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09:30 - 09:40

Opening remarks

09:40 - 10:00

Roy Goodacre (Manchester, U.K.)
Sniffing out bacteria: non-invasive volatile organic compound analysis of
patients with ventilator associated pneumonia

10:05 - 10:25

Volha Shapaval (Ås, Norway)
Semi-automated identification and tracing of food related
microorganisms by FTIR spectroscopy
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10:30 - 10:50

H. Michael Heise (Iserlohn, Germany)
Infrared spectroscopy for fast characterization of fungi important in
hygiene and agricultural sciences using micro-techniques

10:55 - 11:25

Coffee Break

11:25 - 11:45

Bayden R. Wood (Clayton, Victoria, Australia)
Malaria diagnosis using ATR-FTIR spectroscopy

11:50 - 12:10

Natalia P. Ivleva (Munich, Germany)
Stable isotope (Resonance) Raman microspectroscopic and SERS
analysis of single microbial cells

12:15 - 12:35

Alejandra Bosch (La Plata, Argentina)
Evaluation of the metabolomic fingerprint of human embryo-spentculture media by FTIR spectroscopy: A non-invasive assessment of
embryo for in vitro fertilization (IVF) technology

12:40 - 13:00

Malgorzata Baranska (Kraków, Poland)
High resolution imaging of single cells: Raman, FTIR, AFM and SNOM

13:05 - 14:15

Lunch

14:15 - 14:35

Curtis Marcott (Athens, USA)
Looking inside single cells and tissue using nanoscale infrared
spectroscopy

14:40 - 15:00

Ariane Deniset-Besseau (Orsay, France)
Resonance enhanced AFM-IR: On the way to single molecule

15:05 - 15:25

Francesco Simone Ruggeri (Lausanne, Switzerland)
New insights into individual amyloid aggregates structure by infrared
nanospectroscopy

15:30 - 15:50

Matthew J. Baker (Glasgow, U.K.)
Investigating bacterial agents and human response to bacterial agents via
IR spectroscopy

15:55 - 16:25

Coffee Break

16:25 - 16:45

Richard Dluhy (Birmingham, USA)
Detection of mycoplasma with SERS. Current laboratory results and
progress towards clinical applications

16:50 - 17:10

Wei E. Huang (Oxford, U.K.)
Label-free detection of single cell phenotype using Raman microspectroscopy
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17:15 - 17:35

Ute Neugebauer (Jena, Germany)
Spectroscopic characterization of infections: identification, localization
and antibiotic susceptibility of the pathogen

17:40 - 19:45

Poster Session

20:00 - ??

Dinner buffet (at the RKI canteen)

Poster Session
P1

V. Artyushenko (Berlin, Germany)
Molecular spectroscopy methods for kidney cancer diagnostics

P2

O.D. Ayala (Nashville, USA)
Raman microspectroscopy for discrimination of bacterial pathogens
causing acute otitis media

P3

A. Bauer (Frankfurt/Main, Germany)
Mid-IR photoacoustic spectroscopy on different skin locations for non-invasive
blood glucose measurements

P4

C. Beleites (Jena, Germany)
A new N-FINDR algorithm and the unimixR package for spectral unmixing

P5

G. Bellisola (Verona, Italy)
Phenotyping cystic fibrosis cells by microFTIR and Principal Component Analysis

P6

A. Bonifacio (Trieste, Italy)
Label-free surface-enhanced Raman spectroscopy of biofluids: Diagnostic applications
in oncology

P7

J. Brückner (Dresden, Germany)
The influence of increased iron concentrations on the biosilica of the marine diatom
Stephanopyxis turris

P8

T. Büchner, D. Drescher (Berlin, Germany)
Multimethod approach to understand SERS nanoprobes in cells

P9

K. Bulat (Kraków, Poland)
High resolution imaging of endothelial cells by scanning near-field optical microscopy
(SNOM)

P10 J. De Meutter (Brussels, Belgium))
Infrared imaging of high density protein arrays
P11 A. Dogan (Ankara, Turkey)
FT-IR spectroscopy and multivariate analysis for the detection of irradiated hazelnut
(Corylus avellana L.)
P12 K. Forfang (Ås, Norway)
Estimating the efficiency of fatty acid extraction from fungal biomass by FTIR
spectroscopy
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P13 S. Fornasaro (Trieste, Italy)
Feasibility of quantitative determination of methotrexate with surface-enhanced Raman
spectroscopy and multivariate calibration analysis
P14 E. Giorgini (Ancona, Italy)
Vibrational mapping of sinonasal lesions by Fourier transform infrared imaging
spectroscopy
P15 M. Godejohann (Utting/Ammersee, Germany)
QCL-based IR microscopy: The power of real-time chemical imaging
P16 M. Grube (Riga, Latvia)
Evaluation of cancer-derived exosomes by FT-IR spectroscopy
P17 M. Gühlke (Berlin, Germany)
Study of combined one- and two-photon excited SERS-nanosensors for bioapplications
P18 M.A.B. Hedegaard (Odense, Denmark)
Applying noise adjusted principal component analysis for noise reduction of Raman
micro spectroscopic image datasets
P19 M. Hermes (Jena, Germany)
Evaluating modulated excitation and conventional methods for background correction
in Raman microscopy
P20 O. Hertzberg (Frankfurt/Main, Germany)
Mid-IR photothermal deflection spectroscopy enhanced by total internal reflection for
non-invasive glucose monitoring
P21 M. Joester (Berlin, Germany)
Raman micro-spectroscopy and multivariate statistics to study the influence of silica on
germinating pollen grains
P22 A. Kerstan (Waldbronn, Germany)
Pushing the limits of biomedical and biological FTIR imaging
P23 L. Köhler (Dresden, Germany)
The effect of variable calcium concentrations in culture media on the diatom species
Stephanopyxis turris and Thalassiosira pseudonana
P24 T. Konevskikh (Ås, Norway)
Estimating and correcting Mie scattering in single cell infrared microspectroscopy
P25 G. Kosa (Ås, Norway)
Micro-cultivation of oleaginous fungi and high-throughput estimation of fatty acid
profiles by FT-IR spectroscopy
P26 W.M. Kwiatek (Kraków, Poland)
NanoIR as a new tool for spectroscopic imaging in biomedical studies
P27 L. Lovergne (Glasgow, U.K.)
Developing serum based infrared spectroscopic diagnostics: Optimising sample
preparation and sampling mode
P28 R. Lukacs (Ås, Norway)
Recovery of IR absorbance spectra of spherically shaped biological systems
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P29 K. Majzner (Kraków, Poland)
Raman microscopic studies on the impact of high glucose condition
on the endothelial cells
P30 K. Malek (Kraków, Poland)
FTIR spectroscopy in recognition of lifestyle diseases: Studies on blood plasma of
animal models
P31 M. Mangold (Zürich, Switzerland)
QCL frequency comb technology for mid-infrared sensing
P32 A. Mignolet (Brussels, Belgium)
Investigation of polyphenols anti-cancerous action according to their differential effects
on breast cancer cell lines by FTIR spectroscopy
P33 A. Niedermayr (Munich, Germany)
IR-spectroscopy and multivariate data analysis in point of care testing
P34 M.Z. Pacia (Kraków, Poland)
Diabetes, hypertension and cancer metastasis-induced changes in endothelium studied
with 3D Raman and AFM imaging
P35 S. Pahlow (Jena, Germany)
Isolation and enrichment of bacteria for subsequent Raman spectroscopic identification
P36 C. Paluszkiewicz (Kraków, Poland)
AFM-IR spectroscopy of human lens at the nanoscale range
P37 C. Pickering (Glasgow, U.K.)
Experimental design for bacterial identification using vibrational spectroscopy
P38 K. Ramser (Luleå, Sweden)
Latest news on the development of a stimulated holographic endoscopic Raman
imaging technique for early detection of colorectal cancer
P39 S. Sabbatini (Ancona, Italy)
Thermal stress effects in tumoral epithelial cells: SR-IRMS analysis
P40 C. Sandt (Gif sur Yvette, France)
Identification of a hypoxic signature in glioblastoma cells at the cellular and subcellular
levels by FTIR microspectroscopy
P41 J. Segmehl (Zürich, Switzerland)
Ultrastructural and chemical investigation of functionalized wood cell walls using
Raman microscopy
P42 S. Seifert (Berlin, Germany)
Classification and identification of aqueous pollen extracts using SERS and artificial
neural networks (ANN)
P43 T. Shaykhutdinov (Berlin, Germany)
AFM-IR nanospectroscopy of aggregated thin porphyrin films: Correlating morphology
with intermolecular stacking
P44 K. Shvirksts (Riga, Latvia)
Human mesenchymal stem cell studies by FT-IR spectroscopy
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P45 O. Sire (Vannes, France)
Easy sampling and analysis FT-IR system for medical and biological diagnostic and
screening
P46 M. Smolina (Brussels, Belgium)
Spectral differentiation of breast cancer cell lines in 2D and 3D cultures by infrared
imaging
P47 V. Tafintseva (Ås, Norway)
Sparse partial least squares discriminant analysis (PLSDA) for classification of
microorganisms using FTIR spectroscopy
P48 S. Vercellone (Verona, Italy)
Testing drugs targeting basic defect in cystic fibrosis (CF) epithelial cell lines by FTIR
analysis
P49 Vinay Kumar B.N. (Jena, Germany)
Demonstration of carbon catabolite repression in naphthalene degrading soil bacteria via
Raman spectroscopy based stable isotope probing
P50 I. Zeise (Berlin, Germany)
Microspectroscopic Raman imaging of cucumber plant tissues

Friday, October 16, 2015
09:00 - 09:20

Markus Kostrzewa (Bremen, Germany)
MALDI-TOF MS in microbiology – Introduction of an innovative
physical technology into diagnostics

09:25 - 09:45

Mareike Wenning (Freising, Germany)
Identification and differentiation of food-related bacteria: A comparison
of FTIR spectroscopy and MALDI-TOF mass spectrometry

09:50 - 10:10

Ângela Novais (Porto, Portugal)
Going deep in the inter- and intraspecies differentiation of clinically
relevant bacteria by MALDI-ToF MS and FTIR

10:15 - 10:35

Jörg Rau (Fellbach, Germany)
MALDI-TOF MS and FT-IR for bacteria “from fish and chips”

10:40 - 11:10

Coffee Break

11:10 - 11:30

Werner Mäntele (Frankfurt/Main, Germany)
Photoaccoustic and photothermal infrared spectroscopy of skin:
Options for non-invasive glucose measurement
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11:35 - 11:55

Luca Quaroni (Kraków, Poland)
Mid-infrared spectro-microscopy of living cells: Quantitative studies of
reactions and metabolic networks

12:00 - 12:20

Tom Grunert (Vienna, Austria)
FTIR spectroscopy in host –pathogen interaction

12:25 - 12:45

Norman Mauder (Bremen, Germany)
Typing of bacteria via FT-IR spectroscopy – a complement for species ID
by MALDI TOF MS?

12:50 - 14:00

Lunch

14:00 - 14:20

Dirk Schulze-Makuch (Berlin, Germany, Pullman, USA)
Applications of Raman spectroscopy to astrobiological investigations

14:25 - 14:45

Janina Kneipp (Berlin, Germany)
Extending the capabilities of SERS in studies of cells

14:50 - 15:10

Phil Heraud (Clayton, Victoria, Australia)
Infrared spectroscopy: A new technique to understand the drivers of
Southern Ocean primary productivity

15:15 - 15:45

Coffee Break

15:45 - 16:05

Rainer Hillenbrand (Donostia-San Sebastian, Bilbao, Spain)
Nano-FTIR spectroscopy of individual protein complexes

16:10 - 16:30

Paul W. Bohn (Notre Dame, USA)
Chemical communication in microbial communities probed by correlated
Raman and mass spectrometric imaging

16:35 - 16:55

Max Diem (Boston, USA)
Cancer screening via infrared spectral cytopathology (SCP): Results for
the upper digestive tract

17:00 - 17:20

Final Discussion, Concluding Remarks
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Aim
The 2015 Workshop will continue the tradition of highlighting every two years the relevant
fields of applications of biomedical vibrational spectroscopy and will bring together scientists
using infrared and Raman spectroscopic techniques for the characterization and differentiation
of intact microbial, plant, animal or human cells to promote exchange of ideas, experiences,
and practical problem solutions. Following the lines of our last workshops in Berlin, major
points of discussion will be the progress in vibrational spectroscopic research, recent
applications in various fields of microbiology, bio-medicine and new technological
developments.

Organization
Dr. P. Lasch, RKI Berlin, phone: +49 30 18754 2259, e-mail: laschp@rki.de
Dr. J. Schmitt, Synthon GmbH, e-mail: schmitt@synthon-analytics.de
Dr. M. Wenning, ZIEL, TU München, e-mail: mareike.wenning@wzw.tum.de

Contact Address
Peter Lasch, Robert Koch-Institute, ZBS 6
Nordufer 20, 13353 Berlin, Germany

phone.: +49-30-18754 2259
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Sponsoring
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Abstracts of the Lectures

Sniffing out Bacteria: Non-invasive Volatile Organic Compound Analysis of
Patients with Ventilator Associated Pneumonia
Steve Fowler1, Maria Basanta-Sanchez1, Yun Xu2, Nik Rattray2, Paul Dark1 &
Roy Goodacre2
1

Manchester Academic Health Science Centre, and NIHR Respiratory and Allergy Clinical
Research Facility, University of Manchester, University Hospital of South Manchester,
Manchester, UK
2
School of Chemistry Manchester Institute of Biotechnology, University of Manchester, 131
Princess Street, Manchester, M1 7DN, UK
There is a continual need for analytical methods that are non-invasive and hence nondestructive to the sample under analysis. We consider a powerful bacterial typing method that
would have immediate patient benefit is to sample the volatile organic components, or
volatilome, that is produced by bacteria during growth within the host. As detailed in Fowler
[Surveillance for lower airway pathogens in mechanically ventilated patients by metabolomic
analysis of exhaled breath: a case-control study. Thorax 70 (2015), 320-325] healthcare
associated infections, including ventilator associated pneumonia, are difficult to diagnose and
treat, and are associated with significant morbidity, mortality and cost. This presentation will
detail some of our current steps towards measuring breath volatile profiles from individuals
undergoing ventilation on an intensive care unit. Once collected the aim was to classify the
patients based on their breath profiles and associate these human-microbial volatilomes with
the presence of clinically relevant pathogens in the lower respiratory tract.

Semi-automated Identification and Tracing of Food Related Microorganisms
by FTIR Spectroscopy
V. Shapaval1,2, J. Li3, K. Hovde Liland1, J. Schmitt4, R. Talintyre5, Z. Dagou3,
C. Fine Kure1, T. Møretrø1, A. Kohler2
1

2

Nofima Mat, Osloveien 1, 1430 Ås, Norway
Department of Mathematical Sciences and Technology (IMT), Norwegian University of Life
Sciences, Ås, Norway
3
School of Engineering & Computing Science, Durham University, South Road, Durham
DH1 3LE, UK
4
Synthon GmbH, Heidelberg, Germany
5
Labman Automation Ltd. UK

Fourier Transform infrared spectroscopy is an alternative method for rapid and reliable
identification and differentiation of microorganisms. In order to adapt the method to industrial
use, we have previously developed high-throughput miniaturized protocols for FTIR
spectroscopic characterization and tracing of food related microorganisms. The developed
protocols are based on micro-cultivation in liquid broth and allow the characterization of a
high number of microbial isolates in one analytical run of FTIR analysis. The high-throughput
protocols for moulds and yeast characterization are adapted for use in food industry and
analytical laboratories (1, 2).
In order to eliminate manual steps in the high-throughput protocol and in order to
automate the separation of the microbial biomass from the liquid media after microcultivation in microtiter plates and subsequent spotting on FTIR plates, a prototype of an
automated system was developed in the EU project FUST (R4SME, Fp7). The developed
prototype is an automated and high-throughput liquid handling system that can process up to
96 samples at once. Cultivation protocols and sample preparation for FTIR spectroscopy were
developed, in order to minimize the time of the total analysis and in order to increase the
efficiency and identification power and automation of all possible manual steps (washing,
sonication and spotting samples on IR plate) of the high-throughput protocol. The developed
prototype allows the preparation and analysis of 96 samples per hour.

Fig. 1. High-throughput identification and tracing system ‘Fust’
References
[1] V. Shapaval, J. Schmitt., T. Møretrø, H.P. Suso, I. Skaar., A.W. Åsl, D. Lilehaug, and A. Kohler,
Characerization of food spoilage fungi by FTIR. Journal of Applied Microbiology 114 (3), 788-796 (2013).

Infrared Spectroscopy for Fast Characterization of Fungi Important in
Hygiene and Agricultural Sciences Using Micro-techniques
Christoph Nagel,1 Arne Ükermann,1 Roderich Garmeister,2 and
H. Michael Heise1
1

Interdisziplinäres Zentrum für Lebenswissenschaften, Fachhochschule Südwestfalen,
Fachbereich Informatik und Naturwissenschaften, Frauenstuhlweg 31, 58644 Iserlohn,
Germany
2
Labor für Biotechnologie und Qualitätssicherung, Fachhochschule Südwestfalen,
Fachbereich Agrarwirtschaft, Lübecker Ring 2, 59494 Soest, Germany

Fungi play an important role within our environment. The mycelium of some species
produces extracellular enzymes that are capable to decompose even degradation-resisting
polymers and substances such as lignin, cellulose, various other carbohydrates, oil products,
pesticides and others. Fungi are also known for their involvement in various biochemical
processes. On the other hand, fungal pathogens such as Fusarium spp. can cause severe
diseases to various plants resulting in serious damage within a large number of crops and are
responsible for infections in humans or can be allergenic. Concerning hospital-acquired
infections, invasive fungal infections resulting from filamentous fungi, such as Aspergillus
spp., remain serious infections despite recent therapeutic progress. The risk of acquiring such
infections is especially relevant to immuno-compromised patients.
Conventional species identification is time-consuming and subjective, since it requires
culturing for several days and is based on the subjective assessment of morphological
characters. Culturing the pathogens on selective nutrient media, and morphology examination
of the fungal colony using an optical microscope is among the current classical methods used
for the detection and identification of fungi.
In contrast, Fourier transform infrared spectroscopy (FTIR) was used here to identify
and differentiate important fungal pathogens. IR-spectroscopy based methods are rapid by
using reagent-free nondestructive techniques, which require minimal technical training and
sample preparation. The analysis is usually not labour-extensive in comparison to existing
techniques that require advanced technical competence.1-3
FTIR measurements were performed either in the attenuated total reflection (ATR)
mode using a silverhalide-fiber coupled diamond micro-prism in combination with dry-film
preparation for ensuring good contact of the mycelium to the ATR-element or using the
potassium bromide micro-pellet method with small amounts of the dry fungus mycelium
(~100 µg) that was pestled with about 10 mg of KBr powder. Using these methods, the
infrared bands assigned to proteins, lipids and carbohydrates varied in wavenumber position,
intensity and line shape among the species studied. Since growth medium, cultivation method,
growth stage or strain degeneration may strongly influence spectral variability and
experimental reproducibility, so first of all, a standardized sample preparation was developed.
Based on such a protocol, spectral results using both measurement techniques will be
illustrated and discrimination by cluster analysis will be reported.
References
[1] D. McMullin, B. Mizaikoff, R. Krska, Anal. Bioanal. Chem. 407, 653–660 (2015).
[2] A. Salman, I. Lapidot, A. Pomerantz, L. Tsror, Z. Hammody, R. Moreh, M. Huleihel, S. Mordechai,
Spectroscopy: An International Journal 27 (5-6), 551–556 (2012).
[3] A. Salman, E. Shufan, L. Tsror, R. Moreh, S. Mordechai, M. Huleihel, Methods 68, 325–330 (2014).

Malaria Diagnosis Using ATR-FTIR Spectroscopy
Bayden R. Wood1, Phil Heraud1, David Perez-Guita1, Aazam Khoshmanesh1,
Patcharee Jearanaikoon2, Matthew W. A. Dixon3, Leann Tilley3 and Don
McNaughton1
1

Centre for Biospectroscopy, School of Chemistry, Monash University, 3800, Victoria,
Australia
2
Department of Clinical Chemistry, Faculty of Associated Medical Sciences, Khon Kaen
University, Khon Kaen 40002, Thailand
3
Department of Biochemistry and Molecular Biology and Bio21 Molecular, Science and
Biotechnology Institute, The University of Melbourne, Melbourne, Victoria 3010 Australia
Malaria is one of the most deadly diseases resulting in over 600,000 fatalities per annum.(1)
Accurate and early diagnosis followed by the immediate treatment of the infection is essential
in reducing mortality(2). New technologies to diagnose malaria must be cost effective and
have high sensitivity to enable the detection of premature parasitic forms in peripheral blood.
During the course of its life the malaria parasite transgresses through several developmental
stages including a sexual and an asexual reproductive pathway. The detection of the rings and
gametocytes at low parasitemia in peripheral blood is critical for early diagnosis and
treatment. Here we show that Attenuated Total Reflection-Fourier Transform Infrared (ATRFTIR) spectroscopy in combination with a partial least squares regression modeling 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% for laboratory cultured parasites.(3) The method is simple, quick and only requires
the whole blood to be spun down and the plasma and white cells removed. The red blood cells
are then fixed in methanol and a 5 μL aliquot of packed cells is placed on the diamond
window of the ATR-FTIR spectrometer, rapidly dried and a spectrum recorded in
approximately 20 seconds. In December 2014 we commenced a pilot trial in North East
Thailand investigating the potential of the technology to diagnose malaria in a field/clinical
setting. Samples were collected from two independent clinics and analysed with two
independent ATR-FTIR spectrometers. The results were combined and a Partial Least
Squares Discriminant Analysis (PLS-DA) model developed and tested on a totally
independent test set. Although the sample number was small 28 negatives and 81 positives
(including patients infected with P. falciparum, P. vivax and a mixture of both) the replicate
number was high as three aliquots for each sample were analysed. The percentage of correctly
diagnosed spectra based on comparison with antibody capture rapid diagnostic test (RDT)
was 97 %. The high sensitivity, low cost, ease of use, portability and robustness of the ATRFTIR technique could see it become a standard diagnostic tool in both the clinic and remote
field locations.
References
[1] C.J.L. Murray, L.C. Rosenfeld, S.S. Lim, K.G. Andrews, K.J. Foreman, D. Haring, N. Fullman, M.
Naghavi, R. Lozano, A.D. Lopez, Global malaria mortality between 1980 and 2010: a systematic analysis.
The Lancet 379, 413-431 (2011).
[2] K. Chotivanich, K. Silamut, N.P.J. Day, Laboratory diagnosis of malaria infection-A short review of
methods. New Zealand Journal of Medical Laboratory Science 61, 4 (2007).
[3] A. Khoshmanesh, M. W. Dixon, S. Kenny, L. Tilley, D. McNaughton, B. R. Wood, Detection and
Quantification of Early-Stage Malaria Parasites in Laboratory Infected Erythrocytes by Attenuated Total
Reflectance Infrared Spectroscopy and Multivariate Analysis. Analytical Chemistry 86, 4379-4386 (2014).

Stable Isotope (Resonance) Raman Microspectroscopic and SERS Analysis of
Single Microbial Cells
P. Kubryka, J. S. Kölschbachb, S. Marozavac,T. Luedersc, R. U. Meckenstockb,
R. Niessnera, N. P. Ivlevaa
a) Institute of Hydrochemistry and Chair for Analytical Chemistry, Technische Universität
München, Marchioninistr. 17, 81377 Munich, Germany
b) University of Duisburg-Essen, Biofilm Centre, Chair for Aquatic Microbiology,
Universitätsstr. 5, 45141 Essen, Germany
c) Helmholtz Zentrum München, Institute of Groundwater Ecology, Ingolstädter Landstr. 1,
85764 Neuherberg, Germany
Microorganisms living in diverse natural environments usually form communities, so called
biofilms [1], which are embedded in a hydrogel matrix of extracellular polymeric substances.
Because of their ubiquitous occurrence information about e.g. metabolic pathways and carbon
flows, especially at single cell level, is an important field of microbiological research.
Therefore a rapid analytical and nondestructive method for chemical characterization with
high spatial resolution and sensitivity is requested.
Stable isotope Raman microspectroscopy (SIRM) is an in situ nondestructive chemical
analysis in the µm-range, which enables molecular and isotopic characterization of microbial
cells. However, the quantum efficiency of 10-6 – 10-8 for the Raman effect and therefore the
sensitivity limits a broad applicability in environmental analysis. Though, a few methods can
be used to enhance the intensity of the Raman bands and shorten analysis times. For example
resonance Raman effects can be exploited when the microbial sample possesses resonance
Raman active substances such as cytochrome c [2]. Alternatively, surface-enhanced Raman
scattering (SERS) can be used if a molecule is attached to, or in immediate proximity to a
nanostructured metallic surface (e.g. Ag, Au). With this technique enhancement factors up to
1011 can be reached. Both methods enable a sensitive, reproducible and rapid SIRM analysis
of the isotopic labeling and molecular composition of microorganisms at single cell levels.
In our study [3] we explored the possibilities and limitations of SIRM in combination
with resonance Raman and SERS analysis of G. metallireducens and E. coli respectively.
First, with an acquisition time of only 6 seconds per single G. metallireducens cell, very
reproducible spectra with strong resonance Raman bands of cytochrome c could be measured.
Cultivation of G. metallireducens with 13C-acetate shows a significant red-shift of the
cytochrome c bands in comparison to 12C-G. metallireducens. Second, the SERS analysis of
E. coli cultivated with either 12C or 13C-glucose showed a very good reproducibility. Most
important, we found a very sharp band at 733 cm-1 in the spectra of 12C-E. coli cells which
can be assigned to adenine or adenine containing compounds. This marker band is clearly redshifted to 720 cm-1 in 13C-labeled E. coli cells and therefore, for the first time, a rapid
detection of stable isotope labeled E. coli cells and comparison with 12C-cells by means of
SERS becomes possible. These results can help to open new applications for Raman
microspectroscopy in understanding of different metabolic processes, which have not been
possible so far.
References
[1] S.S. Branda, A. Vik, L. Friedman, R. Kolter, Trends Microbiol. 13, 20-26 (2005).
[2] R. Paetzold, M. Keuntje, K. Theophile, J. Mueller, E. Mielcarek, A. Ngezahayo, and A. Anders-von
Ahlften, J. Microbiol. Methods 72, 241-248 (2008).
[3] P. Kubryk, J.S. Kölschbach, S. Marozava,T. Lueders, R.U. Meckenstock, R. Niessner, N.P. Ivleva, Anal.
Chem. 87, 6622-6630 (2015).

Evaluation of the Metabolomic Fingerprint of Human Embryo-spent-culture
Media by FTIR Spectroscopy: A Non-invasive Assessment of Embryo for in
vitro Fertilization (IVF) Technology
Cecilia Figoli1, Marcelo Garcea2, Mariana Gomez Peña2, Claudio Biscioli2, Fernando
Althabe3, Valeria Tafintseva4, Volha Shapaval4, Achim Kohler4,5, Juergen Schmitt6,
Osvaldo Yantorno1, Marcos Horton2, and Alejandra Bosch1*
1

CINDEFI-UNLP-CONICET, CCT La Plata, Facultad de Ciencias Exactas, UNLP, La Plata,
Argentina; 2PREGNA Medicina Reproductiva, Ciudad Autónoma de Buenos Aires,
Argentina; 3IECS, Instituto de Efectividad Clínica y Sanitaria, Ciudad Autónoma de Buenos
Aires Buenos Aires; 4Nofima, Centre for Biospectroscopy and Data modeling, Ås, Norway;
5
Department of Mathematical Sciences and Technology, Norwegian University of Life
Sciences, Ås, Norway; 6Synthon GmbH, Heidelberg, Germany

One of the greatest challenges in in vitro fertilization (IVF) is to improve pregnancy and
implantation rates, and decrease multiple pregnancy rates1. Even though important advances
have been made in embryo culture and patient care in the last decades, currently, IVF
efficiency is about 30 % per cycle, as not every embryo is competent enough to implant. In
order to improve the success rates, simultaneous transfer of multiple embryos are usually
performed. This strategy has nevertheless, led to an increased incidence of multiple
pregnancies resulting in serious health risks for the mothers, complications for neonates, with
also social and financial implications. Thus, a crucial step in the process is to perform a
proper embryo selection, in order to select a single, good quality embryo with high
implantation potential.
Embryo assessment is currently based on morphological characteristics evaluated at the end or
during the embryo culture period. Given the reported limitations of this assay, in recent years
research has focused in "OMICS" techniques, among which metabolomics (study of the
chemical prints produced during embryo development) has been the most widely investigated
approach. Associated with these studies the use of near-infrared (NIR) spectroscopy for the
analysis of embryo-culture supernatants has been extensively investigated. Nevertheless,
recent trials failed to show a consistent clinical benefit in improving pregnancy rates when
embryos were evaluated by NIR-metabolomics3. Considering this scenario, and that FTIR
spectroscopy has been used in the analysis of human fluids and medical diagnostics4, we
faced to study embryo metabolomics through FTIR spectroscopic analysis of 3-day-embryoculture supernatants.
The lecture presents our most recent developments in the study of the metabolic difference
between embryos that result in pregnancy against those that do not, with the aim to develop a
predictive non-invasive FTIR-based model for selection of the embryo with the highest
implantation potential.
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Endothelium plays an important role in cardiovascular system and regulates vascular
homeostasis and its dysfunction is involved in several lifestyle diseases.. The general aim of
the research is to find biochemical features of endothelial dysfunction that cannot be found by
other methods.
The comparison between various spectroscopic and microscopic techniques and their
advantages as well as limitations in biomedical samples analysis is presented. In particular, in
situ identification of selected compounds is discussed. Spectroscopic measurements are
combined with AFM, SNOM, histochemical staining and fluorescence microscopy, if
possible.
Confocal Raman spectroscopy and FT-IR imaging were used to monitor a molecular
composition occurring in a single live human aorta endothelial cell. Based on Raman
spectrum and using a chemometric approach it is possible to investigate biochemical changes
induced by stress or pharmacological treatment. Generally, FTIR spectroscopy measurement
in transmission is realized at the resolution of several microns, but with an objective of higher
magnification the subcellular studies can be successfully performed.
Raman spectroscopy applied for cells isolated from the liver tissue enabled their specific
characterization. In addition, this methodology can support other approaches for tracking
changes at the cellular level due to pathology development. Here, an application of Raman
confocal mapping for studies of cells isolated from healthy mice liver is shown. Hepatocytes,
HSC, Kupffer and endothelial cells were identified and subjected for the further studies. With
the use of chemometric tools we present a complex spectral characteristic of each investigated
cell.
Atomic Force Microscopy (AFM) and Scanning Near-field Optical Microscopy (SNOM) are
techniques providing images of structures (also biological materials) with nanometric optical
resolution (about 50-60 nm) and topographic information at the same time. In this work the
capabilities of both, AFM and SNOM in transmission configuration, to image endothelial
cells are shown.
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Looking Inside Single Cells and Tissue Using
Nanoscale Infrared Spectroscopy
Curtis Marcott a, Eoghan Dillon b, Qichi Hu b, and Kevin Kjoller b
a
b

Light Light Solutions, Athens, GA, USA
Anasys Instruments, Santa Barbara, CA, USA
Abstract

Infrared (IR) spectroscopy is a powerful tool for obtaining chemical information about
materials. Unfortunately, the wavelength of light used to make the measurement limits the
size of structures that can be reliably identiﬁed by IR spectroscopy. Diﬀraction typically
limits the spatial resolution of IR microspectroscopy to 3-10 µm, making this technique
problematic for identifying small structures in samples such as tissue sections and single cells.
Atomic force microscopy (AFM), on the other hand, provides exquisite spatial resolution (as
small as one nanometer), but this technique does not provide any chemical information. A
new technique which combines AFM and IR spectroscopy is described. It is based on the
combination of a tunable infrared laser with an atomic force microscope that can locally map
and measure thermal expansion of nanoscale regions of a sample resulting from the
absorption of infrared radiation. Because the AFM probe tip can map the thermal expansion
on very fine length scales, the AFM-IR technique provides a robust way to obtain
interpretable IR absorption spectra at spatial resolution scales well below the diffraction limit.
Several types of tissue samples, including hair, skin, and bone cross sections have been
examined by AFM-IR spectroscopy and imaging. The technique has also been shown to be
useful for chemically characterizing structures inside single cells and for identifying
secondary structure and orientation of sub-micrometer-diameter protein fibers.

Resonance Enhanced AFM-IR: On the Way to Single Molecule
A. Dazzi*, J. Mathurin*, A. Deniset-Besseau*
*Laboratoire de chimie Physique, Université Paris-Sud, 91405 Orsay - France
Resonance Enhanced AFM-IR, is a new generation of AFM-IR technique [1] allowing
analysis of nanoscale samples by changing the IR source. With this new configuration, the
sensitivity and the spatial resolution of the AFM-IR technique is significantly increased.
Imaging of self-assembled monolayers was realized [2] proving the high sensitivity and
resolution of this new technique which is achieved by measuring molecular expansion using
force detection.
We present the experimental set-up and some of the critical technical sides and then illustrate
technological advances with proteins spectra obtained on different biomaterials: first of all
Streptomyces, a soil bacterium, whose mycelium evolves from basal to aerial state with an
autophagy process. The result of such a process is to find ghosts inside the cell culture which
are ʺempty filamentsʺ composed only of cell walls and membranes. The resonance enhanced
technique will allow us to detect the proteins by their infrared spectra directly on the ghost
filament. Secondly in order to emphasize the sensitivity gain obtained with the new
configuration, we will present results obtained on collagen I. The aim is to look at degradation
process at the fibrils scale.
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New Insights into Individual Amyloid Aggregates Structure by Infrared
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Amyloids are insoluble proteins aggregates implicated in the onset of several
neurodegenerative disorders, such as Alzheimer’s, Huntington’s and ataxia diseases. During
aggregation, monomeric proteins undergo internal structural rearrangement forming amyloid
fibrils with a universal cross β-sheet quaternary structure. This structure is independent by the
monomeric initial native protein and it is the fingerprint of the onset of the related disease.
Infrared nanospectroscopy (nanoIR) is an innovative tool that exploits the combination of two
techniques commonly used to study protein aggregation: Atomic Force Microscopy (AFM)
and infrared spectroscopy (IR). The first can provide information on the morphology and
mechanical properties of the species formed along the aggregation pathway, the second can
characterize conformational changes in protein secondary structure. Although useful, these
conventional techniques do not tell us separately if/at which time point misfolding occurs, nor
what is the secondary structure of the individual species. Their combination, in infrared
nanospectroscopy, enables a structural characterization at the nanoscale of the ultrastructural
properties of amyloids through the acquisition of nanoscale chemical IR maps or spectra.
First, we could characterize at the individual aggregate scale the conformational
rearrangements of proteins during their misfolding and aggregation. Furthermore, combining
nanoIR with conventional AFM nanomechanical mapping, we correlated the secondary
structure of amyloid intermediates and final aggregates to their nanomechanical properties.
Our results directly demonstrated, for the first time at the individual amyloid species scale,
that the increase of β-sheet content is a fundamental parameter determining amyloids intrinsic
stiffness.1,2 As next step, we structurally characterized single huntingtin amyloid fibrils as a
function of the length of their mutated polyglutamine (polyQ) stretch. The results
demonstrated that fibrils with higher polyQ content had a higher quality (i.e. intermolecular
hydrogen bonds) of amyloidogenic β-sheet structure. Finally, it was shown that it exists a
direct correlation between huntingtin polyQ stretching size and age of Huntington’s disease
onset. Thus, this data strongly suggests the structure improvement as one of the main factors
causing toxicity above the polyQ pathogenic threshold for the disease onset.
Elucidating the structural properties of amyloidogenic proteins is essential for the unraveling
of the molecular basis of their function in health and disease. Indeed, the improved structure
could be more efficient in damaging cellular membranes, in sequestrating transcription
factors, thus impairing the transcription of essential genes or could more easily overwhelm the
ubiquitin-proteasome system, leading to its failure. The comprehension of these mechanisms
is central to develop new pharmacological approach to neurodegenerative disorders.
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Abstract
Defence against the use of bacterial biological warfare agents (BWAs) 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.
This paper will first of all discuss the use of spectroscopy combined with pattern recognition
algorithms and its use for detecting surface deposited BW simulants and the impact of
environmental conditioning of these simulants on the spectroscopic signatures and pattern
recognition models. The temperature and humidity conditions used are within the ranges
prescribed in the Ministry of Defence Standard on Natural Environments and measurements
from Camp Bastion, Afghanistan.
A major consequence of bacterial infection is the development of sepsis within humans.
Sepsis is traditionally defined as a systemic inflammatory response syndrome (SIRS) in
response to infection which, when associated with acute organ dysfunction, may ultimately
cause severe life-threatening complications [3]. It is a major cause of morbidity and mortality
with over 19 million cases worldwide. Current diagnosis of sepsis is based on non-specific
clinical signs (e.g. body temperature, heart rate) and positive identification of the causative
agents of infection. Rapid pre-symptomatic detection of sepsis would enable the early
administration of therapeutics, maximising their effect and minimising the impact of the
serious disease caused by BW agents. We will also discuss the use of Fourier transform
infrared to examine and discriminate patients diagnosed with sepsis, SIRS and control
samples over different time periods.
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Detection of Mycoplasma with SERS
Current Laboratory Results and Progress Towards Clinical Applications
R. A. Dluhy
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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. This presentation will describe the use of
these nanofabricated arrays in conjunction with SERS for direct detection of the respiratory
pathogen Mycoplasma pneumoniae. An overview of the challenges and successes that have
marked progress toward a real-time SERS-based diagnostic platform for these bacteria is
described, as well as strategies employed to address future clinical applications.

Label-free Detection of Single Cell Phenotype
Using Raman Micro-spectroscopy
Wei Huang
University of Oxford, wei.huang@eng.ox.ac.uk
Single cell biology is a high resolution biology which will open a new frontier for
understanding the basic functional unit of life and usher potential application to cancer
diagnosis and new gene discovery. Single cell Raman spectra (SCRS) can be regarded as a
phenotypic fingerprint of individual cells which can be used to characterise cell type, physiological
state and cell functionalities. SCRS has been successfully applied to the study of cancer cells and stem
cells. We have also developed Raman activated cell sorting (RACS) and Raman activated cell

ejection (RACE), which sort cells according to their Raman spectra. SCRS and RACS will
revolutionise our ability to study single cells in their native states and pave the way for single
cell ‘-omics’ including genomics, transcriptomics, proteomics and metabolomics.
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Spectroscopic Characterization of Infections: Identification, Localization and
Antibiotic Susceptibility of the Pathogen
Ulrich-Christian Schröder 1,2, Johanna Kirchhoff 1,5, Christina Große 1,
Claudia Beleites 2, Peter Schlattmann 3, Wolfgang Pfister 4, Jürgen Popp 1,2,5,6,
Ute Neugebauer 1,2,6
1

Center for Sepsis Control and Care, Jena University Hospital, Germany
2
Leibniz Institute of Photonic Technology, Jena, Germany
3
Institute of Medical Statistics, Computer Sciences and Documentation, Jena University
Hospital, Germany
4
Institute of Medical Microbiology, Jena University Hospital, Germany
5
Institute of Physical Chemistry and Abbe Center of Photonics, Friedrich Schiller
University, Germany
6
InfectoGnostics Forschungscampus Jena, Germany
Successful treatment of infection relies on timely identification of the focus, the pathogen and
its antibiotic resistance pattern in order to select the appropriate antibiotic treatment as early
as possible. Raman spectroscopy as a label-free and non-destructive technique is highly
suitable to speed up the time-consuming characterization of infection. Cultivationindependent Raman-based identification methods directly from body fluids require capturing
of the bacteria from the dilute suspensions. Two approaches are demonstrated: one using
dielectrophoretic forces, the second utilizing centrifugal forces on lab-on-disc microfluidic
platforms. With both approaches pathogens can be identified directly from patient’s urine
samples within a few minutes (35 min with the dielectrophoresis approach [1] and 70 min
using the CD microfluidics [2]).
In times of rising antibiotic resistances, rapid and at the same time highly accurate antibiotic
susceptibility testing is also of utmost interest. Exemplarily the spectroscopic analysis of the
drug-target interactions of vancomycin, a glycopeptide antibiotic, with enterococci is
presented. Changes in the bacterial Raman spectra due to antibiotic treatment can be
identified already after 30 minutes of treatment. [3] Results from this study have been
implemented in an algorithm for the detection of vancomycin resistant enterococci (VRE)
within less than 3.5 hours [4].
Not always bacteria are residing in body fluids, but they can hide within cells. Those intracellular infections are difficult to diagnose and to treat. An advanced Raman-based approach
is presented to localize and characterize intracellular Staphylococcus aureus in three
dimensions without the need of any external label. [5]
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MALDI-TOF MS in Microbiology –
Introduction of an Innovative Physical Technology into Diagnostics
Markus Kostrzewa
VP of Clinical Mass Spectrometry R&D, Bruker Daltonics
Routine identification of microorganisms for decades was based on investigation of their
biochemical properties, in clinical diagnostics as well as in other fields like veterinary or
pharmaceutical microbiology. These tests have been developed from home-brew and fully
manual procedures to mostly automated assays, supplied and supported by diagnostic
companies, with automated result transfer into laboratory information systems. Still, these
assays kept to be limited in accuracy and slow, with results after several hours for fast
growing bacteria up to several days for fastidious ones.
In 1996, several publications reported the successful and simple identification of microbes
using MALDI-TOF mass spectrometry. Although this seemed to be a revolutionary
development the novel approach stayed in the mass spectrometry community for a long time,
and it took more than a decade until it reached clinical routine. In 2008/2009, the first clinical
microbiology routine laboratories started to validate the technology and introduced it into
their routine practice. The success in these laboratories caused a revolution which changed the
work of microbiology laboratories and the expectations of their customers. Results are
available in minutes now with an accuracy and systematic resolution which is in the range of
molecular methods. New applications are being developed which might further add value in
routine diagnostics. The number of laboratories using MALDI-TOF mass spectrometry for
microorganism identification is increasing from hundreds to thousands today.
The talk will describe the technology and how it was introduced into routine laboratories,
including the hurdles that had to be overcome. Its status of today as well as an outlook about
further potential developments will be given. MALDI-TOF mass spectrometry in
microbiology might act as a “blueprint” for other modern technologies, e.g. optical
technologies to enter the diagnostic field.

Identification and Differentiation of Food-related Bacteria: A Comparison of
FTIR Spectroscopy and MALDI-TOF Mass Spectrometry
Franziska Breitenwieser, Stefanie Berthold, Mareike Wenning
Lehrstuhl für Mikrobielle Ökologie, Zentralinstitut für Ernährungs- und
Lebensmittelforschung (ZIEL), Technische Universität München, Freising, Germany
The food industry requires easy, accurate, and cost-effective techniques for microbial
identification to ensure safe products and identify microbial contaminations. In this work,
FTIR spectroscopy and MALDI-TOF mass spectrometry were assessed for their suitability
and applicability for routine microbial diagnostics of food-related microorganisms by
analyzing their robustness according to changes in incubation time and medium, identification
accuracy and their ability to differentiate isolates down to the strain level [1]. For MALDITOF MS the microflex LT spectrometer (Bruker Daltonics, Bremen, Germany) and the
MALDI Biotyper 3.0 database were used. FTIR spectroscopy was done using a Tensor 27
spectrometer coupled to the HTS-XT high-throughput device (both Bruker Optics, Ettlingen,
Germany) and spectra were identified using the in-house database of the Technical University
Munich.
Changes in the protocol lead to a significantly impaired performance of FTIR spectroscopy,
whereas they had only little effects on MALDI-TOF MS. Identification accuracy was tested
using 174 food-related bacteria (93 species) from an in-house strain collection and 40 fresh
isolates from routine food analyses. For MALDI-TOF MS, weaknesses in the identification of
bacilli and pseudomonads were observed; FTIR spectroscopy had most difficulties in
identifying pseudomonads and enterobacteria. In general, MALDI-TOF MS obtained better
results (52-85% correct at species level), since the analysis of mainly ribosomal proteins is
more robust and seems to be more reliable. FTIR spectroscopy suffers from the fact that it
generates a whole-cell fingerprint and intraspecies diversity may lead to overlapping species
borders, which complicates identification. In the present study values between 56% and 67%
correct species identification were obtained. Using fresh isolates from routine diagnostics,
both techniques performed well with 88% (MALDI-TOF) and 75% (FTIR) correct
identifications at species level, respectively.
On the opposite, the high sensitivity of FTIR spectroscopy may also be an advantage, as it
offers the opportunity of typing below the species level. This is of major importance for
epidemiologic studies and the tracing of contamination routes. Using the Biotyper software,
MALDI-TOF MS was not able to discriminate different strains of the same species, whereas
this was achieved rather easily using FTIR spectra and hierarchical cluster analysis. However,
with the use of a different type of software (ClinProTools) it was possible to exploit also
MALDI-TOF spectra for strain typing purposes.
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Going Deep in the Inter- and Intraspecies Differentiation of Clinically
Relevant Bacteria by MALDI-TOF MS and FTIR
Ângela Novais
REQUIMTE@UCIBIO. Faculty of Pharmacy, University of Porto, Porto, Portugal
Identification of particular pathogenic and/or multidrug resistant species and bacterial
lineages is critical for clinical management and infection control in the hospital setting. In the
last decades, these taxonomic units have been increasingly defined and detected by DNAbased methods, which, despite significant improvements, lack sufficient speed and resolution
or are not thoroughly accessible.
Alternatively, matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF MS) and Fourier-Transform Infrared Spectroscopy (FTIR)
revealed to be promising high-throughput analytical methods in a plethora of applications in
clinical microbiology and biomedical research, including bacterial identification at the species
level. More recently, their potential for resolution of closely related bacterial species
(Acinetobacter baumannii complex), clinically relevant clones (within Acinetobacter
baumannii, Escherichia coli, Klebsiella pneumoniae) or subclonal variants (within
Escherichia coli) was demonstrated by analysis of particular cellular fractions by multivariate
data analysis (1-4). The discriminatory potential of these methods is preferentially linked to
the content in peptides/proteins (MALDI-TOF MS) or carbohydrates (FTIR) corroborating
genomics data, and is associated with variable resolution for the different bacterial species.
Interestingly, besides the taxonomic interest, these methods provided insights into key
biomolecules associated with bacterial evolution, virulence or other adaptive features.
We are certainly at the beginning of an exciting era, where the application of
technologies with higher sensitivity, accuracy and resolution and more sophisticated
bioinformatics tools to bacterial characterization will potentiate global and integrative
approaches with the potential to revolutionize the speed of clinical diagnosis and the
knowledge on the pathophysiology of bacterial pathogens.
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MALDI-TOF MS and FT-IR for
Bacteria “from fish and chips”
Jörg Rau, Matthias Contzen
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Schaflandstr. 3/2, 70736 Fellbach, Germany
The task of state food laboratories is the routine analysis of food samples, which are to some
extent associated with 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 (CVUAS) integrates both laboratory parts. In
both sectors microbial analyses are time-critical, requiring a high degree of accuracy.
The introduction of FT-IR in our laboratory twelve years ago, and the purchase of MALDITOF MS in 2012 changed our workflow for differentiation of microorganisms significantly.
Now, MALDI-TOF MS carries the brunt of decisions on species level, while FT-IR analyses
are mainly focused on subspecies-decisions and isolate comparisons.
Giving various examples from our laboratory practice, the effectiveness of the powerful
combination of MALDI TOF MS and FT-IR is shown:
Initially, the abnormalities in infrared-spectra of suspicious Bacillus CVUAS 2979, isolated
from mashed potatoes during the investigation of a food borne outbreak, led to an intensive
follow-up study. The uncharacteristically small growing colonies at 30°C were included in the
description of Bacillus (B.) cytotoxicus [1], a thermotolerant member of the B. cereus Group,
featuring the cytK1 gene for cytotoxin K1 production. Now B. cytotoxicus is an established
parameter in our microbiology department. The straightforward spectroscopic workflow
allowed us to perform a first prevalence study in various potato products, showing high
prevalence of B. cytotoxicus in dehydrated potato products and products made thereof [2].
The flexibility of the method combination allows for a rapid response to novel challenges or
exotic requests. Without previous experience with the causative agent, Moritella viscosa, it
was possible to support the investigation of cases of winter ulcer of marine fish in Iceland,
which causes increasingly significant damage in aquacultures of salmon and other edible fish.
Yersinia ruckeri is the prominent bacterial pathogen of salmonids (rainbow-trout, brown
trout) worldwide, causing red mouth disease [3]. After species differentiation by MALDITOF MS, infrared-spectroscopy helped to select Yersinia isolates for the production of pondspecific vaccines.
The combination of MALDI-TOF MS and FT-IR improved our microbiological diagnosis in
speed and reliability to a degree that was not accessible with usual standard tools. This opens
up many options for application in routine microbiology, notably under the aspect of very
limited research resources.
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Photoaccoustic and Photothermal Infrared Spectroscopy of Skin:
Options for Non-Invasive Glucose Measurement
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Mid-Infrared spectroscopy has proven to be highly specific for the spectroscopic analysis of
body fluids, cells and tissues. With the advent of the quantum cascade laser (QCL) in the late
nineties, powerful narrow-band single wavelength IR emitters, multi-wavelength sources, 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 or photothermal detection.
The lecture presents our most recent developments in QCL applications for the measurement
of skin parameters and body fluids in vitro and in vivo in comparison with FT-IR experiments.
Photoacoustic detection methods with ultrasound resonance cells [1,2] and novel
photothermal detection methods [3, 4] are described that are optimized for pulse frequencies
and pulse energies of QCLs and that open the possibility for the depth-selective analysis of
skin layers.
Probably the most attractive application is the use of QCLs and photoacoustic/photothermal
detection for the non-invasive measurement of glucose in skin for diabetes patients. Glucose
exhibits a highly specific molecular fingerprint in the MIR around 8-11 µm which can be
easily used for the reagent-free quantitative analysis of glucose (and other substances) in
blood or other body fluids. The lecture will describe the photoacoustic and photothermal
detection principles, the depth-selective analysis of skin, the physiochemical background, the
technical realization, and the validation of this method on diabetes patients. Further
biomedical applications of MIR technology will be discussed.
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Mid-Infrared Spectro-Microscopy of Living Cells: Quantitative Studies of
Reactions and Metabolic Networks
Luca Quaroni
Functional Genomics Center Zurich, Switzerland, and Institute of Nuclear Physics,
Kraków, Poland
Over the last two decades mid-infrared spectromicroscopy has seen increasing
application into the study of cells and tissue due to its sensitivity to the molecular properties
of the sample. Recently, developments have focused on the possibility to use of the technique
to characterize biochemical reactions in living cells. [1]
The main challenge in vibrational spectroscopy studies of living cells is the
complexity of the spectra, which involve hundreds of overlapping absorption bands from all
the cellular components present at detectable concentrations. Our current work is focused on
the analysis of the relative contribution of small-molecule metabolites to the spectra of cells
and tissue. We address specifically the glycolytic metabolism of cancer cells. Several
metabolites involved in glycolysis are identified by using an approach that we call Correlated
Cellular Spectro-Microscopy (CSM). [2] The results show the limitations of current
interpretative schemes that rely on a small number of macromolecules for band assignment.
We now extend this analysis to the two-dimensional case by performing IR imaging
on single cells and cell clusters. The result is the variation of metabolite concentration in time
and space across the sample. The molecular detail obtained from this analysis allows its use in
evaluating the pharmacological effect of inhibitors of glycolytic enzymes with potential
consequences for in vitro drug testing. Finally, we highlight the consequences of a
spectroscopic analysis of cellular metabolites on the spectral histopatological applications of
infrared microscopy.
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FTIR Spectroscopy in Host –Pathogen Interaction
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Bacterial pathogens have developed a variety of strategies to circumvent, resist or counteract
host immune responses. The knowledge about the underlying mechanism employed by a
particular pathotype is important to develop a targeted prevention and/ or therapeutic strategy.
We aimed to decipher the suitability of Fourier Transform Infrared (FTIR) spectroscopy for
monitoring metabolic adaptations of bacterial pathogens during the progression of infection to
gain novel insights into the host-pathogen interaction.
Staphylococcus aureus frequently causes chronic and persistent infections in humans and
animals. Since, loss of capsular polysaccharide expression was shown to be an important
feature associated with S. aureus persistence, we developed a high-throughput method for
discrimination of capsule expressing (serotype 5 and 8) and non-expressing S. aureus strains
[1]. Based on the new capsule polysaccharide typing system we investigated persistence,
transmissibility, and host adaptive changes during S. aureus intramammary infection in dairy
cattle. Several distinct biotypes were identified at the individual and herd level, which showed
typical phenotypic features linked to bacterial chronicity including biofilm formation.
Furthermore, we recently demonstrated the method’s power for studying bacterial host
adaptation on a macromolar and metabolic level. We found that specific bacterial biotypes of
Streptococcus uberis correlate with the uterine health status of the cows [2] and showed that
FTIR spectroscopy is able to differentiate between Listeria monocytogenes derived from
different mouse genetic backgrounds that differ in their susceptibility to infection, suggesting
a revertible metabolic adaptation of bacteria to host environment [3].
In summary, biotyping by FTIR spectroscopy is a promising tool for tracking a bacterial
phenotype in the infected host and provides novel insights into the progression of infection
and host adaptive processes.
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Typing of Bacteria via FT-IR Spectroscopy
– a Complement for Species ID by MALDI TOF MS?
Norman Mauder, Markus Kostrzewa
Bruker Corporation, Fahrenheitstr. 4, 28359 Bremen, Germany
Since the 1990s numerous studies showed that vibrational spectroscopy can be a valuable tool
for analyzing microorganisms at species level and even below. The analysis via FT-IR
spectroscopy is an easy to perform, universally applicable and economical method. It could
help to subtype microorganisms and/or track contamination routes and therefore be a valuable
asset for routine microbiology laboratories in the clinical, pharmaceutical, food and veterinary
sector. Despite this promising perspective FT-IR spectroscopy up to now isn't a widespread
used method in the routine laboratories.
MALDI TOF MS on the other hand is now a well-established and accepted method for
species identification of microorganisms. It is fast and robust and like FT-IR needs pure
cultures to start with, but shows much more tolerance regarding the cultivation conditions of
the sample. Though there are some studies that show a certain discrimination power of
MALDI TOF MS below species level, these are often the result of cumbersome peak picking
which cannot be automated in the moment.
The idea to complement the species identification via MALDI TOF MS by the subtyping
capabilities of FT-IR spectroscopy suggests itself.
Because typing via FT-IR spectroscopy is very sensitive to changes in the sample cultivation
and preparation process one has to make sure that protocol and hardware lead to reliable and
reproducible results while still being acceptable for routine use. This presentation will give an
overview of our latest experiments regarding the influence of various cultivation, preparation
and measurement parameters. The reproducibility of measurement results from lab to lab of
one fixed protocol was evaluated in a multi-center study with isolates of the species
Staphylococcus aureus and Klebsiella pneumoniae.
The discrimination power – that must be competitive with other available (molecular) typing
methods – was evaluated with several clinically relevant bacteria like Acinetobacter
baumannii, Pseudomonas aeruginosa and vancomycin resistant enterococci (VRE).
Furthermore serotyping of Legionella pneumophila was tested.

Applications of Raman Spectroscopy to Astrobiological Investigations
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The applications for Raman spectroscopy are broad. In the research area of astrobiology they
include life detection and the monitoring of biological changes over time. Indications of life
include the detection of Raman spectral features in the CH-stretching region around 2800 cm1
and the detection of Raman spectra of organic compounds such as carotene and certain
mineral products, which can be used as a signature of former and recent biological activity.
Raman spectroscopy has the advantage that no sample preparation has to be done, which is a
critical point for space missions such as the ExoMars rover, on which a Raman spectrometer
is planned to be mounted. With Raman spectroscopy spectral changes can be monitored that
are indicative of changes in the chemical composition of a cell over time. Further, changes in
the cell composition can be detected which correlate to morphological modifications. The
detection of biological changes has not only been shown in the laboratory setting, but also in
space experiments such as BIOMEX.

Extending the Capabilities of SERS in Studies of Cells
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Daniela Drescher, Fani Madzharova, Stephan Seifert
Department of Chemistry, Humboldt-Universität zu Berlin, Brook-Taylor-Str. 2,
12489 Berlin, Germany
Surface-enhanced Raman scattering (SERS) enables us to obtain spectra from molecules that
are in the close proximity of gold or silver nanostructures, at high sensitivity and with
nanoscopic lateral resolution. This has been exploited to monitor cellular biomolecules, or to
obtain spectral signatures of molecules that are brought into cells or other complex biological
systems. Since the signals that can be obtained in SERS strongly depend on the interaction of
a molecule with the nanostructures, SERS is particularly useful to monitor nano-bio
interactions.
The strong dependence of the optical properties of the nanostructures on the interactions
in/with a biomatrix has implications for the development of SERS as a tool for single cell
probing. As we will show here, the high sensitivity with regard to the plasmonic properties of
the metal nanoparticles inside the biological system must be considered, and the efficiency of
the SERS probes must be evaluated. It can be assessed by combining information about the
SERS characteristics with spatially resolved nanoaggregate quantification, and with studies of
the nanoaggregate morphologies.[1] We will show such results for a variety of different
plasmonic structures and for composite materials with a plasmonic component. Furthermore,
we will discuss how the SERS data can be used for sample identification and classification in
spite of the high fluctuations of SERS signals and preparation specifics in some biosamples.
[2].
In addition to mere detection of molecules, SERS can monitor the molecular interactions at
the surface of the metal nanostructures. We have recently seen that two-photon excited SERS,
surface-enhanced hyper Raman scattering (SEHRS) is particularly sensitive to the interaction
of molecules with the surface of silver nanoparticles.[3] This can be used to construct new
SERS probes for studies of cells.
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Infrared Spectroscopy: A New Technique to Understand the Drivers of
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P. Heraud1,4, O. Sackett1,2,4, K. Petrou2, L. Armand3, P. Ralph2, J. Beardall1,4
1

School of Biological Sciences, Monash University, Victoria, Australia
Aquatic Processes Group, University of Technology, Sydney, New South Wales, Australia
3
Department of Biological Sciences and Climate Futures, Macquarie University, New South
Wales, Australia
4
Centre for Biospectroscopy, School of Chemistry, Monash University, Victoria, Australia
2

Each year, marine phytoplankton (unicellular microalgae) convert ~50 Tg of inorganic carbon
into organic matter. This massive quantity of organic carbon, which is approximately equal to
carbon assimilation by all the terrestrial rainforests on earth, provides nutrition and energy to
marine food webs and is known as primary productivity. At present estimations of oceanic
primary productivity are quite crude limited to biomass determination using a combination of
satellite chlorophyll fluorescence imaging and ground based turbidity measurements. These
current measurements lack definition in terms of quantifying species composition within the
phytoplankton blooms nor do they define the physiological status of the different species and
how this is affecting carbon uptake and partitioning of carbon within cells. Infrared
spectroscopy is a powerful new tool in this area of research having potential for both species
identification and characterisation of physiological responses of living phytoplankton to the
environment in terms of carbon partitioning at the single cell level [1]. A significant
breakthrough in this context is the modelling of infrared spectroscopy against 13C uptake in
cells and mass spectroscopy measurements of carbon and nitrogen to perform "snapshot"
predictions of primary productivity and macromolecular composition based on single infrared
measurements [2].
We have been extending this knowledge obtained from the laboratory to the field [3].
Enhanced supply of nutrient-rich waters along the coast of the subantarctic Kerguelen Island
provided a valuable opportunity to examine the responses of phytoplankton to natural Fe
enrichment. Synchrotron radiation -FTIR microspectroscopy enabled the analysis of
individual diatom cells from mixed communities of field-collected samples, thereby providing
insight into responses to changes in Fe availability. Phenotypic responses were taxon-specific
in terms of intraspecific variability and changes in proteins, amino acids, phosphorylated
molecules, silicate and carbohydrates. Data pooled across all measured taxa showed different
patterns in macromolecular composition compared to those for individual taxon underscoring
the value of the single cell analyses.
The field research has been extended recently to in-situ measurements on board ship
during the maiden voyage of the Australian Marine National Facility research vessel
Investigator in the Southern Ocean. Sequential size fractionation filtration methods
concentrated phytoplankton samples from ocean water obtained during transects across
nutrient upwelling eddies, with deposition of samples onto filters composed from pure silver
for ATR-FTIR spectroscopy.
References
[1] O. Sackett, K. Petrou, B. Reedy, A. De Grazia, R. Hill, M. Doblin, J. Beardall, P. Ralph, P. Heraud, Plos
One 8, 1-12 (2013).
[2] O. Sackett, K. Petrou, B. Reedy, R. Hill, M. Doblin, J. Beardall, P. Ralph, P. Heraud, ISME Journal
http://dx.doi.org/10.1038/ismej.2015.123 (2015)
[3] O. Sackett, L. Armand, J. Beardall, R. Hill, M. Doblin, C. Connelly, J. Howes, B. Stuart, P. Ralph,
P. Heraud, Biogeosciences 11, 5795-5808 (2014).
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We introduce the mapping of protein structure with 30 nm lateral resolution and sensitivity to
individual protein complexes by infrared scattering-type scanning near-field optical
microscopy (IR s-SNOM) and Fourier transform infrared nanospectroscopy (nano-FTIR). sSNOM and nano-FTIR are based on recording the infrared light scattered by a metallized
atomic force microscope tip probing the sample surface. We present and discuss
local broadband spectra of individual viruses, ferritin complexes, purple membranes and
insulin aggregates, which can be interpreted in terms of their alpha-helical and/or betasheet structure [1]. Applying nano-FTIR for studying insulin fibrils, we find clear evidence
that 3-nm-thin amyloid-like fibrils contain a large amount of alpha-helical structure. NanoFTIR spectra of one ferritin complex demonstrate extraordinary sensitivity to ultra-small
amounts of material, about 1 attogram of protein, respectively 5000 C=O bonds.
By further sharpening the tips and optimizing their antenna performance, we envision single
protein spectroscopy in the future, paving the way to a new era in infrared bio-spectroscopy.
We foresee manifold applications, such as studies of conformational changes in
amyloid structures on the molecular level, the mapping of nanoscale protein modifications in
biomedical tissue or the label-free mapping of membrane proteins.
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Chemical Communication in Microbial Communities Probed by Correlated
Raman and Mass Spectrometric Imaging
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Correlated chemical imaging is an emerging strategy for acquisition of images by combining
information from multiplexed measurement platforms to track, visualize, and interpret in situ
changes in the structure, organization, and activities of interesting chemical systems,
frequently spanning multiple decades in space and time. Acquiring and correlating
information from complementary imaging experiments has the potential to expose complex
chemical behavior in ways that are simply not available from single methods applied in
isolation, thereby greatly amplifying the information gathering power of imaging
experiments. However, correlating image information across platforms presents a number of
challenges. First, signals are obtained from disparate experiments with fundamentally
different figures of merit, including pixel size, spatial resolution, dynamic range and
acquisition rates. In addition, images are often acquired on different instruments in different
locations, so the sample must be registered spatially so that the same area of the sample
landscape is addressed. The signals acquired must be correlated in both spatial and temporal
domains, and the resulting information has to be presented in a way that is readily understood.
We are exploring the potential of heterocorrelated mass spectrometric (MS) and confocal
Raman microscopy (CRM) chemical imaging, targeted to problems in microbial community
development. This talk will center on the use of correlated CRM-MSI to understand the
community behavior of Pseudomonas seruginosa and will illustrate how integrating the tools
of modern molecular/cellular biology with advanced chemical imaging concepts can yield
heretofore unknown (and unknowable) features of the collective behavior of bacteria.

Cancer Screening via Infrared Spectral Cytopathology (SCP): Results for the
Upper Digestive Tract
Max Diem
Department of Chemistry and Chemical Biology, Northeastern University, Boston, MA USA
Instrumental advances in infrared micro-spectroscopy have made possible the observation of
individual human cells at acquisition rates that allow the construction of large datasets. The
observed spectra represent a snapshot of the biochemical composition of a cell; this composition varies subtly but reproducibly with cellular effects such as progression through the cell
cycle, cell maturation and differentiation, and disease.
The aim of this summary is to provide a synopsis of the progress achieved in infrared spectral
cytopathology (SCP) – the combination of infrared micro-spectroscopy and multivariate
methods of analysis – for the detection of abnormalities in exfoliated human cells of the upper
digestive tract, namely the oral cavity1,2 and the esophagus 3. The efforts included the development of data acquisition protocols 4, and methods for data pre-processing and analysis 5.
These results have demonstrated the sensitivity of SCP toward detecting cellular abnormalities, and have confirmed earlier observations from several research groups that SCP detects
disease earlier 6 (i.e., for cells that still exhibit normal morphology) and not only from an abnormal lesion but from the vicinity of such a lesion 1,7. These results will be discussed in
terms of the overall accuracy and clinical utility of SCP.
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According to the world cancer report in 2014; cancer is one of the leading causes for mortality
worldwide [1]. Therefore, efforts are concentrated to detect cancer at early stage and to reduce
cases of its not complete removal in operations - to enhance survival rates for cancer patients.
Molecular methods like Raman, IR and fluorescence spectroscopy proved to be powerful
tools for label free differentiation of cancerous and non-cancerous tissue [2]. However, the
transfer of these results into the clinical applications is at very early stage. Reasons for that are
not only technical troubles (not enough sensitivity, specificity and accuracy) ,but also too high
costs for the instruments and special training needed for the operators. Hence, easy to handle
cheap instruments are needed. Moreover, the specificity and sensitivity of the results should
outperform conventionally used methods. This goal could be accomplished through the
combination of methods and modification of expensive research systems to affordable sensors
with friendly software using the adequate chemometric models.
Here, we present measurements on samples derived from patients with kidney cancer. For
each patient tissue from healthy and cancerous parts of the kidney was analyzed. Combined
molecular methods as Mid-Infrared, Diffuse Reflectance Near-Infrared, Raman and
Fluorescence spectroscopy were used to analyze the same samples. MIR and Raman
experiments were performed in the fingerprint region and in the range of the C-H stretching
modes. For Raman, the focus onto the high wavenumber region is advantageous as there the
fluorescence is less dominating and spectral information is sufficient to identify cancer [3].
That way, the same information can be retrieved with less equipment required. The same
assumption was tested for MIR using polycrystalline IR- and chalcogenide IR-fibers.
Additionally, NIR measurements were recorded using the spectral range from 900 to 1700nm,
these results were compared to a newly developed LED sensor operating at four wavelengths.
The approaches mentioned above should result in a simplification of the final instrument
compared to the benchtop instruments. Finally, the data were analyzed and evaluated using
multivariate analysis. Full separation of healthy and tumor tissues for 6 patients was obtained
using Mid-IR or Raman spectroscopy. Other spectroscopic techniques have also exhibited
some promising results that can be potentially used for tumor margin sensor development
For all presented techniques the penetration depth is limited. Therefore, an additional
approach is pursued to analyze tissue lying beneath the skin. A MIR needle probe will enable
in depth measurements for Minimally Invasive Surgery (MIS) and will provide higher
specificity for the differentiation of tumors from healthy tissue.
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Otitis media (OM), an inflammatory disease of the middle ear, is the most frequent cause of
physician visits and prescription of antibiotics for children1. Current methods to diagnose
acute otitis media (AOM), which is caused by a bacterial infection, rely on varying symptoms
that overlap with another form of OM that is rarely caused by pathogens. Thus, there is a
clinical need to rapidly identify specific bacteria which cause AOM to enable accurate
diagnose and proper antibiotic prescription. Our goal is to accurately identify bacteria that
cause AOM based on their biochemical fingerprint using Raman spectroscopy (RS). Raman
bands of biochemical features specific to microbial cells have been identified2. For example,
RS has been used to distinguish Gram-positive from Gram-negative bacteria based on specific
biochemical components, such as peptidoglycan3. We used a Renishaw inVia confocal Raman
microscope at 785 nm to characterize the Raman signatures of the most common bacteria that
cause AOM, Haemophilus influenzae, Moraxella catarrhalis, and Streptococcus pneumoniae.
In addition, human ear fluid from de-identified patients undergoing tympanostomy, a
procedure used to treat recurrent cases of AOM, was collected and examined using RS.
Preliminary results were able to identify characteristic Raman spectral features for each type
of bacteria causing AOM in vitro. Furthermore, a Raman peak intensity ratio between 1450
cm-1 and 1045 cm-1 was important in determining the type of bacteria. Raman signatures from
microbial colonies of ear fluid samples were also analyzed and compared to the three main
otopathogens that cause AOM. Based on our findings, RS has the potential to accurately
diagnose AOM and provide physicians with the information needed to prescribe the correct
antibiotic.
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Mid-IR Photoacoustic Spectroscopy on Different Skin Locations for Noninvasive Blood Glucose Measurements
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With approximately 350 million people worldwide afflicted diabetes provides a serious
challenge to healthsystems around the globe [1]. A major component of the current treatment
is the invasive measurement of blood glucose levels with enzymatic test strips. Pulsed
photoacoustics in the mid-IR has been shown to offer the possibility of a non-invasive
alternative to the current method [2]. Hereby, a sample is irradiated by light pulses from a
laser. The absorption of the light in turn causes a local heating that leads to the adiabatic
expansion of a small sample volume. This expansion, which is related to the strength of the
absorption, causes a pressure wave that can be, in combination with an ultrasound resonance
cell, detected by a microphone. With such a setup it is possible to correlate spectra of skin
with enzymatically measured blood glucose [2]. As the penetration depth of the beam is
limited to approximately 70 µm it only reaches the Stratum spinosum. Therefore, the
photoacoustic signal from glucose is from the interstitial fluid, which correlates with the
blood glucose. However, since glucose is not the only absorbing constituent in the skin,
multivariate chemometric algorithms, like partial least squares regression, are necessary to
extract information from the spectra. The nature of skin as an in-vivo sample with multiple
different compounds of varying content leads to the question which location is the most
suitable for non invasive blood glucose measurements. The ideal measurement spot would be
comfortable to reach for an extended period of time with a thin Stratum corneum. For this we
investigated four different locations: the arm, the hypothenar, the index finger and the thumb.
The quality of the location was determined by the size of the root-mean-square error of crossvalidation for each location.
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In spectral unmixing, a data set X composed of n observed spectra of chemical mixtures with
p wavelengths or spectral bands is decomposed to identify pure component spectra. Each
spectrum is assumed to be a linear mixture of a limited number m of pure component spectra,
in this context also referred to as endmembers. m is also known as chemical rank of the
spectra matrix X. In matrix notation, this is the bilinear model
X(n x p) = A(n x m) E(m x p) + ε.
The concentrations or abundances A can be depicted in the mixture diagram of the m
components, forming an (m - 1) simplex. Also the spectra X lie in an (m – 1) simplex. If noise
is low and pure component spectra are present in the data, this decomposition can be obtained
by finding the corners of the simplex. Two well-known algorithms to achieve this are NFINDR [1] and Vertex Component Analysis [2]. N-FINDR is a rather slow iterative
algorithm. While VCA is much faster, we find that it does not always yield as good
decompositions. A number of improved algorithms are known [3, 4]. In addition, we present a
new N-FINDR algorithm that uses a fast projection and is particularly suitable for
implementation in high-level languages such as R or Matlab where optimized and parallelized
BLAS routines can be used but loops are computationally expensive.
unmixR (http://github.com/Chathurga/unmixR) provides different N-FINDR and VCA
algorithms as an R package. We demonstrate the correctness of the algorithms by reproducing
the results of [5].
Acknowledgements: CM implemented algorithms [1-4] during Google Summer of Code
2013, supervised by CB, SF and BH. CB now maintains the package. The new algorithm was
developed by CB, who is funded via the BMBF project RamanCTC (13N12685).
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Background. The autosomal recessive Cystic fibrosis (CF) disease is caused by thousands different
mutations in the Cystic Fibrosis Transmembrane conductance Regulator (CFTR) gene which codifies
for CFTR protein transporting chloride through the plasma membrane of secreting epithelia. CF
patients homozygous for a CFTR defect can develop severe multi-organ disease. CFTR-defective
epithelial cells can be classified by Fourier Transform InfraRed microspectroscopy (microFTIR) and
explorative PCA [1]. Experimental design. We applied this approach to classify cells from two
monozygotic CF twins with a rare genotype (2183delAAinsG associated with the genetic variant
TG15/T5 in trans) but with very discordant phenotypes [2]. Cells from their healthy mother bearing
the TG15/T5 genetic variant and from two healthy controls with a non-defective wild type CFTR
genotype were also considered. Lympho-monocytes of CF patients and controls were immortalized
with the Epstein Barr Virus to obtain lymphoblastoid cells (LCs). CFTR expression and functions
were assessed by complementary approaches [3-5] and exposing LCs cells to the CFTR corrector
VRT-809 alone or in combination with the CFTR potentiator VRT-770. Independent blind
experiments were carried out to cross-validate the results of IR analysis. Results and conclusions.
Experimental evidence was achieved that microFTIR and PCA classified LCs with the different CFTR
genotypes as well as distinguished the LCs cells of the twins with different phenotypes. In particular,
the spectra of LCs from the two CF twins grouped separately. LCs of twin with more favourable CF
phenotype preferentially grouped with LCs of the mother and was sensitive to VRT-802 correction, as
suggested by their classification close to LCs healthy controls. These data were confirmed by those of
methods assessing CFTR functionality. In conclusion, unsupervised explorative multivariate data
analysis performed by PCA and/or HCA techniques in both dataset of SR FTIR of single LCs cells
and average FTIR spectra acquired from several LCs cells probed with globar as IR source are useful
screening approach to classify different CF phenotypes. Probing LCs cells exposed to CFTR
correctors and potentiatiors with microFTIR represent a rapid and convenient approach to test drugs
directly in cells expressing the patient's geno/phenotype.
Acknowledgements. Data are from proposals SM9056 approved by Diamond Light Source Ltd and
received funding from the European Community's 7th Frame-work Programme (FP7/2007-2013)
under grant agreement no. 226716.
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Label-free Surface-enhanced Raman scattering (LF-SERS) spectroscopy of biofluids
(e.g. blood, urine) has recently raised interest for its potential in the field of diagnostics [1].
Being portable and having a fast response, SERS is particularly appealing for point-of-care
applications.
LF-SERS spectra of biofluids can be viewed as "partial metabolic fingerprints" due to
a subset of metabolites which spontaneously adsorb on a SERS substrate, and thus they could
be exploited for diagnosis [1,2]. Identification of most (if not all) of the metabolites
contributing to the SERS signal is crucial, but because of the difficulties concerning a correct
interpretation of SERS spectra, it has been only partially achieved [2]. Despite a complete
interpretation and assignment of LF-SERS spectra of most common biofluids is still missing,
recent works by our group showed how such spectra do indeed have the potential to be used
for diagnosis of different types of cancer. Preliminary results showed how LF-SERS can
detect prostate cancer from urine samples with promising sensitivity and specificity [3]. We
also reported that both early and locally advanced breast cancer could be detected by LFSERS of serum [4], with a sensitivity, specificity and overall accuracy higher than 80% (i.e.
better than mammography, the currently used method for screening).
Data analysis is a key aspect of such LF-SERS diagnostic approach, as adequate
chemometrics methods must be applied to spectra to build and validate consistent predictive
models. In our preliminary reports, we used Principal Component Analysis (PCA) to reduce
the dimensionality of spectroscopic data, and Linear Discriminant Analysis (LDA) to build
the predictive model, which was validated using a "leave-one-out" (i.e. leave-one-patient-out)
cross validation method.
Overall, the LF-SERS diagnostic approach still has several issues to be settled in
further studies, but results so far are very promising, and in our opinion it has a great potential
to be used in “point-of-care” diagnostic tests.
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Numerous metals and trace elements such as aluminum [1], germanium [2], and titanium [3]
can be accumulated by diatoms and inserted into their silica based frustules. In a previous
study, the uptake of aluminum into the biosilica of the centric diatom Stephanopyxis turris has
been already investigated. Significant incorporation of aluminum up to an aluminum to
silicon ratio of 1:15 has been observed [1]. It is also known that iron is associated with the
biosilica, of marine diatoms [4]. Furthermore Godinho et al. hypothesized that iron is codeposited within silica so that the silica serves as a biological sink [5]. Besides, the
incorporation of iron into synthetic silica in iron-rich environment leads to a shift of the band
of antisymmetric valence stretching of Si-O-Si to lower wavelength [6]. The present study
examines the influence of increased iron concentrations upon the composition and structure of
the biosilica of S. turris. The iron-exposed cells are characterized both in the native state and
after cell wall extraction with SDS/EDTA by infrared spectroscopy (IR) and Raman
spectroscopy (Raman) to detect and identify organic molecules. Moreover, the massive
fluorescence in Raman spectroscopy occurring in extracted cell walls represents a challenge,
which needs to be resolved. By means of inductively coupled plasma optical emission
spectroscopy (ICP-OES) and vibrational spectroscopy, we analyze the content of iron and
silicon in the biosilica. Morphological and structural changes of the siliceous frustules can be
visualized by scanning electron microscopy (SEM).
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Understanding the behavior of SERS substrates in complex biosystems is of great interest for
medical diagnostics, therapeutics, and in bioanalytical approaches. Based on the beneficial
properties of the plasmonic gold and silver nanoparticles, uptake and processing of SERS
substrates can be followed inside eukaryotic cells by complementary methods that enable
characterization of their intracellular distribution in the cell ultrastructure and quantification,
such as cryo X-ray tomography (cryo-XT) and mass spectrometry, respectively.
By SERS, we obtain information about the molecules interacting with the particle surface that
could be biomolecules from inside the cell or extrinsic molecules, e.g., reporter molecules,
pharmaceuticals (e.g., antidepressants), or components of the culture medium.[1-3] The SERS
information on the molecular composition in the immediate environment of the
nanostructures, allows to deduce transport mechanisms and molecular changes within the
vesicles throughout a cell’s lifetime[1-3]. The uptake and processing of the nanoparticles into
cells differ strongly for different types of nanoparticles due to their different physico-chemical
properties. Cryo-XT gives 3D information about the distribution and arrangement of metal
nanoparticles in the cellular ultrastructure due to the high contrast of the particles in the
biological environment. For silver nanoparticles, the X-ray tomograms prove the presence of
2D ring-like nanostructures in the cellular ultrastructure which can be correlated with the
formation of a specific biomolecule corona investigated by SERS.[2] To analyze the
quantitative uptake and distribution of nanoparticles in single cells, we used laser ablation
inductively coupled plasma mass spectrometry (LA-ICP-MS). In a series of pulse-chase
experiments the nanoparticle pathway from endocytotic uptake, intracellular processing, to
cell division is monitored for 14 nm sized gold nanoparticles by combining SERS data with
quantitative information from LA-ICP-MS.[1]
By the use of these complementary methods we are able to get insight into the biological
reaction pathways of SERS substrates in live cells. The data indicate that particle properties,
aggregate geometry, and surface modification of noble metal nanoparticles play a critical role
for their use as efficient SERS nanoprobes.
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Imaging of biological samples with high resolution can be performed using the Scanning
Near-field Optical Microscopy (SNOM) or Atomic Force Microscopy (AFM). The SNOM, a
less common technique, combines scanning approach with a classic optical microscopy, so it
provides simultaneously topographical information and optical image with spatial resolution
of 30-100 nm.
We have focused on in vitro studies of endothelial cells and their response to various
stimulation to obtain knowledge on the mechanism of ongoing pathologies at the subcellular
level and possibly to improve the treatment of diseases associated with endothelial
dysfunction.
The general goal of the research was to show the capabilities of Scanning Near-field
Optical Microscopy to image endothelial cells (EA.hy 926 and HLMVEC cell lines). The
SNOM measurements were performed using a WITec confocal CRM alpha 300 Raman
microscope combined with a near-field scanning optical microscope and atomic force
microscope. The studies were carried out in the SNOM contact mode and the transmission
configuration of microscope.
We present the results of the SNOM investigations performed in air and in the buffer
environments, on fixed as well as on living cells. The effect of tumor necrosis factor α (TNFα) stimulation on EA.hy 926 cells was demonstrated (measurements in air of fixed cells).
Moreover, the cellular structures of submicron size were observed in high resolution optical
images of cells from EA.hy 926 and HLMVEC lines (studies of fixed cells in buffer
environment). Additionally, we have attempted imaging of alive endothelial cells in
physiological buffer, what is a difficult and challenging task, but the outcomes are promising.
It was proved that the SNOM can be very efficient method for nanometric exploration of
cellular morphology and topography.
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Question: High throughput studies of proteins by infrared spectroscopy are still difficult to
perform because of the rather poor quality and slow reading of multi-well plates, handled
either in transmission or reflection modes. We suggest here that, using a dedicated spotter and
an IR imaging system, it would be possible to read efficiently large arrays of protein spots
deposited on an infrared transparent or reflective surface.
Methods: Spots of 160 pl protein solutions (1 or 10 mg/ml) were deposited as regular arrays
of protein solution drops. Spectra were recorded on an Agilent 128x128 FPA mid-IR imager.
No binning was applied. Spectra were collected between 3903.8 and 898.7 cm-1 at a nominal
resolution of 8 cm-1. Each spectrum was the mean of 64 scans.
Results: One image covering about 1.5x1.5 mm2 was obtained by assembling 4 unit images.
Together it contained 65536 pixels, each being an infrared spectrum of the sample. Such an
image contained about 110 protein spots, each covered by ca 384 pixels. The entire image
could be acquired in less than 15 minutes. The mean protein amount present in one spot was
1.6 ng/spot or 160 pg/spot for 10 and 1 mg/ml protein solutions respectively. The mean
amount of protein per pixel is therefore respectively 4.8 pg and 0.48 pg respectively. High
quality spectra were obtained in these conditions as assessed by evaluation of the signal-tonoise ratio for each pixel. Information about protein secondary structure could be easily
retrieved.
Conclusion: Reading protein arrays by infrared spectroscopy is now possible. It provides
structural data on the proteins and does not require any labelling, a clear advantage over other
techniques presently used in this field of research.
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Gamma irradiation is used to manipulate nutrient utilization and availability by improving
hygienic quality in the food industry [1]. The objective of this work was to evaluate the
potential of Fourier transform infrared spectroscopy (FTIR) for the discrimination of
irradiated and non-irradiated hazelnuts. Many alterations in the spectral parameters, such as
frequency, signal intensity and peak area were observed in irradiated hazelnuts compared to
the control samples [2]. Multivariate statistical analysis (principal component analysis (PCA)
and hierarchical cluster analysis (HC)) was performed to identify molecular spectral
differences and verify the possibility of differentiation among 1,5 kGy, 3 kGy,10 kGy
irradiated and control hazelnut samples. A clear separation among different dose irradiated
and control hazelnut samples was observed based on HC and PCA analyses of the second
derivative vector normalized spectra. The results showed that radiation doses of 3 and 10 kGy
were produced structural and compositional changes in hazelnut. No significant alterations
were observed at the radiation of 1,5 kGy. Such results indicate that FTIR spectroscopy
combined with an effective multivariate statistical analysis has potential for the development
of a reliable, fast and simple routine methodology for separation of irradiated and nonirradiated food samples like hazelnut.
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During the last decades, the growing global demand for fuel and food resources has increased
the interest in microbial production of lipids. This growing interest imposes requirements for
thorough investigations of methods used for extraction and quantification of lipids from
microbial sources (yeast, bacteria and filamentous fungi). Analysis of the fatty acid content is
commonly done by gas chromatography (GC) after extracting lipids from the biomass and
converting the fatty acids into fatty acid methyl esters (FAME) by transesterification. A wide
range of lipid extraction protocols are presented in literature, including the well-known
protocols described by Folch et al. [1] and Bligh & Dyer [2]. These methods are widely cited,
but numerous modifications have been introduced through the years depending on the sample
origin, some being presented as modifications while others are still being referred to as the
original methods. The application of different methods to new sample material can cause
considerable variation in the amount and composition of fatty acids extracted [3]. This
variation can be explained both by variation between extraction methods and inequalities in
sample structure, like water content and the nature of cell membranes and lipids.
By FTIR spectroscopy, cell compounds can be probed in situ. While FTIR spectroscopy does
not allow performing a direct quantitative fatty acid analysis, it is an excellent tool for
fingerprinting the biochemical composition of biomass. In the present work, we compare
different lipid extraction protocols on filamentous fungi and the biochemical fingerprints of
the biomass obtained by FTIR spectroscopy before and after extraction. We show that
applications of known extraction protocols [1, 2] to fungal biomass are not able to extract all
lipids and hence underestimate the fatty acid yield. Further, we evaluate the use of FTIR
spectroscopy as a rapid quality control (QC) method for determination of lipid extraction
efficiency in filamentous fungi. The developed FTIR-based QC approach can easily be
transferred to other biomass sources such as yeasts, bacteria and algae.
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Abstract
Surface-enhanced Raman spectroscopy (SERS) coupled with multivariate statistical analysis
is fast becoming a promising analytical tool for therapeutic drug monitoring. In comparison
with standard techniques such as HPLC, it has the remarkable advantages of rapidity,
simplicity, low cost, and no need for sample pretreatment.
Methotrexate (MTX) is a folate antagonist widely used for treatment of various neoplastic
diseases in children. However, there is still a need for improving the accuracy of the
procedures aimed at therapeutic drug monitoring of MTX.
This study investigates the feasibility of using SERS coupled with partial least-squares (PLS)
multivariate calibration for the quantitative determination of MTX.
A complete methodology was implemented for developing the proposed method, including
experimental design, data preprocessing, outlier detection, and stability selection. The
influence of the preprocessing methods on the prediction speed, robustness and accuracy
performance was compared.
The best PLS model was obtained with seven latent variables in the range from 0.1 to 10 μM
of MTX, providing a root mean square error of prediction (RMSEP) of 0.74 μM.
Experimental results showed that the combination of SERS with multivariate calibration can
provide quite precise concentration predictions for MTX in a clinically relevant concentration
range with average relative prediction error of 2%.
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Fourier Transform InfraRed Imaging (FTIRI) is a powerful tool for analyzing biochemical
changes in tumoral tissues. The head and neck region is characterized by a great number of
lesions, with different degrees of malignancy which are often difficult to diagnose.
Schneiderian papillomas are sinonasal benign neoplasms arising from the Schneiderian
mucosa that have the tendency to recur, and can evolve into malignant tumoral lesions
(squamous cell carcinoma). In addition, they can sometimes be confused with the more
common inflammatory polyps. Therefore, an early and undoubtable diagnosis of the
pathology is mandatory. Progressing in our research on the study of oral cavity lesions, 15
sections of inflammatory sinonasal polyps, benign Schneiderian papillomas and sinonasal
undifferentiated carcinomas were analyzed using FTIRI. To allow a rigorous description of
these pathologies and to gain objective diagnosis, the epithelial layer and the adjacent
connective tissue of each section were separately investigated by following a multivariate
analysis approach.
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Quantum Cascade Lasers (QCLs) are poised to become an important next-generation
illumination source for biomedical infrared microscopy. Their spectral brightness and broad
tunability enables diffraction-limited imaging performance [1], high-speed data
collection[2][3][4], and discrete frequency imaging modalities[5][6]. Spero™, from Daylight
Solutions, is the world’s first commercially available QCL-based infrared microscope. By
combining the benefits of a tunable laser illumination source with an uncooled camera and
benchtop form-factor, Spero will be critical in supporting the translation of infrared
microspectroscopy techniques into clinical environments. This poster will review the latest
developments with the Spero platform, including a new objective providing 12 micron spatial
resolution over a 2 mm x 2 mm field-of-view with 4.25 micron pixels, real-time chemical
imaging of microfluidic processes, and multiple biomedical application examples.
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Exosomes are small nano-sized (30–100 nm) membrane vesicles of endosomal origin released
in the extracellular space by a variety of cell types including epithelial cells, mesenchymal
stem cells, immune cells and various cancer cells, and are found in all human body fluids.
Cancer cells abnormally secrete large quantities of exosomes that transport onco-proteins and
immune suppressive molecules thus promoting the growth of tumour and metastasis.
Exosomes are composed of proteins, lipids - phospholipids, cholesterol, sphingolipids,
ceramides and raft molecules, carbohydrates - mannose, polylactosamine, α-2,6 sialic acid
and complex N-glycan’s, which are important to bind proteins in exosome, and nucleic acids
such as miRNA, small non-coding RNA and mRNA derived from their cellular origin [1, 2].
In our study FT-IR spectroscopy was used to estimate the purity of extracted exosomes and to
evaluate the composition of exosomes produced by colorectal cancer cell lines derived from a
primary (SW480) and metastatic (SW620) tumour, which were cultured under hypoxic or
normoxic conditions. FTIR spectra were collected using microplate reader HTS-XT (Bruker,
Germany). Certainly it was easy to assess the step-by-step purification, to discriminate the
fractions of proteins and exosomes and hereafter control the purity of extracted exosomes by
FT-IR spectra analyses. In the fraction of purified exosomes the main absorption bands
identified proteins (1550-1660 cm-1), lipids (2880-2950 cm-1) and carbohydrates (925-1111cm1
). Yet the content of nucleic acids was too low for precise detection. The composition of
exosomes released by SW480 and SW620 cells significantly differed by the content of
proteins. The shift in carbohydrate absorption maximum from 1090 cm-1 in normoxic to 1100
cm-1 in hypoxic conditions was observed for both exosome samples. It was shown that
interrelations of the protein, lipid and carbohydrate content in exosomes varies depending on
their origin and is affected by hypoxia.
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Study of Combined One- and Two-photon Excited SERSNanosensors for Bio-applications
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Biological tissues and cells are transparent and fluorescence-free at wavelengths between
800 and 1200 nm making this range an excellent choice for the combined use of one- and
two-photon near-infrared excited laser spectroscopy techniques for in vivo study. Surfaceenhanced Raman scattering (SERS) can provide chemical fingerprints at the single molecule
level thanks to the extremely high local field enhancement factors in the close vicinity of
plasmonic nanostructures. Therefore, combining Raman signature capability with scanning
microscopy has generated an array of imaging modalities for material and biological studies at
the nanometer scale. Surface-enhanced hyper-Raman scattering (SEHRS), which is a twophoton excited analogue of SERS, can offer additional chemical and structural information
because of the altered selection rules and a better spatial resolution. In addition, the inherently
low multi-photon cross sections can easily be overcome near metal surfaces by exploiting the
nonlinear scaling of the signal with the intensity of the excitation field [1]. Moreover, using
SEHRS, the detection wavelength range can conveniently fall into the visible, where cameras
exhibit better sensitivities and signal-to-noise ratios than in the near-infrared. In order to
exploit all these advantages, we employed a near-infrared excited SERS and SEHRS-based
microspectroscopic approach, simultaneously, for the investigation of the applicability of
various metal nanostructures prepared by different procedures. Here, we demonstrate its
excellent feasibility of our combined approach for all-optical pH nanosensing over a wide pHrange.
The vibrational modes of para‒mercaptobenzoic acid (pMBA) change upon protonation
and deprotonation which makes pMBA a useful pH-probe in cells [2]. In our study, we
compare one- and two-photon excited non-resonant Raman spectra of pMBA in the local
fields of various plasmonic nanostructures in the pH range of 2-12 [3]. We found that the
combination of SERS and SEHRS spectra excited at 1064 nm allow more robust and precise
pH sensing than SERS measurements alone in the 532-850-nm excitation range, where SERS
microscopy is typically used. Investigating the plasmonic properties under different
experimental conditions, we find that multimodal SERS-SEHRS based fluorescence-free
sensing is possible in the low femtoliter range with extremely high enhancement factors and
without multiple tagging. Our results demonstrate that a combined one- and two-photon
excitation together with the tunable optical properties of plasmonic nanoparticles opens up
new possibilities for microscopic bio-sensing.
Funding by ERC starting grant No. 259432 (MULTIBIOPHOT) is gratefully acknowledged.
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One of the ever-occurring problems when doing Raman spectroscopic mapping is background
noise. This noise originated from CCD noise or cosmic rays to faults in the equipment and
other experimental factors and is especially significant when using very short acquisition
times <1s. These short acquisition times are often required to examine biological samples
such as cells and tissue to prevent damage. This however increases the background noise
levels that will then need correction in pre processing.
Previous research in the field of noise reduction has resulted in a number of ways to reduce
the noise after measurements. One way of reducing noise in image datasets is using the factor
analysis such as Principal Component Analysis (PCA). PCA however does have the problem
that it might result in loss of signal due to PCA sorting the bands according to variance. A
proposed solution to noise reduction is the maximum noise fraction (MNF) introduced by
Green et al.1 which sorts the components according to S/N-ratio. A similar technique is the
noise adjusted principal component analysis (NAPC)2 which in essence operate in the same
way. The sorting of the components in both cases is based on prior knowledge of the noise in
the dataset. This means that we have to devise a method to effectively estimate the noise
based on the dataset itself. To investigate the use of NAPC could be used we compared
several approaches, firstly PCA noise reduced data retaining 5 components and then
comparing to NAPC using shifted image approach, NAPC using low signal spectra around the
cell to estimate the noise and NAPC using low signal spectra around the cell to and mean
centering to estimate the noise.
The best method for reducing the noise using the same number of components for all methods
was found to be NAPC using low signal spectra around the cell to estimate the noise, which
retained most information while reducing the noise. It should also be noted that incorrect
noise estimation can result in significant artifacts being introduced into the dataset.
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Applying Raman microscopy to biological samples often suffers from broad spectral
background. Sources of background can be found in a variety of physical phenomena such as
florescence and scattering [1] as well as creeping currents in the electronics of a detector.
Recent computational methods compensate background by fitting smooth baselines or try to
model the effects which cause it. A more technical approach was first proposed by
Funfschilling and Williams in 1976 [2] named modulated excitation Raman. This technique
aims to separate background from signal by slightly shifting the excitation wavelength of the
laser. The consequence being that the Raman signal also shifts but the background remains
constant, which allows separating shifting components from background. This technique is
proposed to be used for biomedical applications [3] but the literature lacs a faire comparison
with conventional and more sophisticated techniques such as extended multiplicative signal
correction [4].
This project tends to evaluate which of those methods is best for compensating broad
spectral backgrounds. For this purpose a full factorial design of experiments is set up for a
calibration problem with different levels of background. Furthermore limitations which apply
to biological samples are taken into account as well. Therefore a tunable diode laser (DL Pro,
center wavelength 785 nm, Toptica Photonics) is chosen and a HoloSpec RXN1 (Kaiser
Optical Systems) Raman system is used for detection.
The experimental design is set up as calibration problem of urea in water with five
concentration levels and a blank. Three levels of background are realized by adding
indocyanine green as fluorescent dye. Furthermore each set of standards is replicated three
times. The total of 54 samples is measured in a randomized order. Each sample is measured
five times at five wavelengths (steps of 0.45nm ≈ 7cm-1 form 783.75 nm to 785.65 nm) which
are also randomized in order. A second experiment with a fixed wavelength of 784.5 nm is
performed for comparison. Data processing is set up in R. For calibration a Partial-LeastSquares regression is used. Results of modeling are benchmarked by their analytical figures
of merit such as limit of detection and limit of quantification.
Acknowledgments: Support is gratefully acknowledged within the projects RamanCTC
(BMBF, FKZ 13N12685), CanDo (EU FP7-ICT 610472), and Diatom (DFG, 602847). Since
backgrounds are a common problem in Raman microscopy (Fluorescence due to
chromophores in diatoms and heme molecules in cells extracted from patients’ blood) this
work contributes equally to all three projects.
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Photothermal deflection spectroscopy gives the possibility to overcome the limitations of
classic transmission- and ATR-FTIR regarding the measurement of opaque samples. Due to
the use of a tunable quantum cascade laser (QCL) serving a sufficient spectral range and high
emission power, wavelength dependend thermal waves are established by irradiating the
sample. This yields a refractive index gradient, which can be used to deflect a probe laser
beam passing through the gradient. This effect offers the possibility to extract spectral
information from larger penetration depths for opaque samples.
Based on this effect, we propose a mid-IR photothermal deflection spectrometer (PTDS) [1].
The experimental array can be described as an IR pump-VIS probe beam detection system.
The modulated mid-IR pump laser is irradiating the sample through the optical element and
generates upon absorption a thermal field in the sample and therefore via thermal diffusion
also in the optical element. The probe beam passes through the optical element, which
provides total internal reflection (TIR) and is deflected [2]. The deflection of the probe beam
is measured by a position sensitive photodiode.
With this setup we were able to measure spectra of skin in vivo. They were recorded on a
diabetic volunteer in order to follow the glucose concentration changes in different layers of
skin. Additionally, the blood glucose levels of the volunteer were measured with a
conventional clinical glucometer. The spectra were analyzed by chemometric methods to
determine the glucose concentration and the sensitivity to glucose level changes of the
different skin layers. The results of these measurements give a promising perspective for
PTDS for further applications as sensing technique in the biomedical field.
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For plants, silica is available from dust or soil, and in most plants it can be found in equivalent
amounts as calcium or magnesium. [1] Until today, silica is known not to be essential for
plants albeit many studies report about its effects, such as an enhancement of plant fitness and
increased yields of crops. However, plants can only absorb the acid form of silicon dioxide
and not the crystalline form. To understand possible effects of silica on plants, we analysed
pollen grains as a model system for plant material due to their fast growth of new cells in the
pollen tube and the easily adjustable germination conditions.
In our poster we present the results of Raman experiments with three different species of
pollen grains (Pinus nigra, Picea omorika and Camellia japonica), which germinated in
nutrient media containing silica and in a reference medium. We will show the results of
hierarchical cluster analyses and principal component analyses executed on the data and
discuss the biochemical changes that occur during germination at high silica concentration.
Thereby, we extend the information of previous data on general pollen physiology [2, 3] and
show that a differentiation between pollen species, their histological characteristics, and
germination conditions is possible.
Acknowledgements
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Over recent years, interest has increased in pushing the diffraction limited spatial resolution
performance of FTIR imaging systems, primarily using synchrotron based systems.
In this application note, we present a novel method of magnification enhancement achieved
using existing objectives or novel objectives with high numeric aperture. The result is an
FTIR system with high spatial resolution imaging capabilities in the order of 1 μm/pixel or
lower. Uniquely, this configuration conserves the relatively large working distance of regular
objectives (21 mm) by not requiring an objective change between magnification settings.
Furthermore we could show that a setup with a 25 x objective and a numeric aperture of 0,81
results in a pixel resolution of 0,66 µm and a achievable of spatial resolution of 1-2 µm.
FTIR images of a variety of biomedical samples were obtained using standard magnification
FTIR, high magnification FTIR and the 25 x objective.
The results demonstrate that compared to standard magnification (5.5 μm), operating in high
mode mode (1.1 μm), offers significantly added spectral and spatial detail and compared to
synchrotron based high magnification systems, equivalent or better detail is observed,
Additionally, image acquisition times are ~10x faster than synchrotron instruments owing to
the significantly larger field of views, together with the fact that full sized (128x128) FPAs
can be used.
Furthermore, the ability to operate in standard magnification (5.5 μm) and high magnification
(1.1 μm) modes without changing the objective, thus preserving the full objective working
distance of 21 mm, means that users are not limited in the sample shape, size and form that
can placed and measured beneath the microscope objective.
The 25x objectives, still preserving a working distance of 12 mm, reveals a revolutionary
pixel resolution of 0,66 µm with a unique numeric aperture > 0,8. With this powerful tool and
the high magnification capabilities new frontiers of biomedical imaging can be achieved and
give deeper insights in biomedical research aspects.
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The Effect of Variable Calcium Concentrations in Culture Media on the
Diatom Species Stephanopyxis turris and Thalassiosira pseudonana
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The nano-scaled, siliceous cell walls of diatoms consist not only of silicon and oxygen, but
also of calcium, iron, aluminum and zinc among other elements.1 Understanding their role in
biomineralization may help to modify biogenic silica for highly specific applications. Based
on preceding studies about the aluminum uptake of diatoms2, the calcium incorporation in the
cell walls of the diatom species Stephanopyxis turris (S.t.) and Thalassiosira pseudonana
(T.p.) is investigated by varying the calcium concentration in the culure medium. In initial
tolerance tests, both species subsisted in media with low calcium concentrations (10% of the
standard supply). T.p. tolerated concentrations up to 10fold the common concentration, while
the growth of S.t. was impaired at 5fold. Within these tolerance ranges, calcium chloride is
sufficiently soluble in artificial sea water. Both diatom species were treated with SDS/EDTA
to remove organic material after cultivation. The whole cells and cell walls were
spectroscopically characterized. Preliminary results of IR spectroscopy suggest a shift of the
Si-O stretching vibration at ~1060 cm-1 with increasing calcium concentration to lower wave
numbers in compliance to former studies of glasses.3 The cell walls’ Si/Ca elemental ratios
were determined by ICP-OES; their structures were investigated using REM.
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Strong Mie scattering signatures hamper the chemical interpretation and multivariate analysis
of infrared microscopy spectra of single cells and tissues. During recent years, several
numerical Mie scatter correction algorithms for the correction of Mie scattering in the FTIR
spectroscopy of single cells have been published 1-4. The algorithms employ different
approximation formulae and are based on different approaches for retrieval of the pure
absorbance spectra. Since it is not clear how the different algorithms are connected and how
they perform in comparison, the user is at a loss to decide which algorithm to employ. In this
paper, we connect the principles underlying the different algorithms employed. We further
introduce a correction algorithm based on EMSC taking into account a complex refractive
index. We then simulate spectra according to the exact Mie theory for the scattering of
infrared light at absorbing spheres taking into account the high numerical aperture of infrared
microscopes employed for the analysis of single cells and tissues. Based on the derived theory
we show how the different algorithms perform by retrieving pure absorbance spectra by the
different algorithms. The obtained corrected spectra are subsequently compared to the pure
absorbance spectra used for simulating Mie scatter-distorted spectra.
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Oleaginous microorganisms, which include bacteria, yeasts, molds and microalgae can
accumulate lipids which account for more than 20% of their dry weight (Ratledge, 1991).
During the past decades, microbial oils or single cell oils (SCO) have been produced as an
alternative, sustainable source of biodiesel (plants) and high-value added polyunsaturated
fatty acids (fish). Today, arachidonic acid (20:4, ω-6; ARA), eicosapentaenoic acid (20:5, ω3; EPA) and docosahexaenoic acid (22:6, ω-3; DHA) single cell oils are produced in
industrial scale with filamentous fungi and microalgae for nutraceutical applications [1].
Currently the utilization of various low-cost substrates (food rest material and lignocellulosic
sugars) is investigated, since it might lead to an economically more viable production of
single cell oils.
The aim of the present study was to develop and validate a high-throughput screening
system for optimization of SCO-PUFA production. This goal may be achieved by combining
micro-cultivation and rapid, high-throughput FT-IR spectroscopy of the microbial biomass
and substrate. Several cultivation conditions affect lipid accumulation (pH, temperature,
carbon- and nitrogen-source, C/N ratio, morphology, dissolved oxygen concentration). In the
present work, the effect of two different temperatures (20°C and 30°C) on lipid accumulation
was investigated. Two oleaginous fungi from the phylum Zygomycota (Mucor circinneloides
and Mortierella isabellina) and a reference strain from Ascomycota phylum (Penicillium
glabrum) were cultivated in 24-square deep well microtiter plates for 12 days using a
nitrogen-limited medium. Fermentations were subjected to daily monitoring by FT-IR
spectroscopy, gas chromatography (GC-FID) and high-performance anion-exchange
chromatography (HPLC). Fatty acid profile and total oil content was determined with GCFID (reference method) after extraction of the lipids from the mycelium. As a quick and
inexpensive alternative measurement, the mycelium was also analyzed directly after
sonication by high-throughput Fourier transform infrared spectroscopy. Subsequently the two
dataset were calibrated using sparse-PLS regression combined with cross-validation. Sparse
PLSR allows better interpretation of the calibration models since it is very selective in
choosing relevant parts of FT-IR spectra. Good calibration models were obtained for SAT
(saturated fatty acids), MUFA (monounsaturated fatty acids), PUFA (polyunsaturated fatty
acids) and for individual fatty acids.
In conclusion, the micro-cultivation system combined with the established FT-IR
versus GC-FID calibration model enable rapid screening of low-cost substrates using various
microorganisms for the following larger scale optimization of SCO - PUFA production.
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Laboratory of Spectroscopic Imaging for Radiobiology, Therapy and of Complex Systems
Research at the Institute of Nuclear Physics, Polish Academy of Sciences in Kraków was
founded in order to apply physical methods in eradication cancer and other pathologies
studies.
We have developed and applied infrared nano-spectroscopy (nanoIR) to explore the detailed
composition of chromosomes. NanoIR2 system, which we have in our laboratory, permits to
image local IR absorption with nanometer resolution achieved by mapping local thermal
dilatation using an AFM tip. The integrity of chromatin structure is essential for every
process occurring within eukaryotic nuclei [1, 2]. For example, tightly packed, methylated
DNA forms heterochromatin, which is transcriptionally inactive, but indispensable for the
maintenance of structural integrity [3, 4]. However, lightly packed unmethylated euchromatin
contains most genetic information [3, 4]. NanoIR coupled with the Principal Component
Analysis (PCA) has confirmed that chromosome areas containing euchromatin and/or
heterochromatin are distinguishable based on differences in degree of methylation.
Heterochromatin has significantly more methylated sites than euchromatin as previously
described [3,4]. We will present the new, robust and reproducible approach for detection of
DNA methylation sites in human chromosomes providing the location of the
heterochromatin–euchromatin boundaries at a spatial resolution below 100 nm. Given the
importance of DNA methylation in the development of nearly all types of cancer [5] there is
potential of nanoIR approach [6] to be used as an early screening tool for malignancy.
Additionally, we will present the application of other nanospectroscopic techniques (TERS,
SERS) to investigate Pt-103 interactions with DNA.
The laboratory of spectroscopic imaging has been co-funded by the Malopolska Regional
Operational Program Measure 5.1 Krakow Metropolitan Area as an important hub of the
European Research Area for 2007-2013.
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Recently, many studies have investigated the diagnostic potential of serum
spectroscopy. However, the optimum sample preparation, sampling mode and the
effect of sample preparation on the serum spectrum are unknown. The most common
protocol for analysing biofluids by IR spectroscopy is the drying of drop deposits but it
has been shown by optical and spectroscopic assessment that this deposition is not
homogenous. Thus, reproducibility and reliability of drop-dried spectroscopic results
are still questioned. Moreover, when analysing serum using IR transmission mode, due
to saturation of spectral peaks, it is common to dilute the sample with water but the
optimum serum dilution has not been previously investigated. This study reports the
use of FTIR imaging and synchrotron FTIR spectroscopy to investigate and to better
understand the effect of sample preparation upon the serum spectrum.
In addition we report the results of a preliminary study using pre- and post-operative
serum samples from patients needing surgery for different clinical reasons. High
throughput (HT)-FTIR and attenuated total reflection (ATR)-FTIR techniques enable
the acquisition of broadbeam spectra originating from whole surface of a well (silicon
plate 384 wells) or a crystal respectively, resulting in a representative spectrum of the
entire serum sample contrary to spectra collected using a microscope as serum dried
drops spectra have shown spatial but also chemical heterogeneity. This set of samples
(n=105) was used to compare the two techniques, understand the influence of the
chemical heterogeneity on a spectrum collected from a large sample area and also to
enable the profiling of a baseline IR response when considering only surgery.
These fundamental studies provide proof of robust spectral collection that will be
required to enable clinical translation of serum spectroscopic diagnostics.
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In this paper, the exact theory of scattering of infrared light at absorbing spheres is presented.
The theory is based on the exact Mie solutions and takes into account the high numerical
aperture of infrared microscopes. The new theory is applied in an iterative algorithm
developed by Lukacs et al. 1 to recover the pure absorbance spectrum of biological systems
with spherical symmetry. This method is a further development of the recently described
iterative algorithm of van Dijk et al 2. The method is tested on FTIR synchrotron spectra of
pollen grains with approximately spherical shape and on spectra of cell nuclei. The imaginary
part of the refractive index was successfully recovered for both systems.
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An oxidative stress plays a potential pathogenic role in mediating the risk of diabetes and can
induce hyperglycemia, understood as a high concentration of glucose in blood plasma.
In this work, an oxidative stress in endothelial cells (ECs) was caused by an elevated glucose
levels. The level of glucose higher than 10 mM (in vitro or in vivo) is regarded as a high
glucose (HG) condition [1]. It is known that hyperglycemia affects the functions and structure
of the vessel wall, however, the mechanisms of these changes are not fully understood. So far,
it has been shown that HG influences the properties of many cells, including the ECs. High
glucose concentration induces phenotypic switch and modifies the intracellular signaling in
vascular ECs [1]. Cells exposed to HG are in the condition of hyperglycemia and the
increased metabolism of glucose in ECs increases the reactive oxygen species (ROS)
production, which in turn triggers the apoptosis of ECs [2,3].
In the present work, the impact of HG condition on endothelial cells was studied. The
measurements in a form of Raman mappings were collected at the excitation of 532 nm
(Witec alpha 300 system). Human Aorta Endothelial Cells (HAoECs) were stimulated with
glucose supplemented in a medium (in concentrations of 25 and 5 mM, so at high (HG) and
low glucose (LG) condition, respectively) for 24h. The higher content of unsaturated lipids in
the cytoplasm was observed in cells exposed to the high glucose concentration, whereas at the
LG condition, the cells behaved comparably to the control. An increased production of
unsaturated fats in the vicinity of the cell nucleus may be associated with an increased activity
of the endoplasmic reticulum. The ratio of the bands at 1656 cm-1 to 1444 cm-1 was calculated
(IC = C / ICH2) and shown similarity to α-linolenic acid (LnA, 20: 3). It should be noted, that the
LnA (20: 3; ω-6) is not synthesized de novo in the cell and is an essential fatty acid and has to
be provided with food. However, taking into account this fact, the presence of LnA in the
indicated areas of the cytoplasm the signals rather not originates from LnA. It is rather
coming from a mixture of lipids with varying degrees of unsaturation.
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This research is directed onto the recognition of endothelial dysfunction associated with
several lifestyle diseases by the collection of FTIR spectra of blood plasma. The dysfunction
of endothelial cells that are lining the vascular walls is associated with platelet activation, proinflammatory and pro-thrombotic mechanisms, which are expected to affect the concentration
and structure of major biocomponents of plasma. Here, we focus on several animal models
representing systemic and pulmonary hypertension, diabetes, atherosclerosis, breast cancer
and its metastasis to lungs, which are strongly conjugated with an improper function of the
endothelium. We investigate acute states of the disorders, the progression of the diseases as
well as an effect of treatment to assess to what extent infrared spectroscopy is sensitive to
such events. This contribution shall highlight primarily differences between chosen disorders,
which can potentially provide an insight into spectral diagnosis and mechanism specific for a
given disease. In addition, we will discuss a proof of principle study on applied 0.5 µL drops
of blood, to discriminate samples obtained from the dataset, including data analysis
techniques to enable this. We will describe our approach to diagnose civilization diseases
based on the blood plasma via FTIR imaging spectroscopy in combination with advanced
multivariate statistics for the selective identification of each disorder [1-3]. The plasma
deposits samples were analyzed with an Agilent FTIR spectrometer equipped with a 128x128
FPA detector and then with the support of PCA and LDA methods. PCA analysis clearly
differentiated the advanced state of the diseases with variance of ca. 15-60 % for the entire
spectral region exhibiting IR bands. Interestingly, the major discriminators found in PC
loadings plots suggested that both type of hypertension are mainly characterized by changes
in the secondary structure of proteins and the content of free amino acids whereas diabetes
and atherosclerosis showed an increase of absorbances in the regions of bands attributed to
lipids and fatty acids. In turn, plasma of cancer metastasis exhibited spectral features
associated with a higher level of phospholipids and phosphorylated proteins. Interestingly, all
disorders studied here showed a higher level of tyrosine-rich proteins and RNA than the
corresponding controls. These studies show the powerful capability of FTIR spectroscopy for
the discrimination of several diseases and their progression.
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Vibrational spectroscopy has big potential in microbiological and medical diagnostics.
However, often it is limited by small signal to noise ratio caused by the weak brightness of
broadband light sources. In order to fully exploit the potential of MIR spectroscopy, we are
developing a measurement platform based on semiconductor quantum cascade laser
frequency combs.1 Frequency combs emit light of many, clearly defined wavelengths. In a
dual-comb spectroscopy setup, two optical frequency comb sources are superimposed on a
detector.2 The multi-heterodyne detection relies on down-mixed beatnotes of the two combs
with very similar repetition rates, effectively mapping the optical frequencies (THz) down to
the radio-frequency domain (up to GHz). The heterodyne beatnotes can be measured with
conventional electronics, allowing for spectral analysis without refractive, diffractive, or
movable elements.
The advantage of the dual-frequency comb measurement approach is its extremely fast
spectral analysis combined with its robustness due to no moveable elements involved. We
will present spectral analysis with a spectral coverage of ~70 cm-1 and a time resolution of
<5 µs. Our development goes towards a small size and robust measurement platform with an
optical bandwidth of >150 cm-1, spectral resolution of 0.25cm-1, and µs-measurement speed.
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Polyphenolic compounds constitute one of the largest groups of plant metabolites. It
displays a vast array of molecular structures and cellular effects. In the past few decades,
significant advances enabled researchers to investigate the potential use of phytochemicals to
treat or manage a plethora of chronic diseases including inflammatory diseases, cardiovascular
abnormalities and various types of cancer.1 In fact, antitumor properties of some polyphenols
such as curcumin have been already demonstrated as they can affect the different stages of
carcinogenesis. Traditionally in pharmacology, new anticancer drugs are evaluated for their
potential to inhibit the proliferation of cancer cell lines (IC50 measurement). This approach is
obviously not sufficient, and molecules with new modes of action are especially needed.
Considering the number of natural polyphenolic compounds already discovered and their
numerous actions against cancer, it could be interesting to compare their differential effect on
cancer cells. In the end, a preliminary classification of these molecules, based on the druginduced cell metabolic modifications, could be established. Such a classification would help to
combine molecules acting on diverse signal transduction pathways and foster synergies. The aim
of this work is then to investigate and compare the differential effects of various polyphenols on
cancer cells by infrared spectroscopy and to use it as a prediction tool for the effects of unknown
polyphenols. To achieve this, infrared spectra of cultivated cells exposed to polyphenols at their
IC50 are suggested to provide a precise signature of the “mode of action”. It has been recently
demonstrated that the infrared spectrum of cells exposed to anticancer drugs can offer a
representative fingerprint of the metabolic changes induced by the drugs.2–5 Interestingly this
new systemic approach characterizes all the information from the genome, the proteome, the
lipidome and the metabolome.
We examined the effects of various polyphenols on the epithelial breast cancer cell line
MDA-MB-231, derived from a metastatic site. In a first step, the IC50 at 72 hrs incubation time is
determined for each polyphenol using the cell viability ATP assay. For FTIR spectroscopy, the
cancer cells are then exposed to the IC50 concentration of each polyphenol for 24 hrs. Cells are
then harvested, washed in an isotonic solution and deposited on ZnSe 96 wells plate. Finally,
infrared spectra are recorded using an HTS-XT connected to a Bruker FTIR spectrometer. The
microplate extension HTS-XT allows high-throughput screening by FTIR spectroscopy. Spectra
are processed with the program “Kinetics” running under Matlab. Unsupervised multivariate
statistical analyses such as principal component analyses and supervised statistical analyses such
as partial least square discriminant analyses are used to compare the different polyphenols.
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In medicine, an early decision on the right course of treatment can make the difference
between life and death. Therefore, the rapid availability of test results can be crucial. Devices
that facilitate medical testing at or near the point of patient care (Point-of-care Testing,
POCT) significantly reduce the time between drawing the sample and receiving the test
results. Hence, this will become increasingly relevant in modern day diagnosis and therapy.
At this point, multiparameter POCT is available for only few parameters since every single
analyte requires a highly specific indicator substance. Infrared spectroscopy is a very
promising technology for new POC devices since it enables a marker free, parallel analysis of
various medical parameters in one unaltered sample. In combination with multivariate
statistical modeling, a sufficient quantitative prediction of the investigated substances can be
achieved. Another challenge in IR-spectroscopy based POCT is the size and usability of the
device. Preferably POC devices are small, mobile, and easy to use. However, most high-end
FTIR- spectrometers do not meet these requirements. Our approach is to use modern microspectrometers to exploit the advantages of mid-IR-spectroscopy with a new compact detection
system. Here results of our initial study on the determination of selected high-content blood
contents i.e. albumin, total protein, and ethanol, will be shown.
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The endothelium, a unicellular layer lining blood vessels, is a major player controlling
vascular tone, blood pressure, platelet activation, thrombosis and inflammation. Maladaptive
alterations of these mechanisms that occur in endothelial dysfunction leads to many diseases
including type 2 diabetes, hypertension and cancer metastasis.
Due to a very small thickness of endothelium (in humans its thickness varies from less than
0.1 µm in capillaries and veins to 1 µm in the aorta[1]), a proper methodology is necessary to
visualize and analyse changes occurring in endothelial cells upon pathology developments. In
this work, 3D Raman and AFM imaging-based approach was used to investigate pathological
changes in the endothelium in murine models of the above-mentioned pathologies.[2-3]
Endothelial dysfunction manifested on the biochemical level in a very different ways for
studied diseases. Still in every case resulted in considerable chemical alterations in the vessel
wall of animals with developed pathology compared to the control. These chemical changes,
analysed in detail in this work, might be a base for future in vivo diagnosis based on the
identification of the biochemical status of endothelium by Raman-AFM combined approach.
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By combining a conventional microscope with a Raman spectrometer the investigation of
single bacterial cells is enabled.1 By using this approach, time consuming cultivation steps
can be omitted entirely. Raman spectra of bacterial cells, suitable for identification purposes,
can be acquired within seconds. Raman spectroscopy not only offers a high speed and
sensitivity, but is also capable of providing valuable information about the chemical
composition of the cells and consequently allows distinguishing between different species or
even strains.2 However, regarding real-world samples it has to be considered, that the
bacterial cells might be concealed in a more or less complex sample matrix. In order to
acquire suitable spectra without the disturbing influence of other sample components,
isolation and enrichment steps are necessary.3
Within this contribution Raman compatible options for a chip based isolation of whole
microbial cells will be introduced. The Raman measurements of the isolated cells can be
performed directly on the chip platform. Since the identification is achieved via the specific
Raman spectra of the bacteria, capture probes which target a broad range of species are the
preferential choice. For example antibodies against lipoteichoic acids and lipopolysaccharides
have been successfully employed for isolation of various species.5 Antibiotics or siderophores
are further promising options. Due to the wide spectrum of bacterial species which can be
accessed with the stated capture molecules, the applicability of the system in the biomedical
field is accordingly diversified.
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The point of our study was to analyze human lenses with cataract and find out the
changes depending of illness level. Cataract is mostly associated with the age of patient and
decreasing the transparency of lenses caused by the change of its chemical structure and phase
composition. In order to solve the problem the surgical operation is required to remove the
cloudy lens and replaced it by the eye lens polymer. The dynamic development of ophthalmic
surgery methods enabled the introduction of modern operative techniques, nevertheless
complicated cataract removal remained a challenge for operators. One of constantly
performed methods of subluxated cataract removal in peculiar cases is cryoextraction.
Extraction of the lens as a whole provides a broad spectrum of possibilities to analyze both
physical and chemical properties of cataractous lens.
In this work experimental materials were obtained from the lens removed during
surgical intervention from a 60 year old female patient, urgently admitted to the Clinic in
Warsaw in order to undergo a cataract surgery of the right eye. The patient in
ophthalmological history reported high myopia, the wear of glasses since childhood and no
occular surgeries. Patient’s overall status included history of diabetes mellitus and hepatitis
C treatment. The cataractous lens was extracted with the cryoprobe.
The sample was cryo sectioned and prepared as a 10 µm thick section placed on: Mylar
foil, CaF2 windows and the adjacent section was placed on microscopic glass for
histopathology examination. 2D FTIR map was performed using the Thermo Scientific™
Nicolet™ iN™10 MX Infrared Imaging Microscope in transmission mode with 6 µm spatial
resolution. Matrix detector was used in this case. AFM-IR measurements were done using
NanoIR2 Anasys instrument. Atomic force microscopy (AFM) can provide information on
the morphology and mechanical properties of the species while the infrared spectroscopy (IR)
can describe changes in protein secondary structure.
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. who
analyzed lenses by vibrational spectroscopy. Our results indicate that the β-sheet structure
was a predominant component in Amid I.
This project has been supported by the National Science Centre Poland under decision
no. DEC-2012/05/B/ST4/01150. The research has been also carried out under the project cofunded by the Malopolska Regional Operational Program Measure 5.1 Krakow Metropolitan
Area as an important hub of the European Research Area for 2007-2013.
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Vibrational spectroscopy is a rapid, cheap and non-destructive technique that has previously
been used to identify bacteria. In contrast, current established identification techniques (cell
culture and genetic analysis), are often costly and time consuming processes.
The ability to rapidly identify bacteria offers utility in a number of important areas: for
instance the current UK national strategy lists the use of biological warfare agents (BWAs) as
a tier 1 threat, the highest of the threat levels making identification of them a major priority.
These pathogens could be left in natural environments for prolonged periods of time on
various different backgrounds after their initial release. Natural environments can be
classified based on ten factors. For this work five of these factors have been down selected to
be used with two different environments, these were hot dry and wet warm climates. This
project looks at the effect that environmental conditions have on the spectral signature of
bacteria including the surface on which they are found. The bacteria chosen for this study
include surrogates of warfare agents and bacteria that are commonly found in the
environment.
The approach taken during experimental design was to use six bacteria of known identity and
identify them using vibrational spectroscopy to prove the techniques’ capability before
building on previous research that has taken place to develop a methodology that has two
main aims. Firstly to identify bacteria found on complex substrates and secondly identify
bacteria that have been affected by environmental conditions. This will create a large number
of variables that are to be investigated using the optimum spectroscopic technique, down
selected from preliminary studies. In order to reduce the number of experiments required,
whilst still ensuring that all potentially important parameters are investigated, a fractional
factorial design will be performed.
Developing a methodology that can be used on a handheld spectrometer would mean that the
technique could be used for rapid, in situ identification of bacterial samples in ‘real world’
scenarios reducing the possible consequences of a natural or deliberate release of bacterial
pathogens.
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Colorectal cancer (CRC) is a common cancer that occurs in both genders. Diagnostic tools
available for screening CRC, i.e. fecal occult blood tests and colonoscopy, are well known to
have rather limited sensitivity and specificity. This has motivated us to develop a clinical
imaging technique based on stimulated holographic endoscopic Raman spectroscopy (SHER)
for early, direct and safe detection of CRC in vivo. Raman spectroscopy has shown excellent
results for detection of cancer [1], but, due to long integration times and the necessity to
measure in the dark the method has not entered clinical settings yet. In stimulated Raman
spectroscopy (SRS) photons are transferred from the pump beam (shorter wavelength) to the
Stokes beam (longer wavelength) through stimulated emission with a frequency difference
between the two beams that equals to a molecular vibration of interest. SRS has many
appealing features compared to competing techniques: the light efficiency is several orders of
magnitude larger than for spontaneous Raman, the spectral response is narrow band, Raman
spectra are identical to spontaneous Raman spectra and are free from background noise as
compared to coherent anti-Stokes Raman scattering (CARS), and SRS has excellent 3D
sectioning capability and can operate at video speed rate [2]. It should, however, be noted that
the SRS signal to noise ratio is very small and the signal can be buried in the laser noise. One
way to solve the problem is to modulate the SRS signal temporally and detect the modulation
using lock-in technique [3]. In our technique, we take advantage of the coherence of the SRS
signal with the incident laser beam and couple it to digital holography for imaging. This has,
to our knowledge, not been demonstrated previously. Promising results have been achieved
on a Plexiglas (Poly(methyl methacrylate)) slab [4], and recently even single laser shot SHER
images could be generated.
In order to find the optimum settings for the SHER imaging of colorectal tissue, conventional
Raman spectra of normal and cancerous tissue have been taken. The Raman shifts with the
largest differences between the two tissue types were phenylalanine at 1003 cm-1, DNA/RNA
at 1305 cm-1, C-H-bending at 1448 cm-1, Amide I at 1660 cm-1, as well as the high
wavenumber bands at 2854 cm-1, 2874 cm-1 and 2934 cm-1. First experiments with SHER
images of viscous cod liver are now performed in the transmission mode. In a next step fresh
tissue slices will be registered in the reflected mode. In this presentation, the latest progress
will be discussed.
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Table 1
Thermal Stress
OSCC
20°C (4 hs)
TS_CTRL
TS_1
45°C (4 hs)

TS_2
TS_3

Absorbance/a.u.

FTIR microspectroscopy is considered an appropriate tool to point out different spectral
patterns, above all related to nucleic acids, plasma membrane permeability and protein
content, in healthy, apoptotic and necrotic cells.1
Hyperthermia is applied in cancer therapies, to support chemotherapy for enhancing and
amplifying drugs’ effects. It has been shown that direct heat exposure of cells (at temperatures
up to 45°C) can cause protein degradation, DNA damage, genetic alteration and cell death,
implying tumor shrinkage.2
Among all malignancies in human body, oral cavity cancer accounts for approximately 3%,
with Oral Squamous Cell Carcinomas (OSCC) representing the main occurrence.
The present study represents the first approach to use hyperthermia on living primary cultures
cells from G3 OSCC. To evaluate the effects induced by thermal-stress, cancer cells were
maintained in physiological solution at a temperature of 45°C for 4 hours and analyzed by
using a biocompatible IR-transparent microfluidic device (in-house build).3
Four different aliquots of living OSCC were collected and divided as reported in Table 1. All
the samples were cyclically analyzed under 4 hours of thermal treatment (TS_CTRL at 20°C;
TS_1, TS_2 and TS_3 at 45°C). In particular, for each sample, 15 to 20 cells were selected
and measured in transmission mode by using a Vis-IR Hyperion 3000 microscope coupled
with a Vertex 70 interferometer (Bruker Optics GmbH, Germany). All the spectral data were
submitted to statistical analysis. By comparing spectral profiles of thermal stressed OSCC
with respect to CTRL ones, tiny changes were observed in Amide II bands, proteins
secondary structure, PhII moiety and nucleic acids (Fig. 1).
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Figure 1: average spectra (DII) of TS_CTRL and
TS_2 after 4 hs of thermal treatment.
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Hypoxia is a frequent feature of solid tumors, and especially gliomas, and is associated with
poor prognosis, resistance to radio- and chemotherapy, and tumor aggressiveness. In order to
adapt therapeutic treatment to patient specific state there is a need to develop diagnostic tools
suitable for widespread clinical practice to measure tumor hypoxia, its extent and its
evolution. Since tumors are highly heterogeneous with normoxic, chronic or acute hypoxic,
and necrotic regions, global measurements may be misleading and spatially resolved
information is required. Metabolic changes such as increased glucose uptake and lipid
accumulation are intrinsic markers of the energy metabolism shift occurring during hypoxia,
hence, we propose that FTIR microspectroscopy could be a good tool to detect and measure
the extent of hypoxic regions in tumor biopsies.
We investigated the potential of the method at the single cell level on cellular models in 2
glioblastoma cell lines in 2D culture, in HeLa cells, and in short term primary cultures derived
from patient glioblastoma. We examined several hypoxic conditions mimicking those found
in tumors: mild and severe hypoxia (1% and 0.1% O2 respectively); acute (1 day), transitory
(3 days) and chronic (5 days) hypoxia. The effect of the hypoxia mimetic drug
dimethyloxalylglycine (DMOG) -an inhibitor of prolyl-hydroxylases, capable of upregulating
HIF1 – was also studied. The most prominent and common change induced by mild hypoxia
was an increase in lipid signal in all cell, and an increase in glycogen in the U87MG cell line.
Each cell line presented an additional individual metabolic fingerprint. The spectral signature
did not change markedly in severe hypoxia, and did not increase with the duration of the
hypoxic stress, on the contrary it became more difficult to detect in the chronic hypoxia
condition. The hypoxic signature was well replicated by DMOG.
Since respiration is essentially a mitochondrial event, we hypothesized that the hypoxic
signature may be different in the spectra of the cytoplasm and in the spectra of the whole cell
which are dominated by absorption from the nucleus. Spectra were thus recorded separately in
the nucleus and in the cytoplasm of the D566MG glioblastoma cells thanks to the synchrotron
source. Different hypoxic signatures were recorded in both compartments and we observed
that this method improved the detection of hypoxia, particularly in the chronic hypoxia.
In conclusion, FTIR microspectroscopy allowed the detection of a spectral signature of
hypoxia in all cell lines and all conditions investigated. As a follow-on experiment, we started
searching this signature in tumors from an animal model of hypoxia.
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Ultrastructural and Chemical Investigation of Functionalized Wood Cell
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In nature, combinations of different materials, such as polymers and minerals, are abundantly
used to achieve outstanding properties and multifunctionality.
Wood, a hierarchical structured material down to the nanoscale can serve as a scaffold for the
formation of new multifunctional materials through in-situ polymerization, mineralization and
nano-particle infiltration.
In polymerization, the presence and penetration of the monomer into the cell wall is hardly
distinguishable in electron microscopy due to the similar electron densities of wood and the
polymer. Raman Microscopy, combined with multivariate methods allows for a visualization
of the chemical features of the synthetic organic compound (1).
In terms of the mineralization of wood by calcium carbonate, Raman-based Vertex
Component Analysis shows the distribution of different crystalline phases formed in different
anatomical regions of the wood structure (2).
The infiltration of pre-synthesized nanoparticles into the cell wall structure opens a new path
for cell wall modification and a fundamental study of the nanoporous system. Due to
resolution limits especially in organic materials, scanning electron microscopy does not allow
for a detection of these ultra-small particles in the nano-porosity of the cell wall, while a
spatially resolved chemical detection using Raman Microscopy is feasible (3).
In combination with Light and Electron Microscopy, Raman Microscopy can be meaningfully
used to monitor the ultra-structural and chemical changes during functionalization procedures.
Especially through the application of multivariate analysis methods, a simultaneous
monitoring of cell wall components and integrated functionalizing materials is possible,
yielding a detailed picture of the presence and penetration depth in cell wall structures.
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The classification and identification of pollen samples is still challenging and time-consuming
since it is currently based on the morphological investigation of pollen grains. In order to use
specific molecular information for this analytical task, methods of vibrational spectroscopy
can be combined with multivariate statistics. It has been shown that Raman1- and infraredspectroscopies2 can be applied and used for automated pollen detection. In Raman spectra of
some pollen species, however, a high fluorescence background can be observed that hinders
accurate pollen classification. Since SERS provides significant fluorescence quenching
together with high signal enhancement, pollen detection based on SERS of aqueous pollen
extracts is promising. In order to get highly reproducible SERS spectra of this extracts
immobilized nanoparticles can be used.3 Here we demonstrate that reproducible speciesspecific classification of pollen extract SERS data is also possible with high numbers of
spectra that are obtained using nanoparticle suspensions.4 With this simple experimental
procedure several thousands of spectra can be generated in a short period of time. To make
use of this high amount of data artificial neural networks (ANNs) were applied. It is shown
that ANNs can be used for taxonomic classification and identification and to extract the
taxonomically relevant information from the data. Since aqueous pollen extracts are used, this
method enables a selective characterization of the water soluble fraction that mostly contains
cellular components devoid of the spectral contributions of the insoluble sporopollenin outer
layer.
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AFM-IR Nanospectroscopy of Aggregated Thin Porphyrin Films:
Correlating Morphology with Intermolecular Stacking
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A comprehensive understanding of hierarchical self-assembly of low-dimensional
supramolecular systems at multiple lateral length scales is of fundamental importance for
applications in the field of nanobiology and biomedicine [1]. Metalloporphyrins serve as
active components in a wide range of biological systems. The optical and electronic properties
of metalloporphyrins can be varied by changing the molecular structure, including the size,
metal center, ligands, and specific side groups. Their capability to self-organize over a wide
range of length-scales spanning from a few nanometers up to hundreds of micrometers
highlights the importance of porphyrin-based organic systems as multifunctional building
blocks for synthesis of novel tailored materials for biosensing, molecular electronics, and
thin-film photovoltaics [2,3]. Although the morphology of porphyrin aggregates which
includes fractal or dendritic patterns has been studied extensively [4,5], their formation
mechanisms have remained unclear up till now.
For the first time, we show IR nanospectroscopic evidence that the particular morphologies
cannot be described purely as diffusion limited aggregation of single porphyrin molecules and
different stacking is the underlying cause of different supramolecular morphological patterns
in aggregated thin porphyrin films. In this work, we apply the AFM-IR technique and link
intermolecular stacking interactions to nanoscale heterogeneous environments by analyzing
infrared resonance shifts and broadening effects. This nanoscale spectroscopic technique is
based on photothermal induced resonance and measures the thermal expansion of the sample
resulting from IR absorption in a non-destructive fashion. This can be achieved by sending
low-power laser pulses at a repetition frequency that is synchronized to the mechanical
vibrational eigenfrequency of the AFM cantilever [6].
We compare the AFM-IR results to standard far-field FT-IR microscopic measurements of
large-area porphyrin aggregates.
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Up to date there are no reports on evaluation of human mesenchymal stem cells (MSC)
from different donors, grown under different environments and at different passages by means
of FT-IR spectroscopy.
Skin-derived MSC (S-MSC) from four donors were propagated in DMEM/F12 medium
supplemented with 10% FBS, 1% penicillium and streptomycin, with or without HEPES
buffer and grown on TCPS or chitosan coated glass slides. Cells were collected after 4, 5, 6,
7, 10, 12th or 13th passage. FT-IR spectra were registered on a microplate reader HTS-XT
(Bruker, Germany). In spectra of S-MSC were identified – lipids (3050–2800 cm−1, CH2 and
CH3 groups of fatty acids), proteins (1750–1500 cm−1, N–H and C=O and peptide bands),
fatty acids, proteins, and nucleic acids in the mixed region at 1500–1200 cm−1,
polysaccharides and carbohydrates (1200–900 cm−1). Quantitative analyses of S-MSC showed
variations in the macromolecular composition depending on the donor, growth environment
and passages. The content of total carbohydrates in S-MSC from different donors, grown
under the same environment and collected after 4th passage, varied from 13.9 to 23.1 % of dry
weight (dw), while the content of nucleic acids was similar (6.0-6,9 % dw), the protein
content varied from 55.0 to 63.0 % dw and the lipid content from 5.8 to 6.3 % dw. The
macromolecular composition of S-MSC from one donor was affected by the growth
environment and passage. The content of total carbohydrates varied from 14.9 to 27.4 % dw,
nucleic acids from 4.9 to 7.8 % dw, proteins from 52.4 to 60.6 % dw and lipids from 4.3 to
11.5 % dw. Consequently for rigorous assessment of the S-MSC quality or evaluation of the
cell response to specific factors, like nanoparticles, a particular protocol is of essential
importance.
Acknowledgments. This study was supported by the Taiwan-Latvia-Lithuania cooperation
project ″Mesenchymal stem cell and cancer stem-like cell response to nanoparticle treatment″.
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Since two decades, FT-IR spectroscopy appeared as a promising method for fast and
minimally invasive diagnostic1, 2. However, it failed to find its way toward routine clinical
application so far. One of the reason is the lack of simple tool for non-spectroscopists: ATR
plates are easy to use but lack transmission system sensitivity, which are more difficult to use.
Fiber evanescent wave spectroscopy (FEWS) brings some interesting solution3, however, here
again, simple and sensitive tools were missing for biological analysis, as main fiber material
on the market are silver halogenides that deteriorates in presence of water, the main biological
compound element. Chalcogenide glass fiber was the next step, it made possible to make
thinner fibers, hence more sensitive sensor; moreover using a hydro resistant and hydrophobic
material allowing better measurement of biological tissues4, 5. Here again, the chalcogenide
brittleness prevented their development, as well as the use of liquid nitrogen cooled infrared
sensor for FTIR spectroscope..
Encapsulated chalcogenide glass fiber sensors, coupled to uncooled detector FTIR
spectroscope solves this issue by providing simple and affordable sampling method. They are
disposable to avoid any cleaning and cross contamination issue. Their sensitivity and
reproducibility has been demonstrated over more than 2 000 measurements. Several
diagnostic are currently developed using this system, including liver disease diagnostic using
serum analysis, fast septic arthritis detection or bone infection diagnostic. Using such a set up
for FT IR diagnostic signature will allow a fast deployment of the results.
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Spectral Differentiation of Breast Cancer Cell Lines
in 2D and 3D Cultures by Infrared Imaging
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Breast cancer is a very heterogeneous illness, both at clinical and biological levels.
This heterogeneity makes the full characterization of individual cancer cells impossible.
Fourier Transform Infrared (FTIR) imaging of tissue sections allows obtaining for each pixel
of an image hundreds of independent potential markers, which makes this technique a
particularly powerful tool to distinguish cell types and their sub-types. During a
histopathological specimen examination, the IR spectroscopic approach is able to provide
molecular descriptors allowing us to recognize signatures of different breast carcinomas
found within the same tumor and possibly revealing features relevant to diagnosis, prognosis
and treatment personalization.
Yet, interpretation of IR spectra on histological sections requires a well-established
calibration. The goal of the present project is to demonstrate that IR imaging allows a precise
identification of a collection of well-characterized human breast cancer cell lines after
formalin-fixation and paraffin-embedding (FFPE), a processing routinely applied to tissue
samples. For this purpose, breast tumor epithelial cell lines have been grown in threedimensional laminin-rich extracellular (3D lrECM) matrix where their phenotypes are very
similar to the ones observed in real tissues. The 3D gel-like matrix was then processed as
biopsies. Sections of the paraffin-embedded samples were obtained using a rotary microtome,
deparaffinized and observed by IR imaging.
We found previously that FFPE-induced modifications of the FTIR spectra of cancer
cells grown as monolayers are identical for all tested cancer cell lines and that hierarchical
cluster analysis of the FTIR spectra from the various cancer cell lines form identical grouping
before and after FFPE processing [1]. Furthermore, a supervised statistical analysis resulted in
an almost perfect separation of spectra of cells grown in 2D and 3D lrECM cultures [2]. Our
results on 3D lrECM cultures indicate that the breast cancer cell lines are recognized as
epithelial by a supervised statistical model trained on tissue sections [3]. This suggests that
breast cancer cell lines grown in 3D lrECM matrix could be useful to create a spectral
database relevant of the variety of tumor types present in real tissues.
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FTIR spectroscopy in combination with multivariate analysis has been proven a powerful tool
for the identification of microorganisms. It is a sensitive biophysical technique, which
performs microbial identification at different levels such as genus, species and in some cases
even strains. For building multivariate identification schemes, regression trees built on
artificial networks have been frequently used [1]. Partial Least Squares Regression (PLSR)
methods are multivariate methods, which are widely used for classification or discrimination
problems, but which have been only rarely used for building identification trees for FTIR
spectroscopy data [2]. PLSR is based on latent variables, which enable biochemical
interpretation on the basis of regression coefficients or PLS components, a prerequisite which
they do not share with classification schemes based on Artificial Neural Networks (ANN).
Regression coefficients and PLSR components provide valuable information on the principal
differences among classes. In order to enhance interpretation different variable selection
techniques have been introduced for PLSR. Recently, the use of sparse PLSR has gained
interest both in the field of genetics and metabolomics and been applied to FTIR spectroscopy
data [3, 4]. By sparse PLSR, noise can successfully be suppressed and important chemical
bands can be highlighted.
The aim of this study was to investigate the use of sparse PLSR for classification problems.
As a test data set, spectra obtained from fifty-nine food spoilage mould strains were used[2, 5].
A regression tree based on a phylogenetic tree consisting of 5 levels (Division, Class, Genus,
Sub-genus and Species) and 13 different species in total was established. In each node, sparse
PLS discriminant analysis was used. The model achieved high classification results
(classification rate 85%) and even more importantly sparse and highly interpretable regression
coefficients.
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Background The basic defect in Cystic Fibrosis (CF), a multi-organ hereditary disease, relies on the
impaired expression/activity of the Cystic Fibrosis Transmembrane conductance Regulator (CFTR)
protein on the plasma membrane of secreting epithelia. It is caused by thousands different mutations in
the human CFTR gene and the most frequent is the F508 deletion (F508del) responsible for the
reduced expression and function of CFTR. New molecular compounds promoting the trafficking of
defective F508del/del CFTR to the proper place in the airway cell membrane (VRT-325, VRT-809) or
improving its function as a chloride channel (VRT-770) need to be tested in ex vivo cell systems
before to propose their evaluation in clinical trials. Unfortunately, current methods of assaying CFTR
either cannot be applied ex vivo (sweat test) on CF cell models or are time-consuming needing
extended manipulation of the sample (patch-clamp and single-cell fluorescence imaging via
DiSBAC2(3)). Fourier transform (FT) Infrared (IR) microspectroscopy (microFTIR) should be a valid
alternative to obtain quantitative and qualitative information on whole molecular composition and
biochemical changes in cells without the use of specific fluorescent probes and/or other forms of
sample pre-treatment. In association with methods for unsupervised multivariate data analysis,
microFTIR has proved to be an accurate method to classify cells and to identify drug-induced
biochemical changes in cell cultures 1-3.
Aims. To obtain proof of principle that microFTIR in combination with unsupervised multivariate data
analysis is suitable for testing the effects of molecular compounds targeting defective CFTR.
Methods. The FTIR absorbance spectra of several individual formalin-fixed F508del/del CFTRdefective CFBE41o- and normal control 16HBe14o- epithelial cells uniformly spread on a ZnSe
window were acquired in transmission mode at the DLS B22 IR beamline MIRIAM. Principal
Component Analysis (PCA) and Hierarchical Cluster Analysis (HCA) multivariate data analysis
techniques were applied to explore dataset to identify relevant variables and classify groups of cells.
To validate results interpretation, IR data were compared with those of complementary investigations
carried out in replicate samples. In particular CFTR expression was detected by flow cytometry 4 and
its functioning as chloride transported was measured by single-cell fluorescence imaging with the
trans-membrane potential-sensitive DiSBAC2(3) probe 5.
Results. CFBE41o- and 16HBe14o- cells not exposed to correctors were classified separately as well
as the spectra of untreated controls CFBE41o- and the spectra of CFBE41o- cells exposed to
correctors VX-325, VX-809 and of ABT-888, a poly ADP ribose polymerase (PARP) inhibitor.
Conclusions. Initially developed for targeting cancer cells, ABT-888 has proved to be active also in
the rescuing of defective CFTR as well as it seems less toxic than other correctors as indicated by IR
data validated by the results of complementary investigations.
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Carbon catabolite repression (CCR) is a regulatory phenomenon occurring in both lower
organisms like bacteria and higher organisms which allows the system to preferentially utilize
a specific carbon source to achieve highest metabolic activity and cell growth. CCR has been
intensely studied in the model organisms Escherichia coli and Bacillus subtilis. These studies
have shown that CCR is achieved by global and operon- specific mechanisms. Global
mechanisms include either the repression of catabolic genes that are involved in the
metabolism of secondary carbon sources via the prevention of activation of their transcription
(E. coli) or the expression of a repressor protein (B. subtilis) in the presence of glucose. In
both these cases, the phosphoenolpyruvate carbohydrate phosphotransferase system (PTS)
plays an important role. CCR has been studied extensively using enzyme assays, Western
blotting and mass spectrometric analysis.1
In this study, we have visualized this process in three species of naphthalene degrading soil
bacteria via Raman spectroscopy based stable isotope probing using a combination of 13C and
2
H isotope labeled carbon sources like glucose, galactose, fructose and naphthalene. Stable
isotope probing (SIP) is a technique in microbial ecology used to identify the uptake of
specific labeled substrates into different microbes without the need for cultivation. Raman
spectroscopy can be used to probe such an uptake of isotope as it results in changes in the
vibrational frequencies of the biomolecules like proteins and lipids which can be observed as
minute but prominent changes in the Raman spectra.2 We hypothesized that the flow of
carbon from the different labeled sources into amino acids and proteins in general would be
different for different substrates depending on the preferability of the bacteria towards the
metabolism of a specific substrate and this can be monitored via Raman spectroscopy based
SIP.
Our preliminary results show that Raman spectroscopy based SIP has the potential to be used
to study regulatory processes like CCR in bacteria. We also shine light on identifying the
most efficient naphthalene degraders via this approach. We propose to project that this
method might be of relevance in applications to food industry like in mass production of some
enzymes wherein one could get an idea about the most efficient substrate. And also in
bioremediation, where we can by tracking the carbon flow into other biomolecules obtain
information regarding the microbes ability to utilize the carbon derived from toxic compounds
for the cell growth and reproduction. Most importantly, it might be possible via this approach
to identify the most efficient microbes associated with bioremediation.
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Raman spectroscopy is a powerful tool to obtain a whole fingerprint of biological tissues and
cells for chemical, structural and environmental analysis. Combining Raman with scanning
microscopy applications we observe molecular and spatial resolved images at nanometer or
micrometer scale that can reveal structural information of a multidimensional sample.[1., 2.]
An even more important advantage is the possibility of using signal processing and
multivariate techniques to extend the capabilities for systematic and automated analysis of
complex samples such as plant sections.[1.]
Here, we used this microspectroscopic technique for a systematic analysis of the tissues in
different organs of cucumber (Cucumis sativus) plants: leaves, stems and roots. Cross sections
were cut with a vibratome without embedding, on the one hand to accelerate the sample
preparation, but most important to prevent contamination of the sample by embedding media.
To observe the spectral fingerprint of cucumber cells, we used a confocal Raman microscope
with visible laser excitation. The spectral images were acquired with 1 µm step size point by
point for 1 s per spectrum. Comparing the Raman maps, the xylem cell walls can be
subdivided based on their chemical composition. In dependence on the organ, the substructure
of the cell walls varies. The different layers, that is, secondary wall, compound middle lamella
and cell corner, respectively, can be defined according to lignin and cellulose amounts.
The new compositional and morphological information about the different cucumber tissues
can contribute to better understand the influence of specific growth conditions on the structure
of complex plant tissues.
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