subcutenous adipose tissue),
gonadal fat (GF) which is VAT (Visceral adipose tissue)
This current study aims to characterize BFMI male and female mice having gonadal
and inguinal adipose tissue. For this purpose, Fourier transform infrared microspectroscopic
imaging has been used to investigate obesity-induced changes on macromolecular content in
gonadal and inguinal adipose tissue of male and female control and BFMI mice, namely
BFMI852, BFMI856, BFMI860 and BFMI861. Sections of adipose tissue were transferred
onto BaF2 slides, spectral maps were collected using FTIR microspectroscopy and data
analyses were performed. FTIR microspectroscopy is a rapid and effective technique to
monitor of molecular alterations induced by different conditions such as disease, chemicals
and environmental in biological tissue components.
The results revealed that the highest lipid/protein ratio is found in BFMI860 and
BFMI861 lines in gonadal and inguinal adipose tissue. The amount of unsaturated lipids
which is indication of lipid peroxidation were found to be the lowest in BFMI860 and
BFMI861 lines in gonadal adipose tissue. The results of the characterization revealed that
BFMI860 and BFMI861 lines are convenient models for the study of spontaneous obesity.
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Soil habitats consist of a significant number of microbes that cannot be cultivated by
conventional means thereby posing obvious difficulties in their identification. This
necessitates the need for advanced and culture free techniques for the identification and
classification of soil microbes.
In recent years, vibrational spectroscopic techniques such as conventional Raman, resonance
Raman and SERS have been applied to address multiple aspects associated with microbes1-2.
Resonance Raman spectroscopy can be used to probe specific bio-molecular profiles of the
soil microbes that are already cultivable and potentially be of help for the identification and
classification of non-cultivable microbes in soil based on comparison to these profiles.
Soil microbes having carotenoids as pigments will be the main focus of this study favouring
resonance Raman specificity towards carotenoids. Soil microbes with different pigments
belonging to the genera Micrococcus, Deinococcus and Kocuria will be probed and classified
mainly based on their pigment profile along with the overall biomolecule profile. In addition,
the photo protective response of these microbes to UV-A radiation will be analysed pertaining
to the fact that carotenoids play a vital role in protecting them from daily exposure to different
doses of radiation from the sun3-4. This differential photo protective response will also be
considered as a potential chemotaxonomic marker.
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Biofilms are complex communities of microorganisms characterized by structural
heterogeneity and an extracellular matrix of polymeric substances which provides a habitat
and nutrients, increases bacterial resistance to antibiotics and detergents allowing the survival
and multiplication of bacteria outside a host cell [1, 2]. Waterborne pathogens such as
Legionella and Pseudomonas are naturally present in water environments and persist mostly
in a viable but nonculturable state or in association with protozoa and complex biofilm
formations [3]. Isolation and afterwards identification of these pathogens from environmental
samples by using common identification procedures based on cultivation are extremely
difficult and prolonged. The development of a fast and sensitive method based on the
cultivation-free identification of bacteria is necessary. In this study, Raman
microspectroscopy is used to discriminate between different species of bacteria grown both in
planktonic state and biofilms and to investigate spectral differences between those two forms
of the same organisms. Our findings suggest that Raman microspectroscopy combined with
support vector machines is a fast and reliable method to distinguish between seven species of
bacteria grown in tap water in both planktonic form and biofilms. For further investigations, it
is important to adapt the isolation procedure to the use of Raman microspectroscopic analysis
on the single cell level in order to create a Raman database of these waterborne pathogens
isolated out of protozoa and biofilms.
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SR FTIR Spectroscopy Study of the Prostate Cancer (PC3) Cells Repair
after Damage Induced by Protons.
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Among spectroscopic techniques, the FTIR (Fourier Transform InfraRed)
spectroscopy reveals the nature of biological sample and produces spectra of compositional
and structural changes at the molecular level without chemical marker [1,2].
Here, the evaluation of cellular repair capability of damage induced by protons was
studied with application of SR-FTIR (Synchrotron Radiation - FTIR) spectroscopy. The
results from SR-FTIR and parallel biochemical study were compared.
The single cells from prostate cancer PC3 cell line were irradiated with proton
microprobe. The 2 MeV external proton beam was delivered by the Van de Graaff accelerator
with the beam spot of 16 μm in diameter. The cellular irradiation response was evaluated:
a) right after proton irradiation and b) after selected incubation times, allowing cells to repair
the damage.
The study was performed using two methods:
a) physical - SR-FTIR spectroscopy in transmission mode with a resolution of 4 cm-1
in spectral range from 4000 cm-1 to 400 cm-1. Spectral changes were analyzed in DNA region
(from 1240 cm-1 to 950 cm-1) and protein amides region (from 1800 cm-1 to 1400 cm-1).
b) biochemical - fluorescent microscopy revealing presence of antibodies specific to
DNA double strand breaks formation (γH2AX test).
Results indicate that the chemicals used in γH2AX test affect the infrared spectra
shapes. The changes in the amides region suggest strong influence of anti-γH2AX
monoclonal antibodies. The SR-FTIR spectra of irradiated cells show changes in chemical
backbone structure of DNA correlated with incubation time after protons irradiation. These
changes, particularly prominent in vibrational spectra in range from 1240 cm-1 to 950 cm-1,
potentially relate to the DNA strand breaks. The comparison of results obtained with both
methods (biochemical and physical) allows further discussion, planning of future research and
possible verification of this hypothesis.
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The anthracycline antibiotics such as doxorubicin and daunorubicin are cytotoxic drugs,
which owing to their broad antitumor activity are widely used in the treatment of many
malignant diseases. One of the major side effects of these chemiotherapeutics are arrhythmias,
cardiomyopathies and increase risk of heart failure. Anthracycline-induced cardiac toxicity
may be mediated by its injurious effects on the cardiac vascular endohtelium.
The analytical methods mostly used for the determination of anthracyclines in plasma and
serum are based on liquid chromatography with ﬂuorescence or electrochemical detection.
However, all of these methods require sample pretreatment, i.e. extraction with chloroform or
acetone. Based on Raman spectrum, which gives a unique chemical signature of a specimen
and using multivariate statistical and chemometric approaches it is possible to investigate
biochemical changes induced by pharmacological treatment. Raman spectral imaging at the
single cell level represents a potential avenue for probing various cellular processes and
monitoring for example cell–drug interactions.
The purpose of this work was to monitor changes in biochemical composition and evaluate
cytotoxic effects of doxorubicin (adriamycin) and daunorubicin (daunomycin) on the human
endothelial cells.
In this study Confocal Raman Imaging was used to monitor a molecular composition
occurring in single cells as a result of anthracycline exposure on living endothelium. Cells
were directly grown on calcium fluoride slides (CaF2, 25×2 mm, Pike Technologies, U.S.)
and treated with appropriate dose of antibiotic for 24 hours.
Raman mapping was done with a Confocal Raman Imaging system Witec alpha 300 equipped
with a 60× water immersion objective (Nikon Fluor, NA=1).
The obtained results may help to investigate and better characterised molecular mechanisms
of cardiotoxicity induced by the anthracycline antibiotics.
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We employ confocal Raman spectroscopic techniques to investigate the permeation of skin
product on human skin. The aim of the present study is to measure and investigate in vivo the
penetration profile of the formulation into the stratum corneum which is composed of
corneocytes and intercellular lipid matrix. In our study, the volar forearm of female volunteers
treated with three different vitamins formulations (with and without nanoparticules) was
measured following typical application of 2-5 mg/cm2 on human skin. The active ingredients
permeation into the stratum corneum of the epidermis was measured between 0 to 24hrs using
a Confocal Raman System (Rivers diagnostics) coupled to a 785 nm laser excitation. The
depth profile was measured at 2µm intervals from the skin surface toward the interior up to
100µm. The analysis of the collected spectra revealed that the formulation remains on the skin
surface (stratum corneum) ( 0 to 15µm) in most cases and nothing has been detected below
20µm after 24hrs. These results highlights that confocal Raman spectroscopy, in conjunction
with other analytical techniques, has a potential for rapid noninvasive measurements of the
skin permeation of vitamins active formulations by providing information changes occurring
at the molecular level.
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In dense metal nanostructure arrays with small interparticle distance, efficient nanofocusing of light can be achieved. This results in high local electric fields and gives significant enhancement of Raman signals of analyte molecules (106-108 in bulk experiments) when they
are in close proximity to the nanoparticle surface (Surface enhanced Raman scattering,
SERS). SERS combines the high specificity and the possibility of gathering information about
the molecular structure of the analyte in Raman Spectroscopy with a high sensitivity. A condition for the use of SERS in analytical applications is the use of stable and reproducible
nanostructures. Furthermore the plasmon resonances and local electric fields in nanostructure
arrays strongly depend on the size and shape of the structures. In principle, lithography e.g.
electron beam lithography can be used to fabricate regular nanostructured arrays with defined
size, shape and period, but the minimum achievable distance between the particles is often
limited. Previous attempts to overcome this limitation require specialized fabrication approaches or particular structure designs [1, 2].
Here, we present a processing approach based on templated growth, i.e. lithographic prepatterning of gold nanostructures, followed by repeated deposition and thermal annealing of
ultra-thin gold layers [3]. Using this approach, we have fabricated dense nanoparticle arrays
with small interparticle gap sizes and distinct plasmonic properties. Ripening of nanoparticles
was monitored using scanning electron microscopy and the optical properties, as well as the
surface-enhanced Raman scattering (SERS) enhancement factor of the resulting structures,
were characterized.
The influence of different parameters like the lattice period, the height and diameter of
the initial nanostructures as well as the total thickness of the additionally deposited gold layers on the SERS enhancement was studied. In order to obtain information about the electromagnetic field distribution, we carried out 3D finite-difference time domain (FDTD) simulations of realistic nanoparticle structures in geometrical configurations corresponding to our
fabricated samples. The generated structures can be used in different applications, ranging
from biochemical detection to photocatalysis, ideally with large-area patterning techniques
such as nanosphere lithography or interference lithography.
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Polyphenolic compounds constitute one of the largest groups of plant metabolites. They
display a vast array of molecular structures and cellular effects. In the past few decades,
significant advances enabled researchers to investigate the potential use of these
phytochemicals to treat or manage a plethora of chronic diseases including inflammatory
diseases, cardiovascular abnormalities and various types of cancer (1). Antitumor properties
of some of them such as curcumin have already been demonstrated. Traditionally, new drugs
are evaluated for their potential to inhibit the proliferation of cancer cell lines. This approach
is obviously not sufficient, and molecules with new modes of action are especially needed.
Before setting up any advanced test on animals or clinical trials, and considering the large
number of natural polyphenolic compounds already discovered, a preliminary classification of
these molecules, preferentially based on induced cell metabolic modifications, is required.
With such a classification, it should be possible to combine molecules acting on diverse signal
transduction or biochemical pathways to create more efficient treatments. The aim of this
work is to establish a classification method of polyphenolic compounds based on their
mechanisms of action on cancer cell lines by FTIR spectroscopy using a high-throughput FTIR spectrometer. This FTIR information is particularly rich as it originates at the same time
from the genome, proteome, lipidome and metabolome. In this project, we will examine the
effects of various polyphenols on 4 breast cancer cell lines presenting a growing invasive
character. These cell lines are HBL-100, MCF-7, SK-BR-3 and MDA-MB-231.
Infrared spectra of cultivated cells exposed to polyphenols at their IC50 concentrations provide
a precise signature of the global cell composition after treatment. It has been recently
demonstrated in our laboratory that the infrared spectrum of cells exposed to wellcharacterized anticancer drugs provides a fingerprint representative of the metabolic changes
induced by the drugs (2,3). As a first step in this procedure, we are working on the
improvement of the quality of the IR spectra recorded by the high-throughput FTIR
spectrometer (HTS). In particular we compare HTS absorbance spectra with imaging
absorbance spectra of individual cells from the same cell smear in an attempt to understand
the variable quality of HTS spectra. To do so, the program “Kinetics” running under Matlab
carried out the processing of all the spectra acquired and unsupervised multivariate statistical
analysis (hierarchical classification) used to classify them.
(1) Issa A.Y., Volate S.R., Wargovich M.J., J Food Comp Anal 19, 405-419 (2006).
(2) Derenne A., Gasper R., Goormaghtigh E., Analyst 136, 1134-1141 (2011).
(3) Derenne A, Verdonck M, Goormaghtigh E. Analyst 137, 3255-3264 (2011).
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Over the past decade the advancement of biomedical spectroscopic imaging to characterize
mammalian cells and tissue has been profound. However, the progression of new imaging
instrumentation that utilize large focal plane array detectors, coupled with the inherent
complexity of the vibrational spectra that are produced, provides an ever more demanding
need for advanced computational methods that allow rapid data processing, chemometric
imaging, phenotypic archiving and supervised classification.
This contribution shall highlight newly developed software for the advancement of vibrational
spectroscopic imaging. Within the ZebraFish Explorer module, a comprehensive library of
algorithms is available for multivariate image construction and sample characterization. In
addition to the optimization of traditional statistical methods used by the spectroscopic
community, a number of new additions have been developed that allow enhanced
performance. Of particular note is the implementation of GPU accelerated computing for
large data sets, algorithms for scatter correction, and batch processing of multiple data sets.
Future releases of two additional modules are presently in development and shall provide
further tools for robust data segmentation and classification. The Data Mining module shall
compose tools allowing the construction of comprehensive spectroscopic libraries that can be
mined and segmented using tissue/cell class tags and patient metadata. The Classification
module will alternatively focus on the application of machine learning algorithms for
optimized pattern recognition and classification. It is envisaged that these modules combined
shall provide a comprehensive aid for biomedical spectroscopists.
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Cancer is one of the raising problems of the ageing society and tumor growth is not fully
understood yet. In the common techniques the samples are manipulated by dyes, which can
lead to artefacts. Raman microscopy provides a label-free approach, but suffers from
fluorescence background and the time consuming measurement. With Coherent Anti-Stokes
Raman Spectroscopy (CARS) as a further technique of Raman spectroscopy the measurement
time is reduced drastically.
CARS-spectra of pancreatic tumor cells (MIA PaCa-2) were measured in the C-H stretching
region from 2700 to 3000 cm-1. These spectra were analysed with an unsupervised learning
algorithm (hierarchical cluster analysis). The obtained clusters were assigned to false-colour
images and were annotated by colocalization with the corresponding fluorescence images of
stained cellular components. With these data a supervised learning algorithm (random forest)
was trained and used to automatically annotate the cellular components.
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In 2012 there were 972 patients waiting for a donor heart in Germany, but just 319
transplantations could be realized [1]. To compensate for this mismatch implantation of a
ventricular assist devices (VAD) is an essential therapy to keep the patient alive. In these
devices a small amount of blood may be exposed to shear rates up to 100 000 s-1 for a short
time. Previous studies showed that hemolysis starts from shear rates of about 80 000 s-1 [2],
but it is assumed that even lower shear rates harm Red Blood Cells (RBCs). This demands the
investigation of the intact RBCs after passing the VAD. The membrane elasticity of RBCs is
important for oxygen supply of the body especially in the small capillaries [3]. Laser Tweezer
Raman Spectroscopy (LTRS) provides a promising technique for the investigation of this
factor. An optically trapped RBC with its doughnut like shape folds due to the mechanical
forces which are induced by the optical tweezers [4]. Due to this folding process, the
hemoglobin inside the cell releases the previously bound oxygen. The state of oxygenation
can be observed in the Raman spectra of the hemoglobin [5]. With an increasing power in the
trapping beam the deoxygenation process continuously progresses and can be monitored in
the Raman spectra. Plotting the trap power against the state of oxygenation provides suitable
information about the membrane elasticity. Finally sheared and unsheared RBCs can be
compared considering this behavior to proof and investigate the effect of shear stress on the
membrane elasticity of RBCs.
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Raman scattering, the inelastic scattering of light by molecular bonds, provides highly
relevant, intrinsic chemical information about samples with a spatial resolution near the
diffraction limit, and is thus of highest interest in biomedical applications [1]. It is, however,
limited by a fairly low sensitivity, e.g. when compared to fluorescence excitation, due to the
low scattering cross section of most organic molecules. A number of techniques have been
developed to overcome this limitation, one of which is surface-enhanced Raman scattering,
which makes use of the local field enhancement that occurs near plasmon-resonant
nanoparticles [2]. Coherent oscillations of the electrons or plasmons in noble metal
nanoparticles are known to exhibit coupling effect, when nanoparticle are in close proximity.
When organic molecules are used to specifically link nanoparticles and cause the formation of
nanoparticle dimers, very small gap dimensions can be reached, resulting in significant nearfield enhancement of the electric field in the gap between the particles [3,4]. We studied the
wavelength-dependent response of a rodlike acetyl-protected dithiol polymer molecule
bridging two gold nanoparticles with a diameter of 40 nm. The introduction of the dithiol
polymer leads to the formation of nanoparticle complexes, such as monomers, dimers, and
higher order aggregates in suspension, and also serves as a probe for the local field
enhancement. We investigated the change in the SERS enhancement factor as a function of
the excitation wavelength in the VIS- and NIR-range. With these constructs, it is also possible
to estimate the influence of the electromagnetic and chemical enhancement factors depending
on the excitation wavelength by comparing peak ratios of different chemical groups within
the gap between dimerized nanoparticles.
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In 2010, some 9,156 people were diagnosed with brain and other CNS tumours in the UK and
just under half of these cases resulted in death [1]. The current gold standard method for the
diagnosis of malignant brain tumours is surgical removal of the tumour, which then undergoes
histological examination for grading. This method is invasive and subjective and for this
reason it is important for the welfare and comfort of the patients to develop a new diagnostic
technique.
Raman spectroscopy is an analytical technique based on the inelastic scattering of light and
has been widely used in research of cancerous biological samples [2-3]. This is mainly due to
the rapid operation, little sample preparation and in this case, being non-invasive for the
patient. A previous study has shown the diagnostic potential of brain tumours using ATRFTIR using serum samples with high sensitivity and specificity [4].
We report the use of Raman spectroscopy combined with pattern recognition algorithms as a
diagnostic tool using high-grade, low-grade and normal (non-cancer) serum samples. A
Raman spectroscopic diagnostic protocol using whole serum samples will be cost effective,
relatively non-invasive and provide a regime in the rapid brain tumour diagnosis. We will also
discuss the potential of data fusion between Raman and ATR-FTIR for serum diagnosis.
References:
[1] Cancer Research UK. Brain, other CNS and intracranial tumours statistics. Available:
http://www.cancerresearchuk.org/cancer-info/cancerstats/types/brain/uk-brain-and-cns-tumour-statistics.
[Last accessed 25th July 2013] (2010).
[2] K. Gajjar. L. Heppenstall, W. Pang, K. M. Ashton, J. Trevisan, I. I. Patel, V. Llabjani, H. F. Stringfellow, P.
L. Martin-Hirsch, T. Dawson, F. L. Martin. Anal. Methods. 5, 89-102 (2012).
[3] I. Taleba, G. Thiéfinab, C. Gobineta, V. Untereinera, B. Bernard-Chabertb, A. Heurguéb, C. Truntzerc, P.
Hillonc, M. Manfaita, P. Ducoroyc and G. D. Sockalingum. Analyst. 138, 4006-4014 (2013).
[4] J. R. Hands, P. Abel, K. Ashton, T. Dawson, C. Davis, R. W. Lea, A. J. S. McInsosh, M. J. Baker. Anal
Bioanal Chem. DOI: 10.1007/s00216-013-7163-z.

Poster Session

Study of Human Lenses by FTIR Spectroscopy
C. Paluszkiewicz 1, P. Chaniecki 2, W. Kwiatek1, A. Wiecheć1, J. Lekki1
1

Department of Experimental Physics of Complex System, Institute of Nuclear Physics PAN,
Radzikowskiego 152, 31-342 Kraków, Poland
2
5th Military Hospital with Polyclinic in Kraków, Department of Ophthalmology Wrocławska
1-3, 30-091 Kraków, Poland
The point of our study was to analyze human lenses with cataract and find out the
changes depending of illness level. Cataract illness manifests by a decrease in visual acuity,
which, apart of health problems, gives rise to social and economic consequences. There are
many causes of this illness, and each of them differently affects the chemical structure and
phase composition of the lens. This disease requires surgical intervention, to remove the
cloudy lens and to introduce the eye lens polymer [1]. Today, ophthalmology commonly uses
phacoemulsification method, during which the lens is broken up by ultrasound and its
fragmented parts are removed from eye.
In this work experimental material was obtained from the lenses removed during
surgical intervention from patients aged 65-90, with different visual acuity and glucose level.
The duration of ultrasound, applied during phacoemulsification surgery, was from 3.6 to 16.7
seconds. The small fragmented lenses were analyzed by FTIR method using Excalibur
spectrometer, equipped with globar source, DTGS detector, and ATR attachment with ZnSe
crystal. The data were collected in transmission mode and internal reflection mode in the
region from 600 cm-1 to 4000 cm-1. The spectral resolution was set to 4 cm-1. Spectra were
normalized and converted into second derivatives.
In our study it was important to analyze the relations between bands in the region of
1000 cm-1 to 1900 cm-1. Such a requirement had been proved by Shan-Yang Lin et al. [2] who
analyzed lenses by FTIR method. They suggest that the β-sheet structure was a predominant
component in Amid I. Additionally, the peak intensity ratio of Amid I to Amid II decreases
for cataract lenses and for glaucomatous lenses. Our results indicate that the ratio of Amid I
/Amid II is about 1.25 and has tendency to decrease with glaucoma level. The similar trend
can be observed when we compare this ratio with high level of cataract process, correlated
with longer ultrasound duration in course of operation.
Most of ocular human diseases are associated with Zinc deficiency [3]. Several
proteins are directly associated with Zinc transport. To study this issue, in our work the
elemental composition of samples was determined by means of micro-Proton-Induced X-ray
Emission (μPIXE) method. The results indicate that the level of Zinc concentration decreases
with visual acuity as well as with high level of cataract process.
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In the last decade several methods were established to extend and support the
chemotherapeutic treatment of cancer. Targeted cancer therapies block cancer growth and
spread using small molecules interfering with tumor growth and progression. Many molecular
targets for epidermal growth factor receptor (EGFR) selectively compete with the adenosine
triphosphate-binding site of its tyrosine kinase domain. Detection of molecular targeted
agents and their metabolites in cells/tissues by label-free imaging is attractive because dyes or
fluorescent labels may be toxic or perturbative. Obtaining detailed information of uptake and
metabolization allows improving the transport mechanisms of drug uptake and the
development of new drugs. In our studies colon cancer cells were incubated with erlotinib
(Tarceva) and investigated with Raman microspectroscopy (532 nm Nd:YAG Laser). It
shows that the molecular targeted agent erlotinib is internalized and metabolized to its
demethylated derivative in colon cancer cells. This observation was confirmed by
fluorescence measurements in which the EGFR was labeled. We recognized that the erlotinib
C≡C vibration is an excellent label-free marker for Raman imaging. This study provides new
insights into drug uptake and intracellular targeting mechanisms, and demonstrates the
potential of Raman microspectroscopy as a non-invasive label-free technique to investigate
pharmacokinetics.
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In histopathology and tumor diagnostics, hematoxylin staining is the gold standard used to
identify the nuclei morphology in cells and tissues. Although being a well-established
technique, hematoxylin staining is an invasive method and it cannot be used for in vivo
diagnostics and to quantify the density of nucleic acids. To circumvent these limitations, a
label-free quantitative imaging technique exploiting the intrinsic biomolecular vibrations of
nucleic acids is highly desirable. The aim of our work is to identify unambiguous nucleic
acids markers in typical cells found in different layers of skin, such as adipocytes and
keratinocytes, based on their intrinsic vibrational Raman contrast by confocal Raman
microspectroscopy. Furthermore, we demonstrate the applicability of these markers for the
label-free mapping of a human melanoma skin section showing an excellent correspondence
of cell morphology between Raman and H&E contrast.
As a demonstration of nucleic acids quantification, we monitor the variations of the ploidy in
G1, S and G2 cell cycle phases of HeLa.
The proposed method offers the potential for a fast, label-free and quantitative mapping of
nuclei in large tissue sections by means of coherent Raman scattering techniques and its
application in tumor diagnostics.
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Candida albicans is a commensal fungus that can reside in the human gut and mouth without
causing infections. C. albicans is known for its polymorphism and can grow both as yeast and
hyphae. The hyphae form is invasive and especially immune compromised patients are at high
risk of developing a fungal infection called candidiasis. At the onset of the infection, the fungi
are first confronted with neutrophils, the first guard of the innate immune system that is
responsible for eliminating the pathogens. C. albicans has developed some evasive
mechanisms to escape the phagocytosis which are not yet fully understood.
Raman spectroscopy was shown to be a powerful method to identify different bacterial
species and to differentiate between leukocyte subpopulation. In this study, Raman
spectroscopy has been employed to differentiate between the Candida albicans confronted by
the neutrophils and the non-confronted ones, based on the biochemical changes adapted by
the fungi which are captured in the respective Raman spectra of the fungi.
Candida albicans SC5314 were cultivated overnight in a yeast extract peptone dextrose
medium at pH 4 and 30oC. These conditions inhibited the hyphae formation. Microscopic
observation confirmed the morphogenetic state of the C. albicans as yeast form.
Polymorphonuclear neutrophils (PMNs) were isolated from the peripheral blood of healthy
volunteers using density gradient method. C. albicans were incubated with PMNs for 1h.
Control experiments were carried out under similar conditions without PMNs. Raman maps
of chemically fixed C. albicans which were phagocytosed by the PMNs, those which escaped
phagocytosis and the control group, were measured using 785 nm excitation. All the Raman
measurements of the extracellular C. albicans were carried out on the yeast and/or budding
yeast (pseudohyphae) form of the Candida albicans. For data analysis chemometric methods
such as Nfinder algorithm, principal component analysis (PCA) and linear discriminant
analysis (LDA) have been employed. A statistical classification model was built using PCALDA method to differentiate between the PMN confronted C. albicans and the nonconfronted C. albicans. With the classification model it was possible to differentiate between
C. albicans escaped phagocytosis and the control group. The tentative spectral analysis
reveals major spectral differences arising from polysaccharides and lipids. Further
investigations are being carried out to examine the difference between the phagocytosed C.
albicans and the non-phagocytosed, escaped fungi.
Acknowledgement: Financial support by the Federal Ministry of Education and Research (BMBF) via the
Integrated Research and Treatment Center “Center for Sepsis Control and Care” (CSCC, FKZ 01EO1002) is
highly acknowledged.
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The precise determination of the boundaries of a tumor during radical prostatectomy is vital. If the
tumor is not completely removed the reoccurrence of cancer is most likely. The aim of this study is to
develop a dual modality sensor for precise detection of tumor margins. The instrument developed by
the authors combines the tactile resonance sensor [1] that determines tissue stiffness with fiber Raman
spectroscopy [2] that yields biochemical information of the tissue content. The design of the sensor
has been presented before and has shown good results in discerning different tissue types from porcine
[3]. Here, we will present the first clinical study of a dual modality sensor for prostate cancer detection
on prostate tissue from patients that had undergone radical prostatectomy.
Written consent was retrieved from the patient before operation (ethical approval, regional ethical
committee, medical research, Umeå, Sweden, Drn 2013-94-32M). After radical prostatectomy, the
orientations (back, front left and front right) of the sides of the resected prostate were marked with
different tissue marking dyes (yellow, red and green) for further analysis by histopathology. A slice of
1 cm was cut from the prostate, fixed by needles to Styrofoam, and put onto the xyz-table. Tactile
measurements and Raman spectra were taken subsequently at the preprogrammed positions. The
tactile sensor’s frequency and impression force were recorded during a 1 mm impression and
successive retraction, 3 consecutive Raman spectra were acquired (785nm, 10 s, 54 mW). After
experiment (1h) the prostate sample was immersed in formalin and prepared for histopathology. The
tactile sensor’s stiffness parameter, dF/dΔf, was calculated at maximum depth by linear regression of
the ten data points before maximum recorded force reading. The sensor stiffness parameter’s ability to
discern stiff and normal tissue was evaluated by the nonparametric Kruskal–Wallis test, followed by
Tukey–Kramer’s multiple comparison test. The number of false positives will be evaluated against the
histopathological analysis. Raman average spectra (n = 3) were slightly smoothed (Eilers’ algorithm
for Wittaker smoothing (d=2, L=10)), thereafter a polynomial base line reduction was performed and
the final Raman spectra were vector normalized. The datasets of treated spectra were reduced by
Principal Component Analysis (PCA) and grouped by a clustering algorithm. The result will be
evaluated using LOO CV (leave one out, cross validating) and compared to the histopathological
analysis.
The experiments could be carried out with good logistics and the time table that only allowed 1h of
experiment could be followed. The first experiments show promising results.
Acknowledgements: This work was supported by the EU Structural fund, Objective 2, Norra Norrland, and the
Kempe foundation.
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Fibromyalgia (FM) and Interstitial Cystitis/Bladder Pain (IC/BPS) are chronic pain
syndromes that remain a diagnostic and therapeutic challenge owing to the lack of consistent
laboratory and clinical findings. Because accurate diagnosis and intervention are crucial for
improved patient outcomes, reliable diagnostic markers are urgently needed. Despite decades
of research, FM and IC/BPS still are diagnosed by exclusion of various “confusable diseases”
based on clinical symptoms.
Our aim was to investigate the ability of a rapid biomarker-based method for diagnosis of
FM and IC/BPS syndromes using mid-infrared microspectroscopy (IRMS) and pattern
recognition analysis to differentiate patients from those with other rheumatoid or bladder
disorders and to identify molecular species associated with the spectral patterns. Under IRB
approval, bloodspot samples were collected from patients, extracted, concentrated and applied
onto a microarray slide for spectrum data acquisition using IRMS equipped with a slide-on
attenuated total reflection (ATR) germanium crystal. Spectra were analyzed using
multivariate statistical modeling (SIMCA) to differentiate groups. We have identified a
biomarker “fingerprint” for FM [1] and IC/BPS [2] that correctly differentiated patients in all
groups with greater than 90% accuracy. Differentiation was greatest in the 1400 to 1700 cm-1
range with the band centered at 1560 cm-1 being most important which is associated with
indole NH bending vibrations from tryptophan residues. Aliquots of samples also were
subjected to metabolomic analysis identifying changes in tryptophan catabolism pathway as
key metabolites in differentiating patients with FM from those with other rheumatoid
disorders [2]. Our data suggests that intermediate compounds in the TRP metabolic pathway
might be associated with its pathophysiology, as others have suggested for chronic illness
syndromes. Our rapid and reliable diagnostic test would permit earlier diagnosis and
treatment, which could significantly improve patient quality of life and productivity, and
release economic resources within health care systems. Additionally, these disease indicators
also might be useful to monitor the effectiveness of therapeutic interventions.
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Raman imaging spectroscopy and Atomic Force Microscopy (AFM) were used to
study the physical and chemical properties of the tissue samples. The Raman chemical images
were correlated with AFM topographic information taken from the same sample area. The
combination of both methods provides the complementary data about the properties of the
studied biological system (Fig. 1A).
The research was carried out for the mouse vascular wall in “en face” preparation
mode. The presented maps were recorded using WITec alpha 300 system. The main technical
issue of the study was the way of the biological samples fixation. The efforts are paid to
preserve the physico-chemical features of the tissue. Here, the analysis of the mouse vascular
wall was carried out for fixed sample (formalin) in air and for non-fixed sample in the
phosphate buffered saline (PBS) solution. Both approaches enable to obtain different
information, which can be correlated with the chemical changes in the sample undergoing
upon fixation and drying (Fig. 1B). The main differences are observed especially in the amide
III band, in skeletal mode of polysaccharides and O-P-O stretching.
Presented here multimodal Raman imaging combined with AFM offers a great
potential in biomedical studies to be explored further.

Fig. 1 (A) The AFM topography compared to the Raman depth profiling of the „en face” fragment of the fixed
aorta. The chemical images were prepared using K-means cluster analysis. (B) The comparison of the average
spectra from the whole maps obtained for fixed and non-fixed samples.
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Spitz nevi are melanocytic proliferations characterized by spindled and/or epithelioid
nevomelanocytes, sometimes leading to diagnostic confusion with malignant melanoma
(MM) because of their alarming clinical presentation.[1,2] Still now, contrasting opinions
persist regarding the benignancy versus malignancy of Spitz tumors. Although
immunophenotypic and molecular analyses have begun to clarify their etiologic nature,
additional studies are essential to better define these lesions.[3] So, we propose an FTIR
microspectroscopy approach to characterize benign, malignant and Spitzoid skin lesions
through the analysis of spectral changes of melanocytes in order to identify specific spectral
markers related to these samples as well as to evaluate the presence of melanine.
The samples were independently reviewed by two expert pathologists and classified into
control skin, (C, n= 3), classic (CSN, n= 5), desmoplastic (CDSN, n= 4), atypical (ASN, n= 5)
and malignant Spitz nevi (M, n= 3). They were deposited on steel supports for spectral
analysis. All the spectral data were submitted to multivariate analysis, affording for each
cluster, a representative spectrum. By analyzing these spectra, differences were detectable
especially in the secondary protein structure and in nucleic acids conformation.
[1] Casso EM, Grin-Jorgensen CM, Grant-Kels JM. J Am Acad Dermatol 27, 901-13 (1992).
[2] Dal Pozzo V, Benelli C, Restano L, Gianotti R, Cesana BM. Dermatology 194, 20-51997.
[3] Luo S, Sepehr A, Tsao H. J Am Acad Dermatol 65, 1073-84 (2011).
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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. Furthermore we showed that using immobilized nanoparticles for SERS
experiments results in a good reproducibility of the spectra of pollen extracts.3 Thus these
nanoparticles can be used for characterization and classification of aqueous pollen extract
samples. 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.
Here we show that classification can also be achieved by SERS on the aqueous extract of
pollen in nanoparticle suspensions. This significantly reduces the preparation time required
for the analysis.
We have optimized the parameters for these SERS experiments on the water-soluble fraction
of pollen samples, in particular regarding amount of sample, sample preparation, excitation
wavelength, the time elapsed between the addition of Millipore-water and the measurement
and the amount of spectra gathered per pollen extract. We show that these spectra can be used
to classify pollen grains with different taxonomic relations using different methods of
multivariate statistics.
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Fourier transform infrared (FTIR) spectroscopy/microscopy together with chemometric tools
are successfully and widely used to monitor disease, chemical or environmentally-induced
structural and functional changes in the molecules of biological systems. However,
application of these techniques on radiation science is very limited. This technique can be
used to differentiate irradiated and non-irradiated tissues, to monitor radiation-induced
damages and to study the protective effect of some chemicals. Here, as a biomedical
application, the restoring effect of amifostine on ionizing radiation-induced damages and the
sole effects of amifostine on lipids and proteins of healthy rat liver microsomal membranes
and brain tissues are reported. Amifostine (WR-2721) is the only approved radioprotective
agent by the Food and Drug Administration (FDA). The results revealed that radiation
induces significant alterations in the concentration, composition, structure and function of
lipids in the liver microsomal membranes [1] and white matter (WM) and grey matter (GM)
regions of brain tissues [2] and amifostine restores radiation-induced damages in these
systems. Artificial neural network (NN) results showed that radiation also caused significant
changes in the secondary structure of proteins by inducing an increase in the turn and random
coil structures which are restored by amifostine treatment [1,2]. Based on these spectral
differences, irradiated samples were successfully differentiated from the control samples.
However no significant changes were observed in healthy systems in terms of molecular
concentration, lipid structure and protein secondary structure due to amifostine treatment,
which may indicate that amifostine is non-toxic for the biological systems and can be
successfully used as a radioprotectant agent in radiotherapy. As an application from food
sciences, the differentiation of un-treated and low and high dose ionizing radiation-treated
hazelnut tissues based on infrared spectral differences is given. It was shown that irradiated
samples were successfully differentiated from non-irradiated food samples using cluster
analysis and principal component analysis (PCA) methods.
Supported by TUBITAK-SBAG-2939 and METU.
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Hypertension is one of the fastest growing civilization disease in the world today.
There are two types of this disease: systemic and pulmonary hypertension. Despite the fact
that their symptoms are clearly identified in the advanced state, their etiology is still unknown.
To date, no clinical chemistry test has been established in the recognition of these civilization
diseases.
On the other hand, infrared microspectroscopy (FTIR) has been employed in the
analysis of biological material such as cells, tissues or body fluids towards medical diagnosis
for several years [1-4]. Therefore, the aim of our work is to investigate whether FTIR
technique would be useful in identification of systemic and pulmonary hypertension at the
early stage of the disease progression. Since, biochemical events responsible for
cardiovascular disorders appear on the border of vascular wall and blood stream, we used
platelet poor plasma as an object of our studies.
Plasma samples were collected from animal models of systemic hypertension (induced
by NO synthase inhibitor, L-Name) and of pulmonary hypertension (induced by
administration of monocrotaline). We observed clinical and spectral changes within 8 and 4
weeks, respectively. PCA analysis clearly differentiate the advanced state of the diseases with
variance of ca. 60 % for the entire spectral region exhibiting IR bands. These results suggest
for the first time possibility of recognition of pulmonary hypertension by using blood plasma.
In the case of systemic hypertension, spectral features allowed for discrimination of the
disorder from the control group in the 3rd week of the L-Name administration, on the contrary
to biochemical marker (thromboxane metabolite, TXB2) that indicates the development of the
disease from the 6th week only.
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During the development of atherosclerotic plaques the uptake of lipids by macrophages plays
a key role. Through receptor mediated processes lipids are transported into the cells and
stored in lipid droplets in the cytoplasm. The scavenger process is an uncontrolled pathway
which leads to a high lipid content in the cells if the lipid concentration in the blood is
elevated. Macrophages transform into foam cells but toxic lipid levels can be reached within
the cell which eventually undergoes necrosis or apoptosis. If the macrophages are located in
the subendothelial layer of arteries, the lipid content can be deposited within the arterial wall
forming lipid-rich plaque depositions (atheroma). By thickening of the wall and rupture of the
plaque, the blood flow can be disturbed or blocked completely. Atherosclerosis can therefore
lead to myocardial infarction or stroke which are major causes of death in Western
industrialized countries [1].
At present, the formation of cellular lipid droplets is not well understood. Raman microscopy
provides the possibility to correlate microscopic information with chemical characterization
through spectral analysis. To gain more insight into the uptake and metabolism of lipids,
Raman microscopy of different cell types incubated with deuterated fatty acids were
conducted [2,3]. The introduction of deuterium labels enables to distinguish between the fatty
acid of interest and the cellular lipids. In these early experiments, cells were arrested at certain
time points by chemical fixation after being incubated with palmitic or oleic acid [2]. This
study presents the results obtained from fixed THP-1 macrophages incubated with deuterated
arachidonic acid complexed to serum albumin. As a precursor of eicosanoids, which mediate
inflammation and help during the blood clotting process, the polyunsaturated arachidonic acid
plays an important role in the cellular signaling process.
New experiments were performed to generate live cell Raman images and hence to investigate
the development of lipid droplets. Palmitic acid was used as a saturated fatty acid and Raman
images of the same macrophage were conducted over a period of several hours. With the help
of Raman microscopy, it is possible to detect an increase of palmitic acid stored in lipid
droplets in a living macrophage.
This work was supported by the Carl-Zeiss-Stiftung.
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Hepatocellular carcinoma (HCC) is the fifth most common malignant tumor
worldwide and nearly 600,000 HCC-related deaths per year [1]. The disease is often
coexisting with hepatitis infections or cirrhosis of the liver, which makes early diagnosis and
prognosis of HCC even more complicated [2]. For this reason, development of novel
diagnostic methods is a crucial step in HCC management. Raman imaging allows label-free
determination of the molecular composition of biological samples on cellular and subcellular
level. By using classification algorithms together with information of the morphological
structures, Raman spectroscopy provides a powerful tool for early HCC detection and offers
the potential to prevent therapeutic mistakes due to false diagnoses of malignancy.
In this study we investigated molecular information of human liver tissue by Raman
imaging in order to differentiate, classify and predict malignant and non-malignant regions.
Therefore, 23 surgically resected human liver specimens were measured using confocal
Raman microscopy. Raman maps were acquired, correlated with HE-stained microscopy
images and classified by an experienced hepatopathologist into malignant and benign regions
of HCC (n=12) and fibrosis (n=17). The average Raman spectra corresponding to the types of
tissue showed distinct spectral differences with increasing intensities for HCC samples at
2855, 1656, 1435, 1298, 1083, 1063, and 890 cm-1 and increasing intensities at 1660, 1245,
934, and 738 cm-1. In order to classify malignant and non-malignant liver tissue, random
forest models were used and validated with 101×iterated 7-fold cross-validation (patientwise), resulting in a sensitivity of 76% and a specificity of 93% for HCC.
The presented results demonstrate the high potential which Raman spectroscopy has
for future diagnostics of liver cancer.
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Protein tyrosine kinases (TKs) and phosphatases (PTPs) control protein tyrosine
phosphorylation/dephosphorylation in signalling molecules that regulate the sensitivity of
cells to growth factors and to pro-apoptotic stimuli. This homeostasis is subverted in Chronic
Myeloid Leukemia (CML) stem cell where the chimeric BCR/ABL fusion gene (Philadelphia
chromosome) codifies for Bcr-abl proteins (e.g. p210). Bcr-abl has constitutively increased
protein TK activity which blocks cell differentiation and induces cell proliferation. In addition,
the expression/activity of receptor-type tyrosine-protein phosphatase gamma (PTPRG) is
down regulated, in particular in drug-resistant CML blasts1. However, when exposed to
tyrosine kinase inhibitors (TKIs), for instance imatinb mesylate (IMA), or transfected with
PTPRG, most CML cells can regain the sensitivity to pro-apoptotic stimuli1.
Aimed at exploring the possibility to restore apoptosis, we transduced the D1-D2
intra-cytoplasmic catalytic domains (ICDs) of human PTPRG fused to HIV-1 Tat penetratin
peptide2 (Tat) into CML cells and we compared the IR spectra of individual cells in untreated
controls (CTRLs) and in samples exposed to IMA or to PTP-active rICD-Tat or PTP-inactive
rD1028-ICD-Tat proteins, respectively.
Synchrotron Radiation (SR) Fourier transform (FT) InfraRed (IR) microspectroscopy
(SR microFTIR) was applied to obtain the spectra of individual cells in samples of humanderived K562-B4 cells with absent PTPRG or of mouse-derived Ba/F3 cells transfected with
and stably expressing human p210BCR/ABL fusion gene (wt-Ba/F3). The uptake of rICD-Tat
proteins in cells was studied by confocal fluorescence microscopy. The levels of
phosphotyrosine were studied in the proteins cell lysates separated by gel electrophoresis and
immunoblotted with specific antibodies. PTP activity was measured using paranitrophenylphosphate (pNPP) substrate or the phosphomolybdate/malachite-green (MG)
assay method performed in the presence of ENDpYINASL phosphopeptide. The percentages
of viable and apoptotic cells in samples were determined by MTT assay and flow cytometric
analysis of fluorescence in cells stained for Annexin-V and Propidium Iodide, respectively.
As compared to untreated CTRLs and CML cells transduced with the rD1028A-ICDTat protein, decreased levels of protein phosphotyrosine and increased apoptosis were
observed in samples exposed to IMA or to the PTP-active rICD-Tat, respectively. Accurate
classification was obtained by hierarchical cluster analysis (HCA) applied to dataset of SR
FTIR absorbance spectra.4
In conclusion, an active oncosuppressive protein tyrosine phosphatase was efficiently
transduced by HIV-1 Tat technology into leukemic cells. PTP-active rICD-Tat protein was
able to oppose the abnormal Bcr-Abl TK activity and induce cell apoptosis in CML cells.
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Cellular proliferation, transformation and death are tiny regulated events at the basis of
organism life and the interplay between them is of paramount importance for hindering
diseases occurrence and progression and eventually being able to guarantee a successful
therapy. For example, tumorigenesis is associated with several changes that alter cellular
susceptibility to apoptosis while drug sensitivity is often dependent on the cell cycle stage.
The knowledge of cell cycle phase distribution as well as of early apoptotic markers are of
paramount importance for understanding cellular behaviour under normal and stressed
conditions. These tasks are usually assessed using Flow Cytometry (FC) or
immunohistochemistry which usually requires fixation. In this presentation, results and
information obtained by FC and IRMS analysis of live cells for assessing the cell cycle stage
distribution and induction of apoptosis will be compared.
In particular, asynchronous, S- and G0-synchronized B16 mouse melanoma cells were
studied by running parallel experiments based on MD-IRMS and FC using Propidium Iodide
(PI) staining of cellular DNA. Hierarchical Cluster Analysis (HCA) of cellular microspectra
in the 1300–1000 cm−1 region pointed out a distribution of cells among clusters, which was in
good agreement with FC results among G0/G1, S and G2/M phases. The differentiation was
mostly driven by the intensity of PhI and PhII bands. In particular, PhI almost doubled from
the G0/G1 to G2/M phase, in agreement with the trend followed by nucleic acids during
cellular progression (1). The ability of IRMS to differentiate between G1-progressive and G0resting phases will also be shown, a result proven by immunohistochemistry and achievable
by FC only using a multi-probe approach.
The induction of apoptosis in U937 monocyte cell line by serum starvation and CCCP
(carbonyl m-chloro phenylhydrazone) exposure was also followed by IRMS and FC. The
percentage of viable, early and late apoptotic as well as necrotic cells was assessed first by
biparametric PI-DiOC6 FC analysis and results were compared with the ones obtained by
IRMS. Again, both techniques were concordant, but complementary: IRMS allowed getting
details that FC could not easily reveal and vice versa. As an example, IRMS analysis allowed
to establish that the apoptotic progression of U937 due to growth factor withdrawal is
associated to the accumulation of lipid droplets, a mechanism revealed for other cell lines,
leukemic and not, by NMR spectroscopy while the mitochondrial membrane depolarization
detected by FC was not revealed by IRMS, that however had the ability to discriminate
between reversible and irreversible mitochondrial damage.
Overall, both FC and IRMS are multiparametric techniques that permit the assessment of a
broad range of information at the same time. Actually, IRMS is less selective and slower than
FC, but it is a label-free technique that lately has become applicable on live cells thanks to the
optimization of devices and methodologies. IRMS has been shown to be a suitable technique
for achieving accurate information of cellular lipids, which usually degrade after the
permeabilization techniques used for the promotion of dye penetration.
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In plant ecology research the focus of plant traits shifting more and more towards chemical
and biochemical cell composition. Since, the analysis of elemental cell quota or cellular
content in proteins, major storage compounds like lipids and carbohydrates or structural
components like lignin by means of biochemical methods is time consuming and needs
relative high amounts of cell material, alternative measurements are recently under
development [1-3]. Fourier transformed infrared spectroscopy (FTIR) in the mid infrared as
well as near infrared region can overcome some of these limitations due to its high reliability,
sensitivity, and the potential for high throughput analysis. We show that FTIR spectroscopy
coupled to several statistic based data interpretation is a useful tool for determining
biochemical traits of different plant material, ranging from small single cell phytoplankton up
to higher plant samples. We further show the application of the method in different fields of
plant ecology and biotechnology with respect to statistical data interpretation.
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In the last decades, incidence of melanoma has steadily increased worldwide. Once melanoma has
metastasized, this advanced stage of disease is difficult to treat and does not respond to current
therapies [1]. Numerous recent studies have emphasized the role of stromal cells in the tumor
progression [2, 3]. Moreover, some particular treatments such as immunotherapies enable to act on
these stromal cells to block tumorous progression. A precise identification of the different immune
actors is a preliminary step to the choice of this kind of treatment. Histological analysis of biological
tissues achieved by pathologists enables a visualization and quantification of the immune cell types
found in the microenvironment. Yet, this step of vital importance is time-consuming, expensive and
operator-dependant. In this study, we suggest to use FTIR imaging to characterize the immunologic
microenvironment of tumor cells in metastatic lymph nodes, the first place of colonization of
metastasis.
The spectroscopic imaging data on metastatic lymph nodes were acquired in transmission on
deparaffinized 4 µm thick tissue slices deposited on 40x26 mm2 BaF2 slides using a Hyperion imaging
system (Bruker) equipped with a 64*64 MCT (Mercury-Cadmium-Telluride) FPA (Focal Plane Array)
detector. Every individual element of the array detector covers an area of 2.9*2.9 μm². One IR unit
image results in 4,096 spectra (184*184 μm²), each one being the average of 256 scans (ca 5 minutes
recording).
16 lymph nodes from 8 patients were used in this study. 8 lymph nodes were invaded by melanoma
metastases and we compared those with 8 tumor-free lymph nodes from the same 8 patients. A
collection of spectra from the main cell types found in the tissue was recorded (melanoma cells,
lymphocytes, erythrocytes and fibroblasts). A total of 26 000 spectra were acquired. Unsupervised
analyses (PCA) were able to distinguish these main cell types on basis of their spectra. Supervised
discriminant PLS-models were built for cell type identification with 2/3 of the database. The model
was validated on the remaining spectra. Correct recognition percentages reached between 94 to 99%
depending on the cell types, as assessed by a pathologist. In a second part of the study, we compared
the spectral signatures from T lymphocytes infiltrating the tumor from metastatic lymph nodes with
those from tumor-free lymph nodes. Using PCA (Principal Component Analysis), spectra clustered
clearly in two groups.
We show here in an exploratory study that IR imaging can be applied on histological tissues to
recognize the main cell types found in lymph node melanoma metastases. We also demonstrated that
the spectral signature of lymphocytes from tumor-free lymph nodes and metastatic lymph nodes were
different. This difference could arise from a difference in the activation state. As the presence of actors
of the immune system in the tumor site appears to be crucial for the outcomes of the patients, FTIR
imaging could become a method of choice for the analysis of clinical samples.
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The ability to accurately detect DNA both quantitatively and qualitatively inside cells
using Fourier transform infrared (FTIR) spectroscopy has been disputed [1]. Recently, we
have demonstrated that the variability of DNA absorptions is in fact due to the dehydrated
nature of most biological samples prepared for FTIR spectroscopic measurement [2]. In the
dehydrated state DNA in cells and nuclei assumes an A-DNA conformation instead of the
native B-DNA form and, in this conformation, the molar extinction coefficients of the
antisymmetric and symmetric phosphate absorptions change significantly. This leads to
unexpectedly low DNA absorption intensities that nonetheless are Beer-Lambert in nature.
The Beer-Lambert nature of these absorptions was demonstrated by infrared spectroscopy of
avian erythrocytes and extracted nuclei in conjunction with Partial Least Squares regression
analysis to quantify cellular DNA [3]. The DNA content of extracted erythrocyte nuclei was
successfully estimated as 44.2±6.6% (actual: 44.3%) and of intact erythrocytes as 12.8±4.3%
(actual: 12.5%). DNA absorptions of spectra of hydrated single cells throughout interphase
were also used to investigate the quantitative and qualitative biochemical changes involved in
the G1, S and G2 phases of the cell cycle [4]. Using Principal Component Analysis cells only
two hours apart within the same cell phase were successfully clustered. The Loadings Plots
elucidated changes in the lipid, protein and DNA concentration as well as conformational
changes to protein and lipid ordering.
The detection of the B to A conformational transition of the cellular DNA in eukaryotes
has also been used to demonstrate that in situ A-DNA can be rehydrated to the native B-DNA
state. Furthermore, the same B to A to B transition of cellular DNA that was previously
observed in eukaryotes has also now been observed in several species of desiccation resistant
prokaryotes that are viable after rehydration. This highlights the biological significance of a
previously unreported en masse transition of cellular DNA into the A-form in response to
desiccation stress and demonstrates that FTIR spectroscopy is an important non-invasive
technique for monitoring DNA polymorphism as well as concentration in the cells.
1. B. Mohlenhoff, M. Romeo, M. Diem and B. R. Wood, Biophys. J. 88, 3635-3640 (2005).
2. D. R. Whelan, K. R. Bambery, P. Heraud, M. J. Tobin, M. Diem, D. McNaughton and B. R. Wood, Nucleic
Acids Research 39, 5439-5448 (2011).
3. D. R. Whelan, K. R. Bambery, L. Puskar, D. McNaughton and B. R. Wood, Journal of Biophotonics,
DOI: 10.1002/jbio.201200112 (2012).
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Use of computational methods and biological tools for characterizing protein
structures have been a great interest in the scientific and structural biology community. One
of the challenges in the structural biological community is processing the wealth of protein
data being produced today; therefore, the use of computers aided tools has been incorporated
to speed up and help understand the structures of proteins, hence the functions of proteins.
Determining the structures of proteins (for example in terms of α-helix, β-sheets, βturns, and disordered contents) is of fundamental importance for understanding the functions
and behaviour of proteins at the molecular level. High resolution techniques such as X-ray
crystallography and NMR are not always applicable and Fourier Transform Infrared (FTIR)
spectroscopy, a widely applicable analytical technique, has great potential to assist structure
analysis for a wide range of proteins. FTIR spectral shape and band positions in the Amide I
(which contains the most intense absorption region), Amide II, and Amide III regions, can be
analyzed computationally, using multivariate regression, to extract structural information. In
this project Partial least squares (PLS) was used to correlate a matrix of FTIR spectra and
their known secondary structures, as listed in the Protein Data Bank (PDB), in order to
determine their structures (in terms of "helix", "sheet", “310-helix”, “turns” and "other"
contents) for a selection of 72 non-redundant proteins. Analysis of the commonly
used spectral wavelength range between 1500 and 1900 cm-1 (amide I and amide II regions)
results in high accuracies of prediction, as high as R2 = 0.98 for α-helix, 0.95 for β-sheet, 0.94
for 310-helix and 0.95 for turns. The Amide II region also gave results comparable to that of
amide I, especially for predictions of helix content. We have also been able to differentiate
between parallel and anti-parallel β-sheet.
Our structural analyses compare highly favourably to those in the literature using
machine learning techniques. Our work proves that FTIR spectra in combination with
quantitative informatics technique, like PLS multivariate regression analysis, can accurately
determine protein secondary structure.
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The so-called electric field standing wave effect (EFSW) has recently been demonstrated to
significantly distort FT-IR spectra acquired in a transflection mode, both experimentally and
in simulated models [1,2]. These results put into question the appropriateness of the technique
for sample characterization, particularly in the field of spectroscopy of biological materials. In
this work [3], the model is extended to sample thicknesses more representative of biological
tissue sections and to include typical experimental factors which are demonstrated to reduce
the predicted effects (integration over the range of incidence angles, varying degrees of
coherence of the source and inhomogeneities in sample thickness). The latter was found to
have the strongest averaging effect on the spectral distortions. Whenever inhomogeneities as
low as 10% of the sample thickness are present, the predicted distortions due to the standing
wave effect are almost completely averaged out. As the majority of samples for
biospectroscopy are prepared by cutting a cross section of tissue resulting in a high degree of
thickness variation, this finding suggests that the standing wave effect should be a minor
distortion in FT-IR spectroscopy. The study has important implications not only in
optimization of protocols for future studies, but notably for the validity of the extensive
studies which have been performed to date on tissue samples in the transflection geometry.
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Whooping cough is a highly contagious infectious disease of the upper respiratory tract
caused by the Gram-negative pathogen Bordetella pertussis [1]. Despite widespread and
efficient vaccination, in the last two decades there has been a worldwide resurgence of
pertussis [2, 3]. The resurgence of the disease has been associated to various factors including
suboptimal vaccines, waning immunity and pathogen adaptation to persist in vaccinated
populations. Although traditionally known as a severe childhood disease recently, an
increased incidence in adolescents and adults was reported. In the later groups the disease
symptoms are mild or even not manifested, consequently, the infected individuals become
silent carriers of the pathogen [4]. One proposed hypothesis to explain the survival and
persistence of B. pertussis in human host is that this organism may adopt a biofilm lifestyle
during respiratory infection as a strategy to survive and persist in their host [5].
The aim of this study was to get insights into the phenotypic diversity of B. pertussis local
clinical isolates and a reference strain (B.p. Tohama I). Furthermore, we analyzed the ability
of circulating isolates to grow as biofilm and compared their chemical composition with B.
pertussis Tohama I strain biofilm by FT-IR spectroscopy.
We studied the reference strain B. pertussis Tohama I and a total of 15 clinical isolates
recovered in the period 2001-2008 from pediatric patients in Argentina. Firstly, we analyzed
the phenotypic diversity of the isolates after 48 h of culturing on Bordet-Gengou agar at 36 ºC
by FT-IR spectroscopy. No significant differences were observed among the general features
of first derivative spectra belonging to the clinical isolates and the reference strain along the
whole spectral range. The maximum spectral variance among 3 independent replicates of the
same isolates (Dmax = 23 ± 5) was similar to the spectral distance among different strains.
Thus, the clinical isolates studied and the Tohama I strain seemed to be phenotypically
indistinguishable by FT-IR spectroscopy. Nevertheless, when the biofilm formation ability of
these bacteria was assessed on 6-well-microtiter dishes after 72 h of growth by quantifying
the sessile biomass with crystal violet [6], all clinical isolates showed a significantly greater
capacity to form biofilms, compared to the reference strain. Besides, the biofilms produced on
the wells for all the strains was scraped from the microtiter walls and collected with distilled
water for FT-IR spectroscopy analysis. All strains showed distinctive polysaccharide signals
when growing as biofilms compared to the solid medium growth, may be due to the
extracellular matrix composition. A semi-quantitative FT-IR analysis of the bands assigned to
proteins, carbohydrates and lipids in clinical isolate biofilms showed an increase in the
relative protein content. This result is in accordance with ongoing proteomic analysis showing
an increased expression of several proteins associated to biofilm growth.
Overall, our results suggest a higher capability of clinical isolates than the reference strain to
adopt the biofilm lifestyle, reinforcing the hypothesis that biofilm lifestyle can be considered
as an “evolution trait” adopted by B. pertussis to persist in their host.
[1] S. Mattoo, J.D. Cherry, Clin Microbiol Rev. 18, 326-82 (2005); [2] S.C. van Amersfoorth, Pediatr Infect Dis
J. 24, S104-8 (2005); [3] H.E. de Melker. Emerg Infect Dis 6, 348-57 (2000); [4] F.R. Mooi, Infect Genet Evol.
10, 36-49 (2010); [5] DO Serra, MS Conover, PLoS One. 6, e28811 (2011); [6] J.H. Merritt, D.E. Kadouri, G.A.
O'Toole. Current Protocols in Microbiology 1B.1.1-1B.1.18 (2011)
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Detection of Cancer Cells Response to EGFR Inhibitors by Raman Spectral
Imaging
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Chair of Biophysics, Faculty of Biology and Biotechnology
Ruhr-University Bochum, 150 University Street. 44780 Bochum, Germany
Targeting epidermal growth factor receptor (EGFR) is one of the major strategies in cancer
therapy. EGFR is overexpressed, dysregulated or mutated in many malignancies. The
inhibitors of EGFR showed a promising therapeutic potency. They can be classified according
to their inhibition mechanism into (1) the monoclonal antibodies that block the extracellular
domain of the receptor to prevent ligand binding, and (2) small-molecule EGFR tyrosine
kinase inhibitors that blocks the ATP acceptor site. Therefore, they disrupt downstream
signaling cascade, which is responsible for tumor growth and progression. Confocal Raman
microspectroscopy showed a promising capability towards human cell imaging and spectral
characterization of the different cellular compartments without the need of labeling.
Furthermore, it offers high resolution and great reproducibility. In the present study we have
implemented the confocal Raman microscopy in detecting the response of cancer cells to
EGFR inhibitors. Raman spectral datasets of cells were acquired with a pixel size of 500 nm.
The data were analyzed by hierarchical cluster analysis (HCA). The clusters that contain the
spectral data are then normalized, rearranged, and merged according to the spectral similarity.
Eventually the mean spectra for the cell membrane, cytoplasm, and nucleus are then obtained
and the difference spectra between untreated and drug-treated cells were calculated. The
difference spectra of cell compartments showed obvious spectral changes. Consequently,
these results show the changes of the biochemical composition of treated cells. This can be
attributed to the therapeutic effect of EGFR inhibitors. These interacted agents can prevent
autophosphorylation of different downstream pathways and trigger the apoptotic state.
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Raman and Nano-analytical Electron Microscopy Characterisation of Human
Cardiovascular Tissue Calcification in Disease
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Tissue calcification occurs naturally in bone and the deep zone of articular cartilage as well as
in a number of soft tissues as part of disease processes. A better understanding of the
structures and nano-scale architecture of ectopic calcification, as well as their surrounding
extracellular matrix composition in tissues such as aortae during atherosclerosis and other
calcific diseases can reveal similarities and differences between biomineralisation
mechanisms that occur in different diseases. Healthy and diseased human aortae, valves, and
coronary arteries were analysed using Raman spectroscopy and nano-analytical electron
microscopy techniques. Scanning electron microscopy with energy-dispersive X-ray
spectroscopy (SEM-EDS), transmission electron microscopy (TEM) with EDS, and selectedarea electron diffraction (SAED) with a focused ion beam (FIB) showed the presence of
spherical calcium phosphate deposits across the different diseased and even healthy tissues.
These spherical deposits were a highly crystalline form of calcium phosphate, which differed
from bone mineral in both its crystallinity and structure 1, 2. Raman mapping of the aorta wall
tissue supported these results, based on intensity heat maps of the 960 cm-1 calcium phosphate
and the 1080 cm-1 phosphate bands that showed discreet regions of calcium phosphate
deposits along the tunica media of the aorta wall tissue. Besides that, differences in the
chemical composition of the surrounding tissue matrix were also analysed. The results raise
interesting questions about the calcification process in atherosclerosis and other ectopic
calcification related diseases. They indicate that a different calcification mechanism is present
compared to bone. However interestingly it appears that different calcific diseases might
undergo the same calcification pathway. The characterisation and study of these tissues can
thus contribute to a better understanding of pathophysiological tissue calcification processes
and can have important implications in the field of cardiovascular disease.
[1] S. Bertazzo, E. Gentleman, K. L. Cloyd, A. H. Chester, M. H. Yacoub and M. M. Stevens, Nat Mater. 12,
576-583 (2013).
[2] E. Gentleman, R. J. Swain, N. D. Evans, S. Boonrungsiman, G. Jell, M. D. Ball, T. A. Shean, M. L. Oyen,
A. Porter and M. M. Stevens, Nat Mater. 8, 763-770 (2009).
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Nanostructures of gold or silver combined with silica shells (SiO2@Au, SiO2@Ag) are
attractive systems for many applications as they combine the physical and chemical properties
of two different materials. The plasmonic cores can serve as optical sensors, e.g., in analyses
using surface-enhanced Raman scattering (SERS). It is well known, that the surface termination
influences the interactions between biosystems and nanoparticles. By coating of the metal
particles with a silica film, particles exhibit the same surface characteristics as pure silica yet
preserve the plasmonic properties.
Here, we present results of the synthesis and characterization of plasmonic nanoparticles with
silica layers of different thicknesses. As reported before, SiO2@Ag nanostructures containing
reporter molecules and thick silica shells can be applied as SERS labels. Here we investigate
their cellular uptake and distribution in fibroblast cells and macrophages by SERS and cryo soft
X-ray tomography. Prior to in vitro studies, the SiO2 nanocomposites have to be well
characterized with respect to layer thickness and stability in physiological solutions. Particle
properties and their stability in cell culture medium are studied by transmission electron
microscopy, UV-vis spectroscopy and dynamic light scattering.
We will further discuss SERS data obtained with SiO2@Ag and SiO2@Au nanostructures with
shell thicknesses of very few nanometers. We compare the SERS spectra and X-ray
microscopic images of SiO2 nanocomposites in live cells with those of uncoated particles under
identical experimental conditions.
We acknowledge funding by ERC starting grant No. 259432 (MULTIBIOPHOT) and Einstein
Foundation Berlin.

