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09:30 - 09:40

Opening remarks
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09:40 - 10:00

Bayden R. Wood (Clayton, Australia)
Detection of Viral and Immune Response Markers Using Vibrational
Spectroscopy

10:05 - 10:25

Ioan Notingher (Nottingham, U.K.)
Raman Spectroscopy and Stable Isotope Labelling for Monitoring HostPathogen Interaction in Live Cells
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10:30 - 10:50

Ute Neugebauer (Jena, Germany)
Overview of Phenotypic Antibiotic Susceptibility Testing Methods of
Pathogenic Bacteria Using Photonic Readout Methods

10:55 - 11:25

Coffee Break
Session chair: Ariane Deniset-Besseau

11:25 - 11:40

Richard A. Dluhy (Birmingham, USA)
Characterization of Extracellular Vesicles Derived from Red Blood Cells
Using Raman Spectroscopy and Machine Learning

11:45 - 12:05

Kang Soo Lee (Zurich, Switzerland)
Raman Microspectroscopy to Enable Automated Live Sorting of
Isotopically Labelled Microbial Cells for Genomics and Ecology

12:10 - 12:25

Natalia Ivleva (Munich, Germany)
SERS Analysis of Microorganisms: Limitations and Applicability on the
Single-Cell Level

12:30 - 12:45

Malama Chisanga (Manchester, U.K.)
Identification of Industrially Relevant Bacteria in Mixed Microbial
Communities Using Raman and SERS Combined with Stable Isotopic
Labeling
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Session chair: Kamilla Malek
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Maria Paula Marques (Coimbra, Portugal)
Widening the Frontiers in Forensic Profiling: Probing Burned Human
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Phil Heraud (Clayton, Australia)
Predicting Growth Temperatures for Southern Ocean Phytoplankton Past
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Mickael Baqué (Berlin, Germany)
Supporting Future “Search-for-Life” Missions: Spectroscopy Analysis of
Biosignatures After Space and Mars-like Environment Exposure
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Krzysztof Banas (Singapore, Singapore)
Reliable and Robust Model for Fast Identification and Detection of
Counterfeited EBN Products by Using FTIR Microspectroscopy

15:30 - 16:00

Coffee Break
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Session chair: Natalia Ivleva
16:00 - 16:15

Valeria Tafintseva (Ås, Norway)
Quality Test for FTIR Spectra and Pre-processing of FTIR Images Using
Extended Multiplicative Signal Correction

16:20 - 16:30

Ilaria Idini (Didcot, U.K.)
Changing the Face of Clinical Diagnostics Using Fourier Transform
Infrared (FTIR) Spectroscopy

16:35 - 16:45

Mustafa Kansiz (Melbourne, Australia)
Life Science Applications Using Novel Submicron Simultaneous IR &
Raman Microscopy – A New Paradigm in Vibrational Spectroscopy

16:50 - 17:00

Matthias Godejohann (Martinsried, Germany)
QCL-Based IR Microscopy: The Power of Real-Time Chemical Imaging

17:15 - 19:00

Poster Session

Poster Session
P1

M. Darvin (Berlin, Germany)
Application of Raman Microscopy in Analysis of Barrier-Related Parameters of Human
Stratum Corneum in vivo

P2

C. Sandt (Gifsur Yvette, France)
QUASAR
Intuitive Machine Learning Software for Spectroscopic Data

P3

S. Delbeck, H.M. Heise, (Iserlohn, Germany)
Monitoring of the Insulin-Dependent Glucose Metabolism of Human Monocytes in Cell
Cultures by Microdialysis and Infrared Spectrometry

P4

Ch. Wichmann (Berlin, Germany)
Is Freezing of Bacterial Samples the Way to Go?

P5

R. Guliev (Moscow, Russia)
The Use of FTIR for Reliable Bacterium Identification

P6

C. Beleites (Wölfersheim, Germany)
Cross-Validation Revisited: Using Uncertainty Estimates to Improve Model Autotuning

P7

O. Bozkurt-Girit (Ankara, Turkey)
Characteristics and Fiber Type Specific Distribution of Lipids in Skeletal Muscles of
Berlin Fat Mice Inbred (BFMI) Lines

P8

Z. Heiner, F. Yesudas (Berlin, Germany)
Probing One- and Two-Component Lipid Monolayers by Nonlinear Vibrational
Spectroscopy
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P9

A. Banas (Singapore, Singapore)
Characterization of Compositional Changes in Fluoride- and Laser-Treated Enamel
Caries Lesion

P10 S. Garip Ustaoglu (Istanbul, Turkey)
Application of Fourier Transform Infrared (FTIR) Microspectroscopy for the Assesment
of Bone Quality
P11 S. Vogt (Tübingen, Germany)
Comparison of Fourier-Transform Infrared Spectroscopy and Whole Genome
Sequencing for Strain Typing of Enterobacter cloacae Complex
P12 T. Grunert (Vienna, Austria)
Molecular Signatures of Fresh and Frozen/thawed Poultry Meat –
Meat Authenticity Testing Using Machine Learning Assisted FTIR Spectroscopy
P13 A. Nakar (Jena, Germany)
Differentiation of Enterobacteriaceae using Single Cell Raman Spectroscopy
P14 J. Waeytens (Lillois, Belgium)
Investigation of Single Amyloids Fibrils at the Nanoscale: Challenges and Prospects
using IR Nanospectroscopy AFMIR
P15 P. Mamaeva (Moscow, Russia)
ATR-FTIR Spectroscopy to Study Interaction of Mannose-Modified Polymers and Liposomes
with Lectins
P16 M. Pucetaite (Lund, Sweden)
Sub-Micrometer Infrared Spectroscopy of Soil Fungal Exudates
P17 C. Paluszkiewicz (Krakow, Poland)
Examination of Selected Body Fluids Using Vibrational Spectroscopy
P18 W. M. Kwiatek (Krakow, Poland)
Investigation of Pathological Tissues Using Nanoscale Spectroscopy
P20 G. Azemtsop Matanfack (Jena, Germany)
Probing the Metabolic Activity State and the Functions of Single Heterotrophic
Bacterial Cells via Raman Microspectroscopy and Stable Isotope Labeling
P21 M. Grube (Riga, Latvia)
Evaluation of Interactions Between DNA and Salts of 1,4-Dihydropyridine AV-153 by
FTIR Spectroscopy
P22 M.A.B. Hedegaard, S. V. Pedersen (Odense, Denmark)
Forward Scattered Raman-Computed Tomography for 3D Imaging
P23 H. Shen (Jena, Germany)
Photonics as a Non-Destructive Investigation Strategy for Biofilms
P24 B. Lorenz (Jena, Germany)
Screening of E. coli Pathogenicity by Raman Microspectroscopy
P25 F. Madzharova (Berlin, Germany)
Multimodal Two-Photon Biospectroscopy Using Composite Plasmonic-BaTiO3
Nanoprobes
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P26 G. P. Szekeres, C. Spedalieri (Berlin, Germany)
Biocompatible Nanostructures for Label-Free SERS in Living Cells
P27 N. Unger (Jena, Germany)
Intracellular Raman Micro Spectroscopic Detection of Spectral Characteristics of
Chlamydia abortus in Infected Buffalo Green Monkey Cells
P28 F. Severcan (Istanbul, Turkey)
Infrared Spectroscopy is a Promising Method in Disease Diagnosis from Body
Fluids
P29 M. Severcan (Istanbul, Turkey)
Discrimination of Acutely and Gradually Heavy Metal (Cd or Pb) Acclimated
Fresh Water Bacteria by FTIR Spectroscopy Coupled with Chemometrics
P30 T. Lindtner, V. M. Rodriguez Zancajo (Berlin, Germany)
FTIR Microspectroscopy of Organic and Inorganic Components of Plant Cells
P31 A. R. Walther (Odense, Denmark)
Fiber-optic Volume Probe for Subsurface Raman Spectroscopy in Turbid Media
P32 A. Dogan (Istanbul, Turkey)
Adipose Tissue in Inappropriate Lipid Storage
P33 A. Pistiki (Jena, Germany)
UV-Resonance Raman Spectroscopy of Inactivated Bacterial Pathogens for
Determination of Resistance to β-Lactams and Carbapenems
P34 S. Eiserloh (Jena, Germany)
Visualizing an Intracellular Infection of Buffalo Green Monkey Cells by Coxiella
burnetii with Raman Micro-Spectroscopy
P35 S. Diehn (Berlin, Germany)
Identification of Grass Pollen Species Using FTIR Microspectroscopy on Embedded
Pollen Grains
P36 Karlis Shvirksts (Riga, Latvia)
FTIR Spectroscopy as a Tool for Basic Yeast Physiology Assessment
P37 M. Lassen, H. Kerdoncuff (Hørsholm, Denmark)
Sub-Shot Noise Coherent Raman Spectroscopy for Bio-optical Applications
P38 C. Whitley (Liverpool, U.K.)
New Statistical Algorithms and Scanning Methods for the Early Diagnosis of Cancer
P39 D. E. Bedolla (Clayton, Australia)
A Combined Study on the Damage by Soft X-Rays on Ultralene, Paraffin and on
Paraffin-Embedded Fixed Tissues Using FTIR Spectroscopy and X-Ray Fluorescence.
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Friday, October 11, 2019
Session chair: Janina Kneipp
09:00 - 09:20

Monika Ehling-Schulz (Vienna, Austria)
Differential Diagnostics of Bacillus cereus Group Members via Machine
Learning Based FTIR Spectroscopy

09:25 - 09:45

Jörg Rau (Waiblingen, Germany)
MALDI-TOF MS and FT-IR Spectroscopy for Potentially Diphtheriacausing Corynebacteria – Cases and Applications

09:50 - 10:10

Angela Novais (Porto, Portugal)
At the Front Line of Klebsiella pneumoniae Capsular Polysaccharides
Knowledge: FT-IR Spectroscopy as a Cost-effective Strain Typing Tool

10:15 - 10:30

Petra Rösch (Jena, Germany)
The Application of Different Raman Spectroscopic Techniques on
Bacterial Samples

10:35 - 11:05

Coffee Break
Session chair: Richard A. Dluhy

11:05 - 11:25

Norman Mauder (Bremen, Germany)
The Bruker IR Biotyper. Development from Concept to Solution

11:30 - 11:50

Ashraf Ismail (Montreal, Canada)
Implementation of the New Generation of Compact ATR-FTIR
Spectrometers for Microbial Identification and Typing in Clinical
Settings

11:55 - 12:10

Ariane Deniset-Besseau (Orsay, France)
Chemical Speciation of Abnormal Deposits in Kidney Biopsy Using
Infrared Nanospectroscopy AFMIR

12:15 - 12:30

Luca Quaroni (Krakow, Poland)
Nanoscale Infrared Measurements of Intact Eukaryotic Cells

12:35 - 12:50

Oxana Klementieva (Lund, Sweden)
New Light on Alzheimer’s Disease: Novel Infrared Nanoimaging of
Amyloid Beta-sheet Structures Directly in the Neurons

12:55 - 13:55

Lunch
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Session chair: Peter Gardner
13:55 - 14:10

Michael C. Martin (Berkeley, USA)
Brain Cell Phenotyping by Infrared Spectroscopy

14:15 - 14:30

Janina Kneipp (Berlin, Germany)
SERS of Cells and of Pure Molecules (Nothing Compares)

14:35 - 14:50

Mark Tobin (Melbourne, Australia)
FTIR Microspectroscopy of Secondary Mineralization in EphrinB2Deficient Mice Displaying Brittle Bone Phenotype

14:55 - 15:20

Coffee Break
Session chair: Jürgen Schmitt

15:20 - 15:35

Kamilla Malek (Krakow, Poland)
Eosinophils and Neutrophils – A Combination of Raman and
Fluorescence Microscopy to Determine their Molecular Differences

16:40 - 16:00

Max Diem (Boston, USA)
Infrared Spectral Detection and Classification of Macrophage

16:00

Final Discussion, Concluding Remarks

16:10
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Aim
The 2019 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
P. Lasch, RKI Berlin, phone: +49 30 18754 2259, e-mail: laschp@rki.de
J. Schmitt, Synthon GmbH, e-mail: schmitt@synthon-analytics.de
The International Society for Clinical Spectroscopy (CLIRSPEC)

Contact Address
Peter Lasch, Robert Koch-Institute, ZBS 6
Seestraße 10, 13353 Berlin, Germany

phone.: +49-30-18754 2259
e-mail: laschp@rki.de

Sponsoring
Financial and technical support came from the Robert KochInstitute

Abstracts of the Lectures

Detection of viral and immune response markers using vibrational spectroscopy
Bayden Wood1, Supti1 Roy, David Perez-Guaita1, Scott Bowden 2
and Philip Heraud, 1
1

Centre for Biospectroscopy, School of Chemistry, Monash University, Victoria, 3800,
2
Victorian Infectious Disease Reference Laboratory, Melbourne, Victoria, Australia

Keywords: ATR-FTIR spectroscopy, virus, bacteria, IgG, inflammation markers, clinical
diagnostic
Attenuated Total Reflection Fourier Transform Infrared (ATR-FTIR) is vast becoming an
established tool for analyzing and identifying different blood chemistry parameters including
lipids, glucose, proteins, urea, etc. The technique has many advantages for point-of-care
diagnosis
including
portability, it is reagent-free
and requires little preprocessing of the sample.
We have been applying the
technology to develop pointof-care testing for diseases
including malaria, hepatitis
B, hepatitis C and sepsis.
Using
basic
blood
separation techniques and
multivariate data analysis
we have developed powerful
models
and
identified
specific disease markers. In
this presentation I will give
an overview of the important
Figure 1: Second derivative normalised spectra of A). HBV versus
considerations in developing negatives samples, B). HCV versus negative samples, C) IgG
an ATR-FTIR diagnostic
from serum and plasma including basic blood sample preparation, potential contaminants,
quality control, sample randomization and modelling considerations. We also show how
inflammation markers can confound diagnosis and dominate the spectral profile. Figure 1
shows ATR-FTIR spectra from dried deposits of serum from HBV (n=114), HCV (n=114) and
controls (n=114) along with a spectrum of IgG (Fig. 1C). Fig 1A shows the comparison
between HBV and control while Figure 1B shows spectra of HBC versus the controls. In both
cases a strong band is observed at 1638 cm-1, which is assigned to the β-pleated sheet protein
marker of IgG (Fig. 1C). Clearly the diagnosis could be confounded by the inflammation
markers. Closer inspection of the spectra and loadings plots reveal that the HBV infected
samples have a band at 1093 cm-1. We show that this band is characteristic of hepatitis B
surface antigen by recording AFM-IR spectra of the isolated protein, which reveals a strong
band 1096 cm-1 that correlates well with the 1093 cm-1 band observed in the regression vector
plot. We assign this band to C-C and C-O modes from polysaccharide N-glycan found in the
hepatitis surface antigen. In summary ATR-FTIR is a powerful tool to study blood composition
and identify disease markers but care must be taken to ensure that the modelling is not biased
by inflammation markers, which can confound diagnosis.

Raman spectroscopy and stable isotope labelling for monitoring host-pathogen
interaction in live cells
Ioan Notingher
School of Physics and Astronomy, University of Nottingham, Nottingham NG7 2RD, UK
Although Raman spectroscopy is usually a non-labeling technique, stable isotopes can be used
to tag specific molecules for detection by their Raman signals. [1] Labelling of the cells is
typically achieved by replacing a molecule in the sample’s cell growth medium. The new
isotope may be either lighter or heavier than the original, which affects the frequency of the
Raman bands, but any effect on the chemical or biological properties of the molecule will be
minimal (the added or removed neutrons are inert and much smaller than other labels, such as
fluorophores or nanoparticles). This makes the isotope labeling method particularly attractive
for monitoring, using Raman spectroscopy, the interaction between live cells, as the biological
processes involving molecular exchanges between cells can be directly monitored. In this
lecture I will present applications of Raman spectroscopy to host-pathogen interaction using
isotope labelling techniques. A range of Raman techniques will be presented, including
confocal Raman microscopy for monitoring the exchange of amino acids between human
cells and apicomplexan protozoan parasites (Toxoplasma gondii) [2], coherent anti-Stokes
Raman spectroscopy (CARS) investigating amino acids and lipids in Acanthamoeba
castellanii interacting with host human cells [3], an more recent results combining optical
tweezers and Raman spectroscopy for initiating and detection of early stage molecular
interactions. [4] The lecture will also discuss future trends and opportunities in microbiology
and molecular biology.
[1.] D. Shipp, F Sinjab, I. Notingher, Adv. Opt. Photonics 9, 315-428, (2017).
[2.] A. Naemat, H.M. Elsheikha, R.A. Boitor, I. Notingher, Sci. Rep. 6, 20811 (2016).
[3.] A. Naemat, F. Sinjab, A. McDonald, A. Downes, A. Elfick, H.M. Elsheikha, I. Notingher, J Raman
Spectrosc 49, 412–423 (2018).
[4.] F. Sinjab, H.M. Elsheikha, M. Dooley, I. Notingher, J. Biophotonics, under rerview (2019).

Overview of phenotypic antibiotic susceptibility testing methods of pathogenic
bacteria using photonic readout methods
Ute Neugebauer a,b,d, Astrid Tannert a,b, Johanna Kirchhoff a,b, Richard Grohs a,b,
Jörg Weber c, Jürgen Popp a,b,d
a

Center for Sepsis Control and Care, Jena University Hospital, Am Klinikum 1, D-07747
Jena, Germany
b
Leibniz Institute of Photonic Technology, Albert-Einstein-Straße 9, D-07745 Jena, Germany
c
Institute of Physical Chemistry and Abbe Center of Photonics, Friedrich Schiller University
Jena, Helmholtzweg 4, D-07743 Jena, Germany
d
Biophotonics Diagnostics GmbH, Am Wiesenbach 30, D-07751 Jena, Germany

The constant rise of antibiotic resistances in common pathogens requires new and fast
antibiotic susceptibility testing (AST) methods in order to select a tailored antibiotic therapy
to treat efficiently infections and especially severe complications like sepsis. Current methods
in routine diagnostics require multiple steps and devices to isolate and characterize the
pathogen: cultivation to enrich the pathogen, identification and usually phenotypic AST,
leading to results only after 24–72 h. In order to respond to the urgent need to obtain the result
faster, a large number of different assay systems are currently being tested for their
practicability to detect antibiotic resistance profiles in shorter times. The assays can be
divided into genotypic ones, which detect the presence of certain genes or gene products
associated with resistances, and phenotypic assays which determine the effect of antibiotics
on the pathogens. Here, we will summarize current developments in fast phenotypic tests that
use photonic approaches [1] and present results of own research based on Raman
spectroscopic AST [2,3].
Acknowledgement: Financial support by the BMBF via CSCC (FKZ 01EO1502) and via the
Forschungscampus InfectoGnostics (FKZ 13GW0096F), the DFG via the Core Facility JBIL
(FKZ: PO 633/29-1, BA 1601/10-1), as well as the European Union via EFRE (FKZ 2016
FGI 0010 and FKZ 2017 FGI 026) and the Leibniz Society via the Leibniz ScienceCampus
InfectoOptics (SAS-2015-HKI-LWC) is highly acknowledged.
References
[1]
[2]
[3]

A. Tannert, R. Grohs, J. Popp, U. Neugebauer. Applied Microbiology and Biotechnology 2019,
103(2):549-566.
J. Kirchhoff, U. Glaser, J. A. Bohnert, M. W. Pletz, J. Popp, U. Neugebauer. Analytical Chemistry
2018, 90 (3), 1811–1818.
U. Schröder, J. Kirchhoff, U. Hübner, G. Mayer, U. Glaser, T. Henkel, W. Pfister, W. Fritzsche, J.
Popp, U. Neugebauer. Journal of Biophotonics, 2017, 10(11):1547-1557

Characterization of Extracellular Vesicles Derived from Red Blood Cells
Using Raman Spectroscopy and Machine Learning
Richard A. Dluhy,1 Amareshwari Konutham1, Shaiju S Nazeer1,
Joo-Yeun Oh2, Amit Gaggar2, and Rakesh P. Patel2,
1

Department of Chemistry, University of Alabama at Birmingham, Birmingham, AL 35294
2
Department of Pathology and Center for Free Radical Biology, University of Alabama at
Birmingham, Birmingham, AL 35294

Degradative changes that occur during storage of red blood cells (RBCs) include hemolysis,
followed by formation of microvesicles and exosomes, collectively referred to as the “storage
lesion”. Hemolysis is a critical component of the storage lesion, but there are no direct
methods for determining the extent of in-bag hemolysis, or its degradation products. Our
laboratories have used Raman spectroscopy to assess hemolysis in RBCs. Raman spectra
indicated increased concentrations of oxyhemoglobin (oxyHb) and methemoglobin (metHb),
and decreased membrane fluidity with storage age. Changes in oxyHb and metHb were
associated with the intraerythrocytic and extracellular fractions, respectively. Hemolysis
increased in a storage age-dependent manner. Changes in Raman bands reflective of oxyHb,
metHb, and RBC membranes correlated with hemolysis; the most statistically significant
change was an increased intensity of metHb and decreased membrane fluidity.
We have recently studied extracellular vesicles (EVs) released from RBCs. EVs, both
microparticles (MPs) and exosomes (Exos), are produced by a variety of cell types in
response to diverse stimuli and are potential diagnostic indicators of disease. RBC’s release
MPs and Exos due to aging and disease conditions. We have used Raman and infrared (IR) to
differentiate MPs and Exos produced from RBCs. These are the first studies of EVs isolated
from RBCs. The EV’s produced from RBCs differ only slightly in size and protein
expression, and exhibit highly overlapped spectra. However, we have been able to identify
differences in oxyHb and metHb profiles in MPs and Exos from their Raman spectra.
Multivariate statistical methods, including partial least square discriminative analysis (PLSDA), random forest (RF) and support vector machines (SVM), have been used to characterize
and classify MP and Exo spectra with 100% accuracy. These methods also provide a means
for variable selection to identify the spectral markers most responsible for the differentiation
of MP and Exo spectra. Vibrational imaging using Raman and IR identified the differential
effects of MPs and Exos on pulmonary epithelial cells. These studies identify Raman and IR
microscopy as a valuable noninvasive diagnostic modality for the study EV’s in relation to
overall age-induced hemolysis and toxicity in RBCs.

Raman microspectroscopy to enable automated live sorting of isotopically
labelled microbial cells for genomics and ecology
Kang Soo Lee1, Michael Wagner2,3 and Roman Stocker1
1

Institute for Environmental Engineering, Department of Civil,
Environmental and Geomatic Engineering, ETH Zurich, Switzerland
2
University of Vienna, Centre for Microbiology and Environmental Systems Science,
Department of Microbiology and Ecosystem Science, Althanstrasse 14, 1090 Vienna, Austria
3
Center for Microbial Communities, Department of Chemistry and Bioscience,
Aalborg University, 9220 Aalborg, Denmark
Raman microspectroscopy offers unprecedented precision in identifying microbial cells on the
basis of their biochemical and thus functional profile, opening a wealth of opportunities as an
enabling technology in microbial ecology and genetics. As one example, single cell genomics
is transforming research in microbiology, but has not realized its full potential because we
lack a general method to select individual microbes that play specific catabolic roles within
their complex microbial community. I will present research to couple Raman measurements
with optical tweezers and microfluidics, to provide an automated platform for highthroughput Raman-activated sorting of microbial cells based on their metabolic activity. [1]
Cells are incubated in D2O-containing ‘minimal’ medium (i.e., lacking nutrients) that is
supplemented by the specific compound of interest, to stimulate taxa able to metabolise that
compound and label them with deuterium. The deuterium labelling status of cells can then be
detected in their Raman spectra (‘carbon–deuterium’ peak; 2,040–2,300 cm-1) and used as a
sorting criterion. To automate the platform, we employ two indices: a ‘cell index’ to detect the
capture of a cell by the optical tweezers, and a ‘labelling index’ to determine the deuteriumlabelling status of captured cells and trigger cell collection. I will describe applications in
sorting, genomics and cultivation, using examples from pure cultures and complex natural
microbial communities – mouse colon and marine samples that contain mucus degraders and
nitrite-oxidizing bacteria, respectively. The platform achieves high throughput (>500 cells per
hour; two orders of magnitude greater than manual sorting), high accuracy (>98%), and is
versatile – it can be tuned to sort in terms of any biochemical characteristic that is detectable
from its Raman signature.
Our platform opens the door to high-throughput analysis of microbial diversity at the singlecell level, illustrating the value of Raman spectroscopy in microbial ecology.
[1.] K. S. Lee, M. Palatinszky, F. C. Pereira, J. Nguyen, V. I. Fernandez, A. J. Mueller, F. Menolascina, H.
Daims, D. Berry, M. Wagner, R. Stocker, Nat Microbiol. 4, 1035-1048 (2019).

SERS Analysis of Microorganisms:
Limitations and Applicability on the Single-Cell Level
Natalia P. Ivleva,1 Ruben Weiss,1 Márton Palatinszky,2 Oleksii Morgaienko,1
Michael Wagner,2 Reinhard Niessner,1 Martin Elsner1
1

Technical University of Munich, Institute of Hydrochemistry, Chair of Analytical
Chemistry and Water Chemistry, Marchioninistrasse 17, D-81377 Munich, Germany
2
University of Vienna, Department of Microbiology and Ecosystem Science,
Division of Microbial Ecology, Althanstrasse 14, A-1090 Vienna, Austria
Microorganisms are ubiquitous on Earth. Therefore, reliable and sensitive methods for their
detection, discrimination and characterization are essential for both clinical diagnostics and
environmental studies. Raman microspectroscopy (RM) is a non-destructive technique which
has a spatial resolution down to 1 µm (and even below) and provides whole-organism
fingerprints of microbial cells without the interference of water [1]. However, due to the low
quantum efficiency of the Raman effect (10-6 – 10-8), RM has a limited sensitivity which
restricts the applicability of this technique. Fortunately, Raman signals can be significantly
enhanced by surface-enhanced Raman scattering (SERS) if a molecule is attached (or in an
immediate proximity, up to  10 nm) to nanometer-roughened metal (Ag or Au) surfaces. This
effect leads to Raman signal enhancement of 103 – 106 (up to  1012 for large Ag colloidal
clusters) [2]. In contrast to RM, SERS is more selective and provides information on substances
localized on the cell surface. Optimized SERS procedures can enable fast analytical read-outs
with specific molecular information, providing insights into the chemical composition of
microbiological samples. Therefore, knowledge about the origin of microbial SERS signals and
parameter(s) affecting their occurrence, intensity and reproducibility is crucial for reliable
SERS-based analyses.
We explored the feasibility and limitations of the SERS approach for characterizing microbial
cells and investigated the applicability of SERS for single-cell sorting as well as for threedimensional visualization of microbial communities [3] using in situ synthesized Ag
nanoparticles. Furthermore, we systematically studied physiological conditions of the cells
(influenced by, e.g., storage conditions or deuterium-labelling) which have impact on the
intensity of SERS signals. Our findings allowed us to conclude that SERS signals at the singlecell level are strongly influenced by the metabolic activity of analyzed cells. Thus, SERS has a
potential for detection, sorting, and characterization of metabolically active microorganisms at
the single-cell level. In order to validate the applicability of SERS for the analysis of metabolic
activity of cells, complementary studies with well-established techniques for tracking microbial
activity – heavy water incorporation [4] as well as bioorthogonal non-canonical amino acid
tagging (BONCAT) are planned. BONCAT is based on incorporation of amino acid analogues
(L-azidohomoalanine, AHA) into cell biomass that is realized by active cells only [5]. It allows
for fluorescent labeling of AHA-containing microbial proteins by azide-alkyne click chemistry
and also for direct analysis of the proteome at the translational level.
[1.]
[2.]
[3.]
[4.]

N. P. Ivleva, P. Kubryk, R. Niessner, Anal. Bioanal. Chem. 409, 4253-4375 (2017).
E. C. Le Ru, E. Blackie, M. Meyer, P. G. Etchegoin, J. Phys. Chem. C 111, 13794-13803 (2007).
R. Weiss, M. Palantinszky, M. Wagner, R. Niessner, M. Elsner, M. Seidel, N. P. Ivleva, Analyst 144, 943-953 (2019).
D. Berry, E. Mader, T. K. Lee, D. Woebken, Y. Wang, D. Zhu, M. Palatinszky, A. Schintlmeister, M. C. Schmid, B.
T. Hanson, N. Shterzer, I. Mizrahi, I. Rauch, T. Decker, T. Bocklitz, J. Popp, C. M. Gibson, P. W. Fowler, W. E. Huang,
M. Wagner, Proc. Natl. Acad. Sci. U.S.A. 112, E194-E203 (2015).
[5.] R. Hatzenpichler, S. Scheller, P. L. Tavormina, B. Babin, D. Tirrell, V. J. Orphan, Environ. Microbiol. 16, 2568-2590
(2014).

Identification of industrially relevant bacteria in mixed microbial communities
using Raman and SERS combined with stable isotopic labeling
Malama Chisangaa and Roy Goodacreb
a

School of Chemistry, Manchester Institute of Biotechnology, University of Manchester,
Manchester, UK
b
Institute of Integrative Biology, Department of Biochemistry, University of Liverpool,
Liverpool, UK

Since the start of the industrial revolution in the mid-eighteenth century, industrialization has
continued to grow rapidly and at a global scale. Whilst the contributions towards products and
economic development cannot be overstated, industrialization has brought various
environmental challenges. Toxic organic chemicals such as cyanides, sulfides, thiocyanates
and phenolic compounds (phenolics), and heavy metals released into the environment due to
industrial activities pose a serious threat to aquatic life, fertility of soil, quality of water and
perturb various ecosystems on which human beings rely [1]. Phenolics are ubiquitous in the
environment due to their production from both natural and anthropogenic activities. Industrial
coking process, in particular, releases huge volumes of wastewater containing high amounts
of phenolics, whose prolonged exposure pose serious health hazards to both plants and human
beings. In wastewater management pipeline, phenolics are removed by mechanical
engineering and bioremediation processes. Whilst process engineering design measures are
well understood and established, bioremediation is limited by the lack of knowledge about
identity and functional roles of microbes associated with biodegradation of phenolics [2].
Thus, there is a need to link microbial identity to function accurately to improve the efficiency
and effectiveness of bioreactors and to protect public health.
Stable isotope probing (SIP) coupled with vibrational spectroscopy (Raman and surfaceenhanced Raman scattering (SERS)) has been shown to be invaluable, rapid and novel
approach to assess functional and symbiotic properties of microbes in situ [3]. Fundamentally,
SIP involves the “guilt by association” principle, where a population of microbes is fed with
labeled substrate(s) and heavy atom(s) are tracked in biomolecules to detect victim microbes.
The Raman and SERS bands shift to lower wavenumbers (red-shift) for microbes assimilating
labeled substrate(s) [4].
Here, we illustrated the applicability of Raman and SERS fingerprints combined with reverse
isotopic labeling and culture head-space volatile organic compounds (VOCs) profiling, to
identify bacteria responsible for phenol biodegradation, and to assess microbial interactions.
The redshifted Raman bands for cells initially grown on 13C-glucose, moved back to higher
(blue-shift) frequencies upon consumption of 12C-phenol. For the first time, we have shown
that Raman, SERS, VOCs profiling and SIP provide novel cell sorting criteria for industrially
vital organisms. This knowledge may facilitate the design of effective augmentation strategies
for effective detoxification of xenobiotic pollutants in wastewater and the environment.
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Skeletal human remains are often found in both archaeological and forensic contexts, and
their importance for the study of past populations or for crime scene investigations is
unquestionable. However, positive identification of the deceased by examination of their bones
cannot be carried out when these have been subject to high temperatures (e.g. cremation, aircraft
accidents or explosions), since heat induces significant changes in the skeleton leading to
considerable variations in the size of bones [1,2]. This severely interferes with the reliability of
the available forensic methods, that are conceived for unmodified dimensions, and has major
implications – from the inability to achieve unequivocal victim identification to the failure to
accurately characterise our ancestors in archaeological settings. Although previous studies have
attempted to tackle this problem [3], this is the first experimental approach based on the intrinsic
properties of bone (microcrystallinity) and, to the best of the authors´ knowledge, the first
inelastic neutron scattering (INS) study on human burned skeletal remains [4-9].
Bone is a biphasic material comprising a protein component (mostly collagen) woven into
an inorganic matrix of hydroxyapatite (Ca5(PO4)3OH, the hydroxyls being partly substituted by
carbonate). Upon diagenesis (post-mortem processes leading to physical and chemical
alterations), bone undergoes changes in molecular structure that can be accurately detected by
vibrational spectroscopy – FTIR, Raman and inelastic neutron scattering (INS). These
techniques are currently applied to the study of burned human skeletal remains: (i) in a forensic
context – human modern bones (from a skeleton collection hosted at the Lab Forensic
Anthropology, Univ Coimbra, Portugal), unburned and burned under controlled conditions
(400-1000 ºC); (ii) in an archaeological setting – pre-historic and medieval human skeletal
remains (Italy). This is an innovative way of tackling heat-induced changes in human bone
tissue, aimed at relating burned to pre-burned parameters, which will have a significant impact
in forensic and archaeological sciences.
For the burned modern bones, increasing temperatures (from 400 to 1000 °C) lead to a
progressive loss of the organic constituents and to an increase in crystallinity (Fig. 1) [4,7]. At
the highest temperature crystallinity appears to be maximal and the measured spectral profile
is remarkably similar to that of the crystalline hydroxyapatite reference (HAp), the organic
components of bone having been completely destroyed (Fig. 1(B)). The samples subject to
burning at 500, 600 and 700 ºC, in turn, retain part of the protein and lipid constituents. For the
archaeological human skeletal remains, a remarkable similarity with the data obtained for the
samples burned at controlled conditions (taken as references) was observed, allowing a reliable
estimate of the temperature to which these bones were subject to prior to their discovery.
[1] A.R. Vassalo et al. J.Legal Med. 130 (2016) 1647. [2] A.P. Mamede et al. Appl.Spec.Rev. 53 (2018) 603.
[3] T.J.U. Thompson et al. J.Archaeol.Sci. 40 (2013) 416. [4] M.P.M. Marques et al. RSC Adv. 6 (2016) 68638.
[5] M.P.M. Marques et al. RSC Adv. 8 (2018) 27260. [6] D. Gonçalves et al. Am.J.Phys.Anthropol. 166 (2018) 296.
[7] M.P.M. Marques et al. Sci.Rep. 8 (2018) 15935. [8] A.P. Mamede et al. Anal.Chem. 90 (2018) 11556.
[9] G. Festa et al. Sci.Adv. accepted.
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Marine phytoplankton contribute almost half of all global primary productivity, drawing
down ~ 50 Tg of carbon from the atmosphere, supporting marine food webs via oxygenic
photosynthesis. Diatoms contribute around 40% of this primary productivity and also supply
around 20% of global oxygen. They are intrinsic to both carbon and silica cycles, particularly
in the Southern Ocean (SO) where diatom abundance is high [1].
Average temperatures in regions of the SO have risen in recent decades, almost twice as fast
as global ocean temperatures over the last 50 years under the influence of global climate
change caused by rising CO2 levels due to anthropogenic pollution of the atmosphere. This
could have profound effects on SO ecosystems. Temperature can modify community
composition and function, as selection favours ‘fit’ and adaptable phenotypes. Variations in
temperature can also alter the physiology and macromolecular composition of phytoplankton
[2].
Here, the effect of temperature on macromolecular composition of SO diatoms using infrared
spectroscopy are presented. It is demonstrated using diatoms species derived from the SO that
growth temperature of laboratory cultures can be predicted accurately using infrared spectral
data, based largely on changes in lipid composition. The research aims to extend this
knowledge of temperature effects on extant diatoms to infrared spectroscopic analysis of
diatom cells preserved in frozen sediment cores obtained from the east Antarctica, spanning
approximately the last one million years of geological time. Gas chromatography mass
spectrometry (GCMS) analysis of the sediment cores have identified changes in the types of
highly branched isoprenoid (HBI) lipids from fossilised diatoms that may serve as a proxy for
paleo sea ice extent in the Southern Ocean [3]. It is envisaged that infrared spectroscopy may
provide the same utility, serving as a much less expensive and more rapid method compared
to GCMS.
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Mars and the Jovian and Saturnian moons (Europa and Enceladus) are the next targets to
search for life in our Solar System. New life detection instruments are indeed ready to be sent
to Mars in 2020 (onboard ESA/Roscomos’s ExoMars2020 and NASA’s Mars2020 rovers)
and possibly further. Among them, spectroscopy methods such as Raman or infrared are
promising techniques that can give insights on both the mineralogical context and the
identification of biosignatures.
However, to support and interpret spectroscopic data correctly, as well as to guide future life
detection missions, a better understanding of possibly habitable environments and potentially
detectable biosignatures is of paramount importance. During the last years extensive field and
laboratory investigations focused on demonstrating the capabilities of such technologies to
characterize both mineral and biological samples of relevance to Mars but very few assessed
potential biosignatures degradation under Mars-like or space-like conditions. To this end we
are using samples from ground-based and space exposure experiments, the STARLIFE [1]
and the BIOMEX [2] projects, to characterize their Raman and IR signatures after space and
Mars relevant stresses. BIOMEX was part of the EXPOSE-R2 mission of the European Space
Agency, which allowed a 15-month exposure on the outer side of the International Space
Station and STARLIFE is an international campaign to study the role of galactic cosmic
radiation in astrobiological systems. A wide range of extremophilic organisms such as
cyanobacteria, permafrost green-algae, iron bacteria or methanogens and selected
biomolecules exposed under these conditions will help us to define targets for future missions
to Mars (and other bodies) carrying Raman, IR or LIBS spectrometers and give further clues
about the potential habitability of Mars.
We report, as an example, on the preservation potential of cyanobacterial photoprotective
pigments (carotenoids) in the Antarctic cyanobacterium Nostoc cf. punctiforme strain CCCryo
231-06 after high doses of gamma irradiation and after space exposure [3].
[1] R. Moeller, M. Raguse, S. Leuko, T. Berger, C.E. Hellweg, A. Fujimori, R. Okayasu, and G. Horneck,
Astrobiology, 17, 101–109 (2017).
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R. Demets, R. de la Torre Noetzel, H. Edwards, A. Elsaesser, C. Fagliarone, A. Fiedler, B. Foing, F.
Foucher, J. Fritz, F. Hanke, et al., Astrobiology, 19, 145–157 (2019).
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Edible birds’ nest (EBN) is a traditional Chinese cuisine and medicine made by cavedwelling birds called swiftlets; Aerodramus, Hydrochous, Schoutedenapus and Collocalia. It
is a culinary delicacy, which can retail at over 4000 USD per kilogram. EBN has been
scientifically proven to have nutritional properties; improvement in bone strength cell
division, anti-aging and antiviral, to name a few [1,2]. While EBN has been demonstrated to
have many health benefits, recent studies have highlighted its health risks. High nitrite
content was found in EBN collected inside caves. This increases the risk of cancer due to the
increased production of carcinogenic nitrosamines [3].
In 2013, to combat this, China imposed a trade ban on EBN with some South East Asian
countries like Malaysia until healthier harvesting practices were adopted. Only a few
Malaysian producers were able to meet requirement. The low supply drove up the prices of
EBN. Some producers, in order to meet demand, allegedly used adulteration techniques to
add impurities to increase the weight. Adulterated or fake EBN may be hazardous to the
consumers.
A total of 8 samples pieces of original EBN sourced from 5 different provinces in Vietnam,
together with various materials such as tremella fungus, pork skin, karaya gum, ﬁsh
swimming bladder, jelly, agar, monosodium glutamate and egg white used to adulterate EBN
have been analyzed.
The main goal of our work was to establish a reliable and robust model for fast identification
and detection of counterfeited EBN products by using FTIR microspectroscopy in
conjunction with R Platform for statistical computing. This model can be distributed later
among Health Regulatory Authorities (HSA) and food industry laboratories.
[1] Matsukawa, N., Matsumoto, M., Bukawa, W., Chiji, H., Nakayama, K., Hara, H., et al. (2011). Bioscience,
Biotechnology, and Biochemistry, 75(3), 590–592.
[2] Kim KC, Kang KA, Lim CM, Park JH, Jung KS and Hyun JW, J Korean Soc Appl Biol Chem 55:347–354
(2012).
[3] Katan, M. B. (2009). American Journal of Clinical Nutrition, 90, 11–12.
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Spectral quality test (QT) is an important step in the analysis of infrared (IR) spectral data.
The quality of spectra may strongly affect subsequent data analysis and impair its results. No
standard QT exists for IR data except the QT provided by OPUS software from Bruker Optik
GmbH [1]. The OPUS QT, developed originally for analyzing IR spectra of bacteria, is not
optimal however for the spectra of other microorganisms. Thus, the quality analysis of the IR
spectra of yeasts and filamentous fungi or infrared imaging data is not standardized.
In this study, we investigate quality characteristics of IR spectra of a broad range of
microorganisms – bacteria, yeasts [2] and filamentous fungi [3]. We demonstrate that
threshold values of OPUS QT parameters are not applicable for such microorganisms as
yeasts and filamentous fungi. Moreover, we show that a strict definition of threshold values
may lead to discarding spectra that may be important for data analysis, particularly for
discrimination analysis. We develop a general strategy for optimizing quality parameters of
the OPUS QT and suggest alternative optimal thresholds for OPUS QT for bacteria, yeasts
and filamentous fungi.
Further, we suggest a new method for spectral QT based on Extended Multiplicative Signal
Correction (EMSC) [4]. EMSC model parameters provide information on thickness and
morphology of samples, which directly influence spectral quality [5]. We show that the
EMSC parameter b relating to the effective optical path length is especially useful for quality
testing. Different thresholds are obtained for b depending on a type of microbial data. Since
EMSC quality parameters are calculated during the spectral pre-processing of IR spectra, no
additional computations are needed, when they are used for QT. For all the data sets
considered in the study, the EMSC QT has shown to be the best among different suggested
optimal alternatives of OPUS QT. We further extend applications of EMSC modelling to IR
images. We show that the b parameter of an EMSC model can be used to segment informative
image regions from void background area thus establishing binary segmentation or masks of
the IR images.
[1.] BRUKER OPTIK GmbH, OPUS Spectroscopic Software: reference manual. 2004: Ettlingen, retrieved
from: http://shaker.umh.es/investigacion/OPUS_script/OPUS_5_BasePackage.pdf.
[2.] Shapaval, V., et al., FTIR spectroscopic characterization of differently cultivated food related yeasts.
Analyst, 2013. 138(14): p. 4129-4138.
[3.] Shapaval, V., et al., Characterization of food spoilage fungi by FTIR spectroscopy. Journal of Applied
Microbiology, 2013. 114(3): p. 788-796.
[4.] Martens, H. and E. Stark, Extended multiplicative signal correction and spectral interference subtraction:
new preprocessing methods for near infrared spectroscopy. J Pharm Biomed Anal, 1991. 9(8): p. 625-35.
[5.] Afseth, N.K. and A. Kohler, Extended multiplicative signal correction in vibrational spectroscopy, a
tutorial. Chemometrics and Intelligent Laboratory Systems, 2012. 117: p. 92-99.

Changing the Face of Clinical Diagnostics Using Fourier Transform Infrared
(FTIR) Spectroscopy
I. Idini, C. Langford, L. Farr, K. Willetts, C. Ball, L. Foreman
BeamLine Diagnostics Ltd. trading as DynamX Medical.
Atlas Building R27, Office F28, Rutherford Appleton Laboratories, Harwell Campus, Didcot,
OX11 0QX
For the past 200 years histopathology has been the
gold standard for the diagnosis of many diseases,
including cancer. However, histological diagnosis is
typically expensive and time consuming. Moreover,
a large proportion of samples analysed by
histopathology are found to be healthy. At DynamX
Medical we are developing a triaging method that
will allow the identification of healthy samples
within 15 seconds, removing unnecessary
histopathological analysis and creating a faster route
to treatment. We combine infrared spectroscopy, Figure 1. Schematic representation of DynamX
biological information, machine learning and workflow and integration in a clinical setting.
artificial intelligence to extract information from a
tissue sample. A schematic representation of the process is given in Figure 1. Our algorithm has
the potential to be coupled with any commercially available hardware. This technology proved
to be extremely successful during our recently concluded 400 patient multicentre phase III IVD
clinical trial (ISRCTN 33779, IRAS196045), which focused on oesophageal and colon cancer.
The algorithm achieved 96% sample sensitivity and 56% sample specificity. In addition to
biopsy triaging, we are also investigating the use of infrared spectroscopy and single cell
analysis. We recently started a single site clinical trial (IRAS257831) directed at diagnosing
non-small cell lung cancer (NSCLC), a malignancy associated with a high mortality rate
representing a major therapeutic challenge. Early diagnosis of NSCLC is crucial to improve
survival rates, with interventions during stages I-III associated with the most positive response
to treatments. Having a screening program in place for those with a high risk of developing the
disease would contribute to improvements in earlier diagnosis, but it is currently very difficult
to establish as the presently used diagnostic methods are either too expensive or highly invasive.
DynamX is developing a new and unique non-invasive screening test to detect NSCLC from a
simple cheek swab with potentially high accuracy. Indeed, studies showed that the buccal
(cheek) mucosa, which is exposed to many of the same carcinogens as the lung, can be
described as a ‘molecular mirror’ for the bronchial epithelium, due to the field of injury and/or
field cancerisation effects [1]. These cells may represent a route for non-invasively and
inexpensively screening patients at high-risk of lung cancer [2]. Cells collected from the cheek
swab are processed and analysed using infrared micro-spectroscopy technology. Alternatively,
the buccal cells can be measured using ATR-FTIR spectroscopy. Whilst the latter method is
expected to be less sensitive than the individual cell analysis, the processing is simpler and
would result in the faster turnaround of results. If proven to be successful, this technique has
the potential to be installed in a GP surgery or even a pharmacy allowing direct access to the
general population.
[1] D. Sidransky, (2008) 12–14.
[2] P.D. Lewis, K.E. Lewis, (2010) 640.
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Both Infrared (IR) and Raman Spectroscopies are well established, relatively mature
technologies and are typically present as separate stand-alone instruments in most
laboratories, since each technique offers unique analytical capabilities with complimentary
sample spectroscopic information.
The recent advent of Optical Photothermal IR (O-PTIR), which has enabled for the first time,
truly submicron infrared microscopy in reflection mode (non-contact, non ATR) providing
“FTIR transmission-like” spectral quality, without the typical reflection associated spectral
artefacts and distortions associated with traditional FTIR or other emerging QCL based IR
microscopy systems.
The fundamental basis for the technique, the “IR Photothermal Effect” is not new and has
been exploited for decades with techniques such as PhotoAcoustic Spectroscopy (PAS) and
more recently with AFM-IR (nano-IR). Where O-PTIR differs to these other Photothermal
techniques is that it uses an optical (green laser) probe for detection, being analogous to the
microphone in PAS and the AFM tip in AFM-IR. The use of this optical probe is the key
enabling breakthrough in O-PTIR allowing for non-contact, far-field measurements, which
provides for numerous benefits in instrument capabilities relative to traditional FTIR/QCL
microscopy but also in instrument architecture, thus allowing, in a world first, a combined IR
and Raman (IR+Raman) platform that provides for simultaneous IR and Raman spectral
information at the same time, from the same spot with the same spatial resolution. These
unique and exciting capabilities are now spawning interest in life science application [1]
In this presentation, examples of life science applications, ranging from live cell imaging of
epithelial cheek cells in water, with submicron resolution of organelles, to ultra-high
resolution images of breast tissue calcifications showing as yet unknown levels of
heterogeneity of the calcifications (with submicron resolution) that with traditional
FTIR/QCL microscopes are not possible, will be shown.

Figure 1. A) Live cell imaging in H2O B) Breast tissue calcifications, some regions show submicron features
[1.] X Li, D Zhang, Y Bai, W Wang, J Liang and JX Cheng Anal. Chem.2019911610750-10756
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Quantum Cascade Lasers (QCLs) are getting rapidly more popular in MIDIR imaging and
microscopy applications. Their spectral brightness and broad tunability enables diffractionlimited imaging performance [1], high-speed data collection[2][3][4], and discrete frequency
imaging modalities[5][6].
New fields of applications have been developed covering automated digital histopathology[7],
nanoantennae[8], and microplastics in biological and environmental applications.
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The Bacillus cereus group, which is also designated as B. cereus sensu latu, comprises
genetical closely related species with variable toxigenic characteristics, including prebiotics,
biopesticides, food spoilage and pathogenic organisms [1]. Since current species designation
is linked to specific phenotypic characteristic or the presence of species-specific genes,
differentiation of the B. cereus group species in routine diagnostics can be difficult, expensive
as well as laborious. As Fourier transform infrared spectroscopy has been previously shown to
represent a suitable tool for typing of B. cereus s.l on a subspecies level [2,3], we investigated
the use of a machine learning approach, based on artificial neural network (ANN) assisted
FTIR spectroscopy, for discrimination of B. cereus group members. The deep learning tool
box of Matlab was employed to construct a one-level ANN, allowing the discrimination of the
B. cereus group members, such as Bacillus cereus and Bacillus thuringiensis, the
identification of psychrotolerant Bacillus mycoides and Bacillus weihenstephanensis, as well
as the identification of emetic B. cereus and Bacillus cytotoxicus. This model resulted in 100
% correct identification for the training set and 98% correct identification for the test set [4].
In addition, we tested the suitability of a convolutional neural network (CNN) for the
discrimination of B. cereus s.l.. The CNN revaled a similar power for the discrimination of B.
cereus s.l. as the ANN mentioned above.
The established ANN was used to gain insights into the population stucture of B. cereus in
distinct ecological habitats, such as soil, food production environments and foods. Overall our
work shows that machine learning assisted FTIR spectroscopy is suitable for identification of
B. cereus group members in routine diagnostics and outbreak investigations as well as a
promising tool to explore the natural habitats of B. cereus group, such as soil. Furthermore, it
could help not only to elucidate the so far largely unknown role of B. thuringiensis in
foodborne outbreaks but also to decipher the rather unexplored natural habitats of the highly
potent toxin producers, B. cytotoxicus and emetic B. cereus.
References:
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Corynebacterium (C.) ulcerans has recently been identified as the most common cause of
diphtheria in humans in industrialized countries replacing its closest relative, the classical
pathogen C. diphtheriae. In contrast to C. diphtheriae, C. ulcerans is considered a zoonotic
pathogen, and various clonal relationships have been detected between human infections and
isolates from domestic, zoo and wild animals. Routine diagnostics is complicated by another
representative of the so called C. diphtheriae-group, C. pseudotuberculosis, the common
agent of caseous lymphadenitis of sheep and goats.
In our laboratories, we use a compact and rapid workflow for MALDI-TOF mass
spectrometry (MS) for genus and species identifications, and Fourier-transform-infrared
spectroscopy (FT-IR) for further differentiation. The experience of intensive cooperation for
more than 10 years has resulted in an improved database for MALDI-TOF MS [1] and in the
consistent use of FT-IR for variant differentiation of C. ulcerans. Several case reports and
comparative analyses of isolates of the C. diphtheriae group highlight the benefit of this
spectroscopy-based approach:
- Isolation of corynebacteria from the C. diphtheriae group in free roaming wildlife [2],
- a widespread disease pattern of wild boars, caused by a clearly defined variant of C.
ulcerans [3],
- Isolation of C. ulcerans from wounds of a group of water rats in a German zoo [4],
- a proposed workflow for MALDI-TOF MS validation for dedicated species parameters
within this group,
- a spectroscopic delineation of cluster-characteristic traits among others to be described as a
novel species.
These examples prove that the combination of MALDI-TOF MS and FT-IR significantly
contributes to accurate diagnostics of the C. diphtheriae group bacteria.
References
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in a group of water rats. BMC Microbiol. 15, 42, 1-10 (2015).

At the front line of Klebsiella pneumoniae capsular polysaccharides
knowledge: FT-IR spectroscopy as a cost-effective strain typing tool
Ângela Novais
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Porto, Portugal
Klebsiella pneumoniae (Kp) is nowadays recognized as one of the most defiant human
pathogens, whose infections are increasingly more challenging to treat and control,
particularly in the hospital setting. To distinguish and identify particular bacterial strain types
is fundamental to support surveillance and control of infections but available methods are
complex and have inadequate time-to-response.
In the last decade, whole genome sequencing has been key to clarify population structure
of Kp and it is still instrumental to provide insights into potential pathogenicity and
evolutionary markers, such as the capsular locus. Indeed, several DNA-based approaches
have been proposed for capsular (K) typing, considering its very important role as a virulence
and evolutionary marker of Kp. However, genotypic-phenotypic capsular (K)-type
correlations are lacking, hindering the establishment of a reliable framework for K-type
characterization and typing.
To fill this gap, we combined molecular, comparative genomics and multivariate data analysis
tools with biochemical data on the capsular locus to support the usefulness of FourierTransform Infrared (FT-IR) spectroscopy as a phenotypic K-typing tool. Because of its high
resolution, speed and low-cost, this tool can be an asset to provide enough information to
support real-time epidemiology and infection control decisions, and hence improve healthcare
indicators and reduce associated costs. Furthermore, it provides a simple framework for
phenotypic validation of newly defined Kp capsular locus and predict their capsular
polysaccharides structure/composition. The same workflow can be applied to other bacterial
species, as long as a comprehensive and reliable correspondence between sugar-based coating
structures and strain variation is established (1).
[1.] Â Novais, A.R. Freitas, C. Rodrigues, L. Peixe. Fourier transform infrared spectroscopy: unlocking
fundamentals and prospects for bacterial strain typing. Eur J Clin Microbiol Infect Dis. 2019
Mar;38(3):427-448. doi:10.1007/s10096-018-3431-3.

The application of different Raman spectroscopic techniques on bacterial
samples
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Raman spectroscopy is a phenotypic method that monitors the complete cell chemistry of
microorganisms. Different Raman excitation wavelengths lead to varying information in the
Raman spectra. Excitation in the NIR range allows measurements of bulk samples with
particularly low fluorescence content. If excitation wavelengths in the visible spectral range
are selected, the fluorescence content is increased, but at the same time individual cells can be
analyzed. Nevertheless, both methods monitor the biochemistry as proteins, DNA, lipids and
carbohydrates in the measured probing volume. When UV excitation is applied, the resonance
Raman spectra exclusively reveal information from DNA bases and aromatic amino acids.
The different information content of the Raman spectra can therefore be used to query
complimentary information of a bacterial sample. In this contribution we demonstrate the
application of different Raman techniques on bacterial samples as well as the advantages and
disadvantages of these methods.
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The Bruker IR Biotyper™
Development from Concept to Solution

Norman Mauder
Bruker Daltonik GmbH, Bremen, Germany
The Infrared Biotyper (IR Biotyper™, or IRBT) is an application solution based on
transmittance Fourier-transform infrared spectroscopy, using well-proven instruments [1]. It
was released 2017. For a dedicated instrument, development of the IRBT mainly focused on
standardization of the application and ease of use in routine microbiology laboratories, both
regarding workflow and the software dedicated to spectra acquisition, strain typing and
exploratory data analysis. We will describe the most important features of the IRBT, and the
considerations that led to the design decisions. Published and current application examples
will be presented.
The IRBT was successfully applied for epidemiological studies, i.e. the strain typing of Gramnegative and Gram-positive bacteria species like E. aerogenes, K. pneumoniae [2,3], P.
aeruginosa [3], E. cloacae [3], and E. faecium [4]. Taxonomical resolution of the system in
combination with short time-too-result and affordable costs have led to the proposal for its
usage in “real-time-hygiene control”, i.e. the regular screening to observe bacterial
transmissions in hospitals as early as possible. Thereby, a rapid detection of potential outbreak
situations and respective counter-measures shall be enabled, and the expensive and timeconsuming analyses through DNA-based methods, e.g. whole genome sequencing, can be
significantly reduced. Furthermore, it is being established for classification tasks, e.g. the “IRserotyping” of S. pneumoniae [5], showing the potential for substituting classical serological
methods. The latter shows great promise to be applicable to other species, too, because IR
repeatedly proved to be especially effective for the differentiation of sugar-related features
like capsular types and O-serogroups, due to the high variability in the carbohydrates
vibration region at 1200–900 /cm [6].
In the future, we intend to further widen the software for applications beyond strain typing,
and classification modules for special tasks like “IR-serotyping” will be developed. Also, a
closer connection to the MALDI Biotyper™, e.g. via laboratory information management
systems (LIMS) is planned.
[1.] https://www.bruker.com/applications/microbiology/strain-typing-with-ir-biotyper/overview.html
[2.] Dinkelacker AG et al. “Typing and Species Identification of Clinical Klebsiella Isolates by Fourier
Transform Infrared Spectroscopy and Matrix-Assisted Laser Desorption Ionization-Time of Flight Mass
Spectrometry”. J Clin Microbiol. 2018 Oct 25;56(11):e00843-18. doi: 10.1128/JCM.00843-18. PMID:
30135233; PMCID: PMC6204683.
[3.] Martak D et al., “Fourier-Transform InfraRed Spectroscopy Can Quickly Type Gram-Negative Bacilli
Responsible for Hospital Outbreaks”. Front Microbiol. 2019 Jun 26;10:1440. doi:
10.3389/fmicb.2019.01440. PMID: 31293559; PMCID: PMC6606786.
[4.] Epidemiologisches Bulletin, Nr. 27, p. 242, Robert-Koch-Institute (July 4th, 2019).
[5.] Burckhardt I et al.” Analysis of Streptococcus pneumoniae using Fourier-transformed infrared
spectroscopy allows prediction of capsular serotype”. Eur J Clin Microbiol Infect Dis. 2019 Jul 9; doi:
10.1007/s10096-019-03622-y. [Epub ahead of print].
[6.] Novais Â et al. “Fourier transform infrared spectroscopy: unlocking fundamentals and prospects for
bacterial strain typing”. Eur J Clin Microbiol Infect Dis. 2018 Nov 27 Published online 2018 Nov 27. doi:
10.1007/s10096-018-3431-3.

Implementation of the New Generation of Compact ATR-FTIR Spectrometers
for Microbial Identification and Typing in Clinical Settings
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McGill IR Group, McGill University, 21,111 Lakeshore, Montreal, QC, Canada H9X 3V9
Availability within the past decade of compact, easy-to-use, and relatively inexpensive FTIR
spectrometers facilitates integration of FTIR spectroscopy in the routine workflow of clinical
microbiology labs as well as in point-of-care microbiological testing. In addition, it may be
envisaged that implementation of this simple and reagent-free technology for microbial
identification, in conjunction with cloud-based spectral databases, could have a substantial
public health impact in highly resource-limited settings. Within these contexts, the capability
to analyze microbial colonies taken from culture plates without any sample preparation steps
is highly desirable, making attenuated total reflectance (ATR) the spectral acquisition mode of
choice. We have tested compact FTIR spectrometers configured for ATR measurements using
a single-bounce diamond crystal and have developed spectral acquisition protocols that yields
highly reproducible spectra of microbial samples. Over the past two years, we have taken
these instruments into hospital and reference laboratories where we have acquired spectra of
>4300 well-characterized isolates (encompassing over 70 genera and 190 species) of bacteria
and yeasts, following culture on blood agar and Sabouraud dextrose agar, respectively, under
standardized growth conditions. The resulting spectral databases have been employed to
develop classification models at different levels of taxonomic specification for use in routine
microbial identification. In a prospective validation study conducted with daily samples in a
local hospital over a 7-month period, 96.5% of isolates were assigned to the correct genera
based on a multi-tiered classification of their ATR-FTIR spectra among the database spectra
collected on multiple instruments of the same model. At the species level, our ATR-FTIR
spectral database of medically important yeasts, with representation of 65 yeast species,
yielded 99.7% correct species identification in a prospective validation study conducted with
over 300 daily samples from 38 clinical microbiology labs [1]. Of particular importance in
present-day clinical mycology is the accurate identification of Candida auris, an emerging
pathogen that is often multidrug-resistant and whose spread in healthcare settings is of major
concern. While C. auris is often misidentified by standard laboratory methods, our studies
with a limited number of C. auris support the capability of discriminating between C. auris
and other Candida species by ATR-FTIR spectroscopy.Thus, in addition to providing a new
rapid method for routine clinical identification of yeasts, ATR-FTIR spectroscopy could
contribute to timely detection of life-threatening strains for proper patient diagnosis and
treatment and for improved infection control within hospitals. In collaboration with infection
control specialists, we have also investigated the use of ATR-FTIR spectroscopy for rapid
strain typing of vancomycin-resistant Enterococcus faecium (VRE), which is among the most
highly prevalent causes of hospital-acquired infections. In a prospective study conducted at a
local hospital, routine monitoring of VRE isolates by FTIR spectroscopy successfully
detected two outbreaks in 2019, which were retrospectively confirmed by pulsed-field gel
electrophoresis (PFGE), the gold-standard method for strain typing in VRE outbreak
investigations. Thus, the results we have obtained to date support the potential of the new
generation of ATR-FTIR analyzers to provide the real-time surveillance data needed for
timely detection of nosocomial outbreaks in support of improved infection control.
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Chemical speciation of abnormal deposits in kidney biopsy using infrared
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InfraRed (IR) spectromicroscopy allows chemical mapping of kidney biopsy. It is particularly
interesting for chemical speciation of abnormal tubular deposits and calcification. In 2017
using IR spectromicroscopy, it was possible to describe a new entity called vancomycin cast
nephropathy [1]. However, despite recent progresses IR microspectrometer spatial resolution
is intrinsically limited by diffraction (few micrometers). Combining atomic force microscopy
and IR lasers (AFMIR) allows acquisition of infrared absorption spectra with a resolution and
sensitivity in between 10 and 100 nm [2,3]. Here we show that AFMIR can be used on
standard paraffin embedded kidney biopsies. Vancomycin cast could be identified in a
damaged tubule. Interestingly unlike standard IR spectromicroscopy, AFMIR revealed
heterogeneities of the deposits and established that vancomycin co-precipitated with
phosphate containing molecules. These findings highlight the high potential of this approach
with nanometric spatial resolution that opens new perspectives for studies on drug-induced
nephritis, nanocrystals and local lipid or glucid alterations.
1. Y. Luque, K. Louis, C. Jouanneau, S. Placier, E. Esteve, D. Bazin, E. Rondeau, E. Letavernier, A. Wolfromm,
C. Gosset, A. Boueilh, M. Burbach, P. Frère, M.-C. Verpont, S. Vandermeersch, D. Langui, M. Daudon, V.
Frochot, and L. Mesnard, J. Am. Soc. Nephrol. 28, 1723 (2017).
2. A. Dazzi, F. Glotin, and R. Carminati, J. Appl. Phys. 107, 1 (2010).
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I report Photothermal-Induced Resonance measurements in the IR of intact eukaryotic cells.
The measurements provide images and spectra of viable eukaryotic cells with subcellular
resolution and compositional information. The images allow us to identify and probe the
nucleus and some organelles (Figure 1a, b). In addition, I show that we can image the cell
surface using normal and resonant mode PTIR, with resolution comparable to the one
obtained by AFM. Using normal PTIR, image contrast is dominated by the mechanical
properties of tip-sample interaction and tracks changes in resonance frequency of the
cantilever, instead of spectroscopic charges. I show that by using resonant mode PTIR we
can control the depth response of the technique and increase the selectivity for measurements
of the cell surface (Figure 1c). However, also in the case of resonant mode operation,
contrast and resolution are still dominated by the mechanical properties of the sample and by
tip sample interactions. I conclude by discussing the possibility to separate the spectroscopic
and thermomechanical parts of the PTIR response in cellular measurements.
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Figure 1. a) PTIR image of intact unfixed eukaryotic cell with 1670 cm-1 excitation. b) PTIR
spectrum from a single organelle. c) PTIR image of a portion of the cellular surface.

New light on Alzheimer’s disease: Novel infrared nanoimaging of amyloid
beta-sheet structures directly in the neurons.
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I will present novel optical-photothermal Infrared nanospectroscopy with a tuneable
bandwidth-limited laser continuum (µOPTIR) enables novel possibilities for chemical and
structural analysis of protein structures in situ. Using this novel approach, we imaged
amyloid β-sheet structures directly in transgenic neurons model of Alzheimer’s disease.
For the first time, we demonstrate the distribution of amyloid β-sheet structures at the
subcellular level directly in fixed neurons with a lateral resolution of about 400 nm.
We foresee broad application potential of non-contact hyperspectral optical-photothermal
infrared nanoimaging of neurotoxic β-sheet structures related to Alzheimer’s, Parkinson’s,
Huntington’s, prion disease, among other more than 20 different neurodegenerative
proteinopathies.

Brain Cell Phenotyping by Infrared Spectroscopy
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We are developing spectral phenotyping for cell recognition and identification, starting with
brain tissue from a Huntington’s disease mouse model and neurons from human induced
pluripotent stem cells (iPSC)-derived cells. Spectral phenotyping is a non-destructive, labelfree method to identify and capture cell types based on their spectral properties. A machine
image based algorithm uses signals from IR, Raman and
fluorescence to “learn” what features identify a cell type,
a method conceptually akin to “facial recognition”
software. Recognition software not only rapidly identifies
cell types from complex mixtures of dispersed tissue as a
basis for sorting, but also recognizes cells from a tissue
scan for precise pathology. The overarching goal is to
rapidly and non-destructively identify a cell type by its
spectral properties, isolate it, and match it to a phenotype
in control and disease states, as described by Leslie1.
We have demonstrated an excellent spatial correlation
between IR spectral markers and immunofluorescent
imaging in sections of mouse brain tissue, as shown in
Figure 1. We also have observed excellent spectral
separation between Huntington’s disease mice and wild
type mice in both the striatum and cerebellum regions of
Green = neurons
Clustering analysis
Red = astrocytes
(4 classes)
the brain. Additionally, we are studying culture grown
White = lipids
individual astrocyte cells. In all cases, IR is acquired
without any chemical processing or staining, meaning diagnosis could potentially be both
faster and more accurate, with richer data sets ripe for future analysis by machine learning.
The spectral phenotyping technique could provide a tool for the Human Cell Atlas2, an
international project that aims to chart the type and location of every cell in the body. In the
future we will develop a comprehensive machine-based algorithm to “learn” what features
(spectral and non-spectral) reproducibly identify a cell. Advanced visualization and spatial
registration software for interactive multi-modal tissue mapping, which allows the user to
choose individual feature combinations in a 3-D tissue image, and to query spatial
relationships will be developed. Spectrally identified cells will be linked directly to their
functional transcriptomes the single cell level using Drop-Seq (together with the Joint
Genome Institute). Spectral phenotyping might one day also help diagnose illnesses, probe the
cellular changes that lead to disease, and delve into embryonic development.
References:
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SERS of cells and of pure molecules (nothing compares)
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Surface-enhanced Raman scattering (SERS) without the use of reporter or label molecules can
be useful for the vibrational characterization of molecular structure and interactions at the
surface of nanostructures. The enhancement relies on the nanometer-scaled proximity of the
molecules to a plasmonic (gold or silver) nanoparticle. Therefore in the biomedical context,
SERS provides answers regarding mechanisms of nanotoxicity or the composition of the
surface of theranostic nanoparticles, e.g., on the action of nanoparticle-based drug carriers.
Furthermore, SERS nanoprobes can be brought into a particular environment and will report
on the molecular composition in this environment - depending on their interaction with it. The
great influence of the specific interaction of the molecules or their functional groups with the
nanostructure, for example, when concentrations are changing, [1] can result in high signal
heterogeneity. Spectra are usually not interpretable at a quantitative level but must be treated
statistically to extract qualitative information. Therefore, the use of spectra from molecular
models in the interpretation of SERS spectra of animal cells is not straightforward.
We compare the SERS data obtained from pure lipids, proteins, and different drug molecules
to those from different types of cells, including cells treated with drugs in a cell model of
antidepressant-induced lipidosis. While the spectra from pure molecules carry detailed
information about their structure and interaction with gold nanoparticles, different signal
strengths observed for different molecular species can complicate the extraction of clear
spectral signatures from the SERS data of the cells. Random forest (RF) analysis is
particularly useful in harnessing SERS spectra from mixtures of different molecular species
and interacting components, as it provides important variables used for the discrimination. We
applied RF it to several thousand individual spectra from different subcellular regions. [2] The
spectra of the pure compounds are needed for an interpretation of the discriminators, leading
to the observation of an interaction of antidepressant and lipids.
The combination of RF machine learning with a comparison of pure compound spectra is an
important step towards several applications of live cell SERS.

[1.] G.P. Szekeres, J. Kneipp, Frontiers in Chemistry, DOI: 10.3389/fchem.2019.00030 (2019).
[2.] V. Živanović, S. Seifert, D. Drescher, P. Schrade, S. Werner, P. Guttmann, G. P. Szekeres, S. Bachmann,
G. Schneider, C. Arenz, J. Kneipp, ACS Nano, DOI 10.1021/acsnano.9b04001 (2019).
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Mineralized bone forms when collagen-containing osteoid accrues mineral crystals. This
process happens in two stages: primary mineralisation during which the rapid initialisation of
mineral formation takes place, and secondary mineralisation in which further mineral accrual
occurs more slowly, and the mineralised matrix matures. Osteocytes, embedded within bone
matrix, respond to external stimuli such as hormones and mechanical stress by altered gene
expression, including the contact-dependent signalling molecule EphrinB2. To investigate the
process of secondary mineralisation and the involvement of EphrinB2, a range of analyses
were conducted on bones from mice in which the expression of EphrinB2 had been
suppressed in osteocytes resulting in a “brittle bone” phenotype. [1] Three-point bending tests
and micro-indentation showed a reduction in bone strength in female mice when EphrinB2
expression was suppressed. Micro CT however did not show any difference in cortical bone
dimensions between the brittle and control bone. Trabecular structure, osteoid thickness and
the structure of the osteocyte network were also similar in brittle and control bone.
Synchrotron-FTIR microspectroscopy was used to analyse the
mineral and protein composition of the cortex of thinsectioned tibiae at a distance of 1.5 mm from the growth plate,
measuring three points at increasing depth from the bone
surface, and hence of increasing maturity (Figure 1). Peak area
ratios were calculated according to the method previously
reported [2]: mineral:matrix ratio (1180–916 cm−1/588–1712
cm−1), carbonate: phosphate ratio (1180–916 cm−1/890–852
cm−1) and amide I:II ratio (1588–1712 cm−1/1600–1500 cm−1).
Bones from female mice with suppressed EphrinB2 levels
showed significantly greater mineral accrual in the more
immature regions of periosteal bone, with a higher proportion
of carbonate mineral relative to phosphate. These bones also
showed significantly lower Amide I: Amide II ratio, which has
been interpreted as an indication of increased collagen
compaction within the matrix. Polarised FTIR imaging was
also used to confirm the difference in collagen orientation
between the control and EphrinB2 suppressed mouse bone.

Figure 1. Regions of periosteal bone
used for synchrotron-based Fouriertransform infrared microspectroscopy

These results show that the “brittle bone” phenotype is not a result of reduced bone mass, but
is due to the deposition of weaker bone material, and that EphrinB2 is responsible for
moderating ongoing mineral accrual, therefore maintaining bone flexibility.
[1.] C. Vrahnas, M. Blank, et al., Nat. Commun., 10, 3436 (2019).
[2.] A. Boskey and N. Pleshkocamacho, Biomaterials, 28, 2465–2478 (2007).
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White blood cells (WBCs, leukocytes) play an important role in the body’s immune system.
They are responsible for fighting bacterial, viral and fungal infections and accompany
inflammatory state. In our work we focus on granulocytes, eosinophils (acidophilic
granulocytes, ca. 1-6% of WBCs) and neutrophils (azurophilic granulocytes, ca. 50-60 % of
WBCs), that constitute the important target in clinical diagnosis. Although blood is an easily
accessible biomaterial, the most common analysis of WBCs relies only on their counting after
complex separation of cells from blood.
Here we aimed to determine
morphological and biological
characteristic of eosinophils and
neutrophils with the use of fluorescence
and Raman microscopy. This
spectroscopic signature can be used for
differentiation of these cells in blood
samples and for identification of
biochemical alternations due to external
stimuli and diseases. While
fluorescence imaging combined with a
Columbus image analysis numerically
described cells and their nuclei
Figure 1. White-light microphotographs (A) and Raman
parameters, Raman spectroscopy
distribution images of selected chemical components (B,C)
identified heme proteins
compared to KMC maps (D) of human neutrophil (left) and
eosinophil (right). (E and F) The comparison of Raman
(myeloperoxidase and eosinophil
spectra of neat MPO and EPO with mean spectra extracted
peroxidase) and lipid droplets as the
from the cytoplasmic class of WBCs. All Raman spectra were
discriminators of the investigated
collected with a 532 nm laser excitation. Adapted from [1,2].
granulocytes (Fig. 1). Since Raman
profile of heme proteins is dependent on excitation wavelength, we performed laser excitation
study to propose a sensitive method for the detection of both cells and examination of their
biochemical composition due to inflammation stimuli. In turn, the Raman characterisation of
lipid droplets was complemented by fluorescence-detected BODIPY staining.
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Infrared Spectral Detection and Classification of Macrophages
Max Diem
Dept. of Chem. & Chem. Biol. Northeastern University, Boston, MA 02115 (emeritus)
Spectral Histopathology (SHP) has opened new avenues toward instrument-based,
computer analyzed objective and reproducible pathology. [1] In SHP, one assumes that
the same tissue type or disease state always exhibits the same spectral signature. Based
on this assumption, procedures and methods have been developed that allow classification of normal and diseased tissues and cells with very high accuracy, as compared to
standard pathological and immuno-histochemistry procedures. [2]
However, the assumption that the same tissue type always exhibits the same spectral
signatures breaks down for macrophages. These immune cells respond to the presence of
pathogens or diseased cells and tissue which they engulf and digest. This process changes
the biochemical composition of the macrophages, in particular, after ingestion of erythrocytes or necrotic cells. In the former case, the spectral properties of “hemosiderin - laden
macrophages” resemble those of hemoglobin, and in the latter case, macrophages assume
spectral signatures of necrotic tissue. These large spectral changes may confound the
classification of macrophages in tissue sections where these cells are found.
Of more therapeutic significance of spectral macrophage classification is their activation in the vicinity of tumors. Tumor associated macrophages (TAMs) play an important
role in tumor promotion by vascularization and immune response suppression. TAMs are
thought to arise mostly from the M2 phenotype of macrophages that, along with M1 macrophages, develop from the same progenitor cells. Once the large spectral variations of
macrophages resulting from their “clean-up” activity are understood, it is possible to
distinguish much smaller spectral variations between alveolar macrophages in normal
tissue and those adjacent to cancerous tissue. Interestingly, the spectral differences are
very similar to those reported earlier between activated and non-activated lymphocytes.
[3] These changes may reveal information on macrophage activation and polarization.
References
[1.] Diem, M., A. Ergin, and X. Mu, “Spectral Histopathology of the lung: A review of two large studies.” (2019) J.Biophotonics, 1-19. DOI: 10.1001/jbio.201900061
[2.] Akalin, A., Ergin, A., Remiszewski, S., Mu, X., Raz, D., Diem, M., “Resolving Interobserver Discrepancies in Lung Cancer Diagnoses by Spectral Histopathology.” (2019) Arch.Path.Lab.Med.
143, 157-173.
[3.] Mazur, A.I., Bird, B., Miljković, M., Diem, M., “Detection of B-Lymphocyte Activation by various
Primary Tumors.” (2013) J.Biophotonics,. 6(1), 101-109.
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Application of Raman microscopy in analysis of barrier-related
parameters of human stratum corneum in vivo
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The stratum corneum (SC), the outermost skin, layer is known for providing the skin barrier
function. The SC consists of corneocytes embedded in the intercellular lipid (ICL) matrix,
which represents the highly organized membrane-like structure. Orthorhombic lateral
organization of ICL is mainly responsible for maintaining the skin barrier function [1].
Hydration of the SC plays an important role in providing corneocyte proliferation and ICLrelated barrier formation, which depends on many factors, for instance, on the concentration
of natural moisturizing factor (NMF) molecules and folding properties of keratin inside the
corneocytes. For non-invasive in vivo determination of the SC barrier function only one
indirect method exists, which is based on the measurement of the trans-epidermal water loss.
However, this method does not provide information about parameters related to skin barrier
function, is not depth dependent and is non-applicable in case of skin treatment with
formulations.
Using in vivo confocal Raman microscopy, we have determined depth profiles of the lateral
(orthorhombic/hexagonal) and lamellar (trans-/gauche-conformation) ICL organization in the
lamellas [2], hydrogen bonding state of water molecules [3], tertiary structure of keratin
(stability of disulphide bonds, buried/exposed tyrosine and folding/unfolding state of keratin)
[4] and concentration of lipids, water and NMF [5] in the SC of forearm skin of healthy
volunteers in vivo. These skin barrier function-related parameters of the SC (except for the
substances concentration) have been determined for the first time in vivo.
The results show non-homogeneous depth-dependent distributions of these parameters. For
instance, maximal skin barrier function, characterized by the increased orthorhombic ICL
organization with highest amount of trans ICL conformers, was found in the depth approx.
20–40% of the SC thickness [2]. At the same SC depths water molecules characterized by the
highest hydrogen bonding state and concentration of NMF molecules is maximal [3]. The
depth profile of keratin’s tertiary structure does not coincide this tendency, showing a gradient
from the mostly folded state in the superficial SC depths towards the most unfolded state in
the deep SC [4]. Based on the obtained depth profiles a three-layer model of the SC regarding
the keratin-water-NMF interaction was proposed: 0–30% SC depth – non-swelling region –
NMF molecules are mainly responsible for water binding; 30–70% SC depth – swelling
region – keratin is mainly responsible for water binding; 80–100% SC depth – low-swelling
region – water molecules are almost entirely bound with keratin.
[1.]
[2.]
[3.]
[4.]
[5.]

J. van Smeden, M. Janssens, G.S. Gooris, J.A. Bouwstra, Biochimica Biophysica Acta. 1841, 295 (2014).
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C. Choe, J. Lademann, M.E. Darvin, Analyst. 141, 6329-6337 (2016).
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QUASAR
Intuitive Machine Learning Software for Spectroscopic Data
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Vibrational biospectroscopy data used for clinical diagnostic or biological studies exhibit
significant analysis challenges: large sample variability and subtle relevant differences,
sensitivity to cell culture conditions and sample shape. They often require the use of large
datasets, and sophisticated data analysis techniques to solve classification problems. Such
techniques are available either in proprietary software packages or in programming languages
that may have a high skill entry cost for biologists. Quasar is based on Orange Canvas1 and
was designed to provide sophisticated data analysis tools for data visualization, exploration,
and classification in an easy-to-learn and intuitive interface. Quasar has an integrated
spectroscopy package developed in collaboration by several vibrational biospectroscopy labs2.
Quasar (https:\\quasar-codes) is free and open-source and compatible with Windows, Linux
and Apple operating systems. It features powerful data mining, machine learning and
chemometrics tools such as PCA, HCA, ANN, regressions... Quasar can handle many
common spectroscopy file formats (.spc, Opus, .spa, .map, HDF5…), provides the main
preprocessing tools (spectroscopic transforms, FFT, baseline correction, normalization,
derivation, EMSC…), spectral and hyperspectral map visualization tools… The core of
Orange/Quasar lies in several easy-to-use regularization and validation tools that allow
bringing additional rigor in the analysis process. Quasar is fast and powerful and will give a
new dimension to your data analysis.
[1.]

Demšar, J.; Curk, T.; Erjavec, A.; Hočevar, T.; Milutinovič, M.; Možina, M.; Polajnar, M.; Toplak, M.;
Starič, A.; Stajdohar, M.; Umek, L.; Zagar, L.; Zbontar, J.; Zitnik, M.; Zupan, B. J. Mach. Learn. Res.
2013, 14, 2349–2353.
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Monitoring of the insulin-dependent glucose metabolism of human monocytes
in cell cultures by microdialysis and infrared spectrometry
Adrian Krolinski, Sven Delbeck, Yannick Dederich, Sandra Stoppelkamp
and H. Michael Heise
Interdisciplinary Center for Life Sciences, South-Westphalia University of Applied Sciences,
Frauenstuhlweg 31, D-58644 Iserlohn, Germany
Quality monitoring assays for therapeutic insulin formulations as available from pharmacies
have received great interest since a recent critical study by Carter and Heinemann [1].
Dependent on various factors such as low pH, elevated temperature or mechanical agitation,
therapeutic insulins undergo a continuous process of degradation during manufacturing and
storage until usage by patients [2]. Consequently, changes in secondary up to quaternary
structures of the protein take place, with the consequence of a decrease in biological activity
due to partial misfolding and fibril formation.
Since a direct dependency between insulin activity and glucose metabolism of special cells
(here, the insulin-dependent human monocytic cell line MONO-MAC-6 [3,4]) exists,
continuous glucose monitoring in a cell culture medium can be used for determining the
biological activity of insulin formulations instead of diabetic animal testing or human subject
clamp experiments. The culture medium was continuously analyzed up to 48 h by inserting a
microdialysis catheter into the cell culture at a perfusate flow rate around 1 µl/min and
subsequent transmission infrared spectrometry [5].
For accurate glucose quantification, mannitol within the perfusate has been applied as internal
standard for microdialysis to be independent from any catheter fouling, affecting the recovery
rates. Despite the complex composition of the cell medium, a reliable identification and
quantification of important analytes (substrates and metabolites) in the dialysate can be
realized by a Classical Least-Squares method with a set of reference spectra. By determining
either the slope of the time dependent glucose utilization or the time until reaching a
stationary glucose level within the cell culture, the quality of each insulin tested can be
assessed.
[1] A.W. Carter, L. Heinemann, “Insulin Concentration in Vials Randomly Purchased in Pharmacies in the
United States: Considerable Loss in the Cold Supply Chain”, Journal of Diabetes Science and Technology
12(4), 839–841 (2018)
[2] J.M. Beals, M.R. DeFelippis, P.M. Kovach, J.A. Jackson, „Insulin“ in “Pharmaceutical Biotechnology –
Fundamentals and Applications”, D.J.A. Crommelin, R.D. Sindelar, B. Meibohm [eds.], 4th ed., Springer,
New York, pp. 255- 275 (2013)
[3] https://www.dsmz.de/collection/catalogue/details/culture/ACC-124 (last visited 07.08.2019)
[4] H.W.L. Ziegler-Heitbrock, E. Thiel, A, Fütterer, V. Herzog, A. Wirtz, G. Riethmüller, “Establishment
of a human cell line (MONO MAC 6) with characteristics of mature monocytes“, International Journal of
Cancer 41 (3), 456-461 (1988)
[5] T. Vahlsing, S. Delbeck, J. Budde, D. Ihrig, H.M. Heise, “Combination of micro-dialysis and infrared
spectroscopy: a multianalyte assay for accurate biofluid analysis and patient monitoring,” Proc. SPIE 9704,
97040R (2016)
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Is freezing of bacterial samples the way to go?
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In the last years Raman spectroscopy clearly gained interest in medical research because it is a
culture-independent, non-destructive and contact-less method[1]. However, many properties
have already been found which influence the spectra [2, 3]. As for example complex media or
media supplements can support growth or germination of bacteria and therefore influence the
spectra [1, 4, 5]. Also biofilms [6] or even more inconspicuous characteristics as age [7] can
affect bacteria and their spectra in a huge way as well as physical stressors [8]. To get
satisfactory identification of bacteria it is from great importance to define the objective and
keep as much influences as possible in mind. One of the least controllable factors is transport
and storage but it is often not taken into account and therefore these influences on the Raman
spectra of bacteria are unknown. In order to investigate this effect, we simulated the transport
and storage of bacteria under different conditions and investigated them with Raman
spectroscopy.
Financial support of the Leibniz consortium LuMEN (SAW-2016-FZB-2) is greatly
acknowledged.
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The use of FTIR for reliable bacterium identification
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The need for novel techniques of rapid identification of pathogenic microorganisms arises
from the massive spread of drug-resistant nosocomial strains and the emergence of centers for
biohazard control. Fourier-transform infrared spectroscopy is a promising alternative to mass
spectrometry as it is cost-effective, fast and suitable for field use. The aim of this work was to
create a reliable model able to identify a pathogenic bacterium Staphylococcus aureus.
S.aureus was chosen as a frequent cause of hospital-acquired infectious disease. It is the most
pathogenic within 44 species of Genus Staphylococcus and commonly associated with
septicemia, osteomyelitis, endocarditis, and skin infection. [1] Although there are many
analogues described in the literature, there is a lack of reliability of resulting models. In this
work, the stress was put on the model reliability. Which means that it is capable of identifying
the bacterium within a wide range of other bacteria regardless of the culture medium, growth
phase, and minor operator mistakes.
A dataset of 608 FTIR spectra of 21 bacteria (A. baumannii, B. abortus, B. canis, B.
neotomae, B. suis, C. albicans, E. cloacae, E. coli, E. faecalis, E. faecium, K. pneumoniae, P.
aeruginosa, S. aureus, S. capitis, S. epidermidis, S. haemolyticus, S. hominis, S. marcescens,
S. sciuri, S. simulans, S. warneri) in a different culture medium, growth phase, and of
different spectra quality was collected. The strains were isolated from patients of Bakulev
National Medical Research Center of Cardiovascular Surgery and Kulakov National Medical
Research Center for Obstetrics, Gynecology and Perinatology. It total, it was 145 isolates.
Using PCA-LDA approach, a model identifying S. aureus was built. Validated by 10 times
repeated 20-fold cross-validation, the quality of the model is as high as 98,8% accuracy,
100% sensitivity, 98,2% specificity, and 100% AUC. Although a lot of work to do for
practical usage of such a model, the present work is one step towards it and demonstrates the
suitability of such an approach.
[1.] Saichek NR, Cox CR, Kim S, Harrington PB, Stambach NR, Voorhees KJ: "Strain-level
Staphylococcus differentiation by CeO2-metal oxide laser ionization mass spectrometry fatty acid
profiling", BMC Microbiol., (2016).
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Cross-Validation Revisited:
using Uncertainty Estimates to Improve Model Autotuning
Claudia Beleites
Chemometrix GmbH, Wölfersheim/Germany
Precise knowledge of model performance is a prerequisite for common model optimization or
hyperparameter autotuning strategies. Cross validation (CV) is one of the most frequently applied
techniques to estimate model performance for this purpose. Naive selection of the apparently best
hyperparameters without accounting for the uncertainty in the performance estimate compared to
the performance improvement leads to unstable optimization results and a bias towards selecting
too complex models, particularly when comparing many hyperparameter sets and for performance
estimates subject to high variance (random uncertainty) [1]. To mitigate this effect, the so-called
one-standard-deviation-rule has been recommended [2] which selects the least complex model
whose observed performance is within one standard deviation of the best observed performance
(means and standard deviations across CV folds).
We extend this approach by employing repeated cross validation and/or bootstrapping to generate
uncertainty estimates that explicitly address two independent sources of variance on the CV
performance estimates: random uncertainty due to the limited number of cases available for testing
and uncertainty due to overfitting, i.e. model instability [3]. This approach is applicable to
regression model as well as classifier autotuning and allows to address the limiting factor: in
particular, model instability can to a certain extent be accounted for in the modeling process while
too small test sample sizes will always require obtaining more samples.
In addition, we discuss situations where many factors influence the spectra and thus cause
dependence with respect to the meaning of “more samples” and to achieving independent CV splits.

Optimizing number of latent variables (ncomp) for PLS2 two-analyte regression. Error bars give random uncertainty
due to both limited number of available cases and model instability. While the apparent optimum occurs at 9 latent
variables, the uncertainty estimates reveal that improvement after 5 latent variables is not clear. Here, the limited
number of test cases rather than model instability is the major contribution to random uncertainty (not shown).
[1] Cawley & Talbot: On Over-fitting in Model Selection and Subsequent Selection Bias in Performance Evaluation,
JMLR 11, 2079-2107 (2010).
[2] Hastie, Tibshirani & Friedman: Elements of Statistical Learning (2009).
[3] Beleites & Salzer: Assessing and improving the stability of chemometric models in small sample size situations,
Anal Bioanal Chem, 390, 1261-1271 (2008).
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Obesity is in association with many other metabolic disorders. Recent evidence points out that
intramyocellular lipid (IMCL) accumulation is directly correlated with insulin resistance, a
key parameter in the generation of obesity. This current study is mainly focused on the
structural and compositional characterization of macromolecules of longissimus dorsi and
quadriceps muscles of Berlin fat mouse inbred (BFMI) lines, models of spontaneous obesity
[1], using FTIR microspectroscopic imaging and to quantify fiber specific muscle lipid
droplet (LD) content using confocal microscopy. Muscle sections from 20 weeks old high fat
diet fed control (DBA/2J) and BFMI lines (BFMI856, BFMI860, BFMI861) were directly
placed on BaF2 windows and monitored by FTIR imaging. In addition, serial cross sections
were stained for myosin heavy chain type I, IIa and IMCL, and viewed with confocal
microscopy. A new neutral lipid stain, namely LD540, was used for staining IMCL.
According to the results, an increase in triglyceride content was observed in skeletal muscles
of BFMI860 and BFMI861 mice, which is positively correlated with obesity and the markers
of insulin resistance. Moreover, the skeletal muscles of BFMI860 and BFMI861 lines
demonstrated a loss of unsaturation and possess lipids with shorter hydrocarbon chain length,
indicative of enhanced lipid peroxidation which in turn interferes with the correct insulinreceptor binding due to the increased membrane rigidity. Furthermore, an increased
glycogen/phosphate ratio revealing a decreased metabolic activity was observed. Fibers
having a lower glycogen/phosphate ratio (higher metabolic activity), were found to have a
higher carbonyl ester (triglyceride), methylene and unsaturated lipid content together with
lower methyl group content and lipids with a longer chain length. The obtained data also
indicates a fiber type specific accumulation of LDs in both skeletal muscles, where more total
lipid content was observed in IIa fibers. The lipid content expressed as area fraction was
found to be higher in BFMI860 and BFMI861 lines in comparison to the control.
The results of the characterization revealed that BFMI 860 and BFMI861 lines are convenient
models for the study of spontaneous obesity. BFMI860 line which has higher body fat content
and a slower clearance of glucose from blood upon injection of insulin was found to has the
highest lipid content, especially in longissimus muscle.
Acknowledgement: This work was supported by the Scientific and Technical Research
Council of Turkey (TUBITAK) through SBAG-BMBF-6-108S264 research fund.
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Probing one- and two-component lipid monolayers by nonlinear vibrational
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Artificial multi-component lipid monolayers are promising model systems to mimic lung
surfactants. Pulmonary surfactant plays a fundamental role in respiration and is a primary
defense barrier against particles and microorganisms at the air-water interface. It consists of
90 wt% lipids and 10 wt% proteins with saturated and unsaturated lipids being the two main
phosphatidylcholines (PC) constituents. The deficiency of this monolayer causes respiratory
distress syndrome and is treated by its routine replacement with exogenous pulmonary
surfactant, e.g., protein-free or animal-derived systems. However, further investigations of the
physicochemical properties of multi-component PC monolayers are required to fully
understand the fundamental mechanisms and to support the development of new synthetic
surfactants. One of the main obstacles to gaining a deeper understanding of artificial versus
natural lung surfactant function is the lack of analytical methods capable of fast data
acquisition under physiologically relevant conditions without sample modification and
deterioration.
A technique that is label-free and can also provide monolayer sensitivity is vibrational
sum-frequency generation (VSFG) spectroscopy. This nonlinear analytical tool delivers
structural, orientational, and dynamical information at the interface. [1,2] Recently, we
developed a new generation, high-repetition-rate, high-resolution broadband VSFG
spectrometer with two orders of magnitude higher sensitivity compared to typical VSFG
spectrometers, at a drastically reduced acquisition time. [1-3] Here, we present the first
systematic study of the surface pressure and mixing ratio dependence of VSFG spectra of
one- and two-component supported lipid monolayers, containing saturated and unsaturated
PCs. While saturated PCs control the rigidity of the membrane, unsaturated lipids maintain
their fluidity which depends on several factors, e.g., temperature, concentration, surface
pressure. New vibrational bands of the PC monolayers in the C-H stretching region as well as
in the fingerprint region were resolved due to the high spectral resolution and signal-to-noise
ratio. Furthermore, quantitative information about the structure and orientation of one- and
two-component PC monolayers at different surface tensions were provided based on the
VSFG spectra. [4] Therefore, the method offers a good practical solution for characterizing
heterogeneous interfaces over macroscopic biological timescales.
[1] Z. Heiner, V. Petrov, M. Mero, APL Photonics 2, 066102 (2017).
[2] F. Yesudas, M. Mero, J. Kneipp, Z. Heiner, The Journal of Chemical Physics 148, 104702 (2018).
[3] Z. Heiner,L. Wang, V. Petrov, M. Mero, Optics Express 27, 15289-15297 (2019).
[4] F. Yesudas, M. Mero, J. Kneipp, Z. Heiner, Anal Bioanal. Chem. 411, 4861–4871 (2019).

Poster Session
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The main components in enamel are: inorganic minerals (96%): hydroxyapatite (Ca2+, PO43-,
OH-) – arranged in tightly-packed prisms, organic matter (1%): proteins, lipids and water
(3%): loosely-bound and structural. The latter two are present between and around prisms
(intra- and inter-prismatic) [1-5].
Impurities present in enamel: greater in inner regions – increases acid solubility; incorporated
from environment (toothpastes, community fluoridation): greater at the surface – reduces acid
solubility.
It is known [6-7], that laser-induced purification of enamel hydroxyapatite decreases
carbonate and water and increases structural OH- ions; formation of pyrophosphate.
However there is still knowledge gap including lack of site-specificity: critical, owing to
substrate complexity and highly-specific effect of laser and exact role of FDA-approved SDF
(silver diamine fluoride) in treating enamel caries.
The main objective of our work was to characterise the site-specific changes in inorganic and
organic groups in demineralised enamel after SDF intervention (with and without laser
treatment) and to evaluate the chemical composition of silver complexes formed in
demineralised enamel after SDF intervention (again with and without laser treatment).
150 µm thick sections of enamel caries lesion were fluoride- and laser-treated. Experiments
were performed with mIRage device, IR microscope working in non-contact mode and
offering submicron IR spectroscopy and imaging; and with classical FTIR microscope by
means of ATR objective
Based on our results it seems that SDF-treatment of caries lesion causes incorporation of
silver complexes in enamel, thereby increasing its acid resistance. Additionally it is worth
mentioning that mIRage microscope opens a new avenue for non-destructive, efficient and
reliable analysis of fluoride- and laser-treated enamel caries lesion.
References:
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biology 2012, 57, 1153.
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Bone strength depends on both bone quantity and quality. Although bone mineral density
(BMD) measurement estimates bone quantity in clinics, it can not give information about
bone quality [1]. Bone quality includes the structural and material features of different
hierarchical levels of bone tissue. Bone disorders and fracture risk are not only dependent on
bone mass itself. Structural and material properties including collagen amount and quality,
size of hydroxyapatite crystals and mineral content are all correlated with bone health [2].
Drugs used for the treatment of neurodegenerative, metabolic and cardiovascular diseases
such as antiepileptic drugs, cholesterol lowering drugs, etc. can induce adverse and/or
pleiotrophic effects on bone tissues [3-5].
Fourier transform infrared (FTIR) microspectroscopy is a powerful technique to get
information about the structural and material properties of bone tissue in bone disorders
especially in osteoporosis [1]. This technique enables to investigate these properties as a
function of anatomic location and mineralization level. Bone quality parameters that can be
measured by FTIR microscopy includes mineral to matrix ratio for mineral content, carbonate
to mineral ratio for mineral carbonate substitution amount in apatite crystals, collagen
crosslinks ratio (the ratio of two major Type I bone collagen crosslinks) for collagen maturity
and phosphate to mineral ratio for the hydroxyapatite crystal size in bone tissues.
In this presentation two different examples of FTIR microscopic study of our group will be
given in which the effects of some anti-epileptic drugs on different bone tissues were
determined. These FTIR microspectroscopy results can complement the results of histology,
biochemical markers and BMD measurements implying unique information on the
mechanisms that result in bone disorders due to the drug treatment.
[1.] E.P. Paschalis, R. Mendelsohn, Adele L. Boskey, Clin Orthop Relat Res 469, 2170–2178 (2011).
[2.] S. Garip, A.L. Boskey, in: F. Severcan, H.I. Parvez (eds.): “Vibrational Spectroscopy in Diagnosis and
Screening”, IOS Press (2012).
[3.] S.G. Ustaoglu, Z. Evis, G. Ilbay, A. Boskey, F. Severcan, Appl Spectrosc. 72(5), 689-705 (2018).
[4.] S. Garip, D. Sahin, F. Severcan, Journal of Biomedical Optics, 18(11), 111409 (2013).
[5.] S. Garip, F. Severcan, Journal of Pharmaceutical and Biomedical Analysis, 52(4), 580-8 (2010).
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Members of the Enterobacter (E.) cloacae complex (ECC) are frequently involved in
nosocomial infections and outbreaks. [1] Fast and reliable strain typing methods are crucial
for surveillance and outbreak analysis. Fourier-transform infrared (FTIR) spectroscopy is a
spectrum-based technique which can be used for identification and typing of bacterial
isolates. [2] The aim of this study was to evaluate this method for strain typing of clinical
ECC strains in a retrospective setting as well as during an outbreak situation. Whole genome
sequencing (WGS) was used as reference method.
ECC isolates (n = 239) were recovered from weekly microbiological patient screenings on a
neonatal unit. All isolates were analyzed by FTIR spectroscopy on an IR Biotyper system.
The first isolate of every patient as well as isolates that showed low similarity to other isolates
were analyzed by WGS (n = 53). Subsequently 14 isolates belonging to an outbreak on our
neonatal unit were analyzed by FTIR as well as WGS. Genome data were analyzed by multilocus sequence type (ST) extraction, SNP-based phylogeny, and average nucleotide identity
(ANI) for species attribution.
WGS analysis revealed that the strains belonged to 5 different species within the ECC
comprising 17 sequence types, each of which represented a separate phylogenetic cluster.
Clustering of FTIR spectra of sequenced isolates based on their Euclidean distance showed
acceptable concordance with the ST.
Employment of an artificial neural network (ANN) could improve the grouping of the isolates
with respect to ST. However, the discriminatory power of the ANN was reduced, when
confronted with spectra from species or ST not contained in the training data. FTIR typing
results of the 14 strains obtained during an outbreak showed full concordance with the
reference method WGS.
In conclusion FTIR spectroscopy is a promising method for species identification and strain
typing of clinical ECC isolates for surveillance as well as outbreak analysis. Discriminatory
power can be improved by implementing an ANN for spectrum analysis. Due to its low costs
and fast turnaround times, FTIR presents a valuable tool for real-time surveillance, which can
be complemented by subsequent WGS if high-resolution typing is required.
[1.] M. Mezzatesta, F. Gona, S. Stefani, Future Microbiol. 7(7), 887-902 (2012).
[2.] M. Wenning, S. Scherer, Appl Microbiol Biotechnol. 97(16), 7111-20 (2013).
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Since December 2014, the EU implemented a regulation specifying that frozen/ thawed
products have to be labeled “defrosted” (EU Regulation 1169/2011), as safety, taste, and the
physical quality of food items can be affected. Retailers are faced with the risk of mislabeling,
as fresh and frozen/thawed meat is visually indistinguishable. To date, no tool for fast,
reproducible, and inexpensive differentiation has been implemented in practice.
Machine learning assisted Fourier Transform Infrared (FTIR) spectroscopy is well suited for
assessing the quality of food products. Spectroscopy in combination with chemometrics is
able to determine the overall chemical composition of a given sample, which results in a
molecular spectral fingerprint that can be analyzed by various pattern recognition algorithms.
The exploratory features of chemometrics allow for the comparison of hundreds or thousands
of chemical or spectral variables that can be impossible by univariate data analysis and direct
visual inspection. Recently, we provided proof of principle that FTIR spectroscopy enables
rapid and reliable differentiation of fresh and frozen/thawed chicken meat (Grunert et al.
2016). The overall objective of the follow-up project was the development of a robust,
machine learning algorithm based on a much larger and diverse sample collection to monitor
poultry meat quality by differentiating between fresh and frozen/thawed chicken meat. FTIR
spectroscopy-based measurements were performed as high throughput measurements in
transmission (Bruker FTIR HTS-XT) and in attenuated total reflectance (FTIR-ATR) mode.
Measurements of samples from different deliveries as well as from meat subjected to
extremely long freezing periods have been completed. Protein spectral signatures
characteristic for fresh and frozen/thawed meat were determined and machine learning models
were established that allow the rapid, reliable and reagent-free discrimination of fresh and
frozen/thawed meat based on FTIR spectral data. Finally, all the models were compared to
find the best model for the classification of the fresh and frozen/thawed meat by FTIR
spectroscopy. Thus, FTIR spectroscopy may represent a promising tool to be used by both
retailers and governmental control agencies to ascertain correct labeling of chicken meat.
[1.] T. Grunert, R. Stephan, M. Ehling-Schulz, S. Johler. Food Control 60: 361-364 (2016).
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Enterobacteriaceae is a family of bacteria, many of whom are human pathogens, such as
Escherichia, Shigella and Klebsiella species. Identifying these bacteria is critical for
treatments decisions and tracking outbreaks in hospitals [1]. However, Enterobacteriaceae
share some characteristics that make them difficult to differentiate (e.g., Shigella and
Escherichia) [2]. By measuring the Raman spectrum of bacterial cells, it is possible to rapidly
collect molecular fingerprints and identify different species of Enterobacteriaceae [3].
In this study, Raman spectroscopy was applied for the fast differentiation of strains of
Enterobacteriaceae. We used spectra collected from single bacterial cells. To establish a large
database, we collected different strains from different sources including both sensitive and
multi-drug resistant strains. Furthermore, we applied molecular typing methods prior to
Raman spectroscopy [4, 5, 6]. With this first database, we trained a chemometric model to
identify the strains based on their spectra. We were able to identify bacteria at the species and
genus level. Moreover, we trained a model to identify multi-drug resistant strains.
These early results indicate that this method may be applicable, however in order to improve
accuracy the database needs to be extended. We hope to improve the identification and
differentiation of different Enterobacteriaceae and thus advance public health.
We thank the Federal Ministry of Education and Research (BMBF) for funding this research
as part of project CarbaTech (01EI 1701).
Donnenberg, M.S., Principles and Practice of Infectious Diseases (8th Edition) 2503-2517 (2015)
Chattaway, U. Shaefer, R. Tewolde, TJ. Dallman, C. Jenkins, J Clin Microbiol. 55, 616-623 (2017)
Lorenz, B. Wichmann, C. Stöckel, S. Rösch, P. Popp J., Trends Microbiol. 25, 413-424 (2017)
Braun, S.D. Jamil, B. Syed, M.A. Abbasi, S.A. Weiß, D. Slickers, P. Monecke, S. Engelmann, I. Ehricht,
R. Future Microbiol. 13, 1225-1246 (2018)
[5.] Braun, S.D. Monecke, S. Thürmer, A. Ruppelt, A. Makarewicz, O. Pletz, M. Reiβig, A. Slickers, P.
Ehricht, R. PLoS One. 28, e102232.
[6.] Braun, S.D. Dorneanu, O.S. Vremeră, T. Reißig, A. Monecke, S. Ehricht, R. Future Microbiol. 11, 391401 (2016)
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The Alzheimer’s disease (AD) is characterized by fibrillar amyloid deposits in extra neuronal
spaces. Amyloid plaques are composed essentially of the amyloid β peptide (Aβ) [1]. Aβ is
also associated to early onset AD and cerebral amyloid angiopathy due to point mutations in
the peptide [2]. This polymorphism of Aβ is apparently reflected in the adopted structures and
these structures are intrinsically related to its toxicity. Therefore, a better understanding of
aggregated structures of the peptide and its variants is important in the study of AD and
associated pathologies.
Due to their transitory and/or insoluble states, the traditional high-resolution methods are
quite limited in the study of these aggregated forms. Infrared spectroscopy is therefore an
exquisite tool to study these different aggregated species. Nevertheless, in attenuated total
reflection Fourier transform infrared (ATR-FTIR), we obtain a bulk analysis of a sample
therefore it is difficult to discriminate the different aggregated structures present in this
sample. To overcome this limitation, we use an innovative tool that coupled infrared
spectroscopy with atomic force microscopy (AFM-IR). This technique allows us obtaining IR
spectra with a spatial resolution of ten nanometers [3]. Based on the topography, we are able
to select the different aggregated forms and obtained their specific infrared signature without
further stabilisation or isolation methods.
In this presentation, we will show AFM-IR results on amyloid fibrils of < 10 nm of A42.
We show a correlation between AFM image of individual fibril and infrared amplitude at
1630 cm-1 typical IR absorption wavenumber of amyloid fibrils. We also study the orientation
of fibrils by linear IR dichroism and discuss spectral results obtained with the different
configurations of the AFMIR set-up. The results obtained by AFM-IR are compared to bulk
analysis using ATR-FTIR spectrophotometer. Those data can improve in the future the
detection of biomarkers characteristic of Alzheimer’s disease and its polymorphism.
[1.] Terai, K.; Iwai, A.; Kawabata, S.; Sasamata, M.; Miyata, K; Yamaguchi, T. Brain Res 2001, 900, 48-56.
[2.] Cruts, M. Theuns, J.; Van Broeckhoven C. Human Mutation 2012, 33, 1340-1344.
[3.] Dazzi, A.; Prater, C. B. Chem. Rev. 2017, 117(7), 5146-5173.
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Challenging task of biomedical chemistry today is the synthesis of new biocompatible
polymers of variable structures with an address label to obtain active targeting systems. It is
important to study the binding of such polymers and vesicles covered with such polymers to
receptor proteins, but still there is a lack of analytical methods for this purpose. We believe
that ATR-FTIR spectroscopy is a suitable method as for high-throughput screening as for
deep understanding of mechanism of interaction between targeted drug delivery systems and
proteins. The present work is devoted to the development of studying binding mannosecontaining oligomeric and polymer molecules: galactomannan, chitosan mannose (5 kDa,
mannosylation degree 35%) and chitosan mannose (90 kDa, mannosylation degree 25%) as
well as liposomes covered with ChitMan polymers with the concanavalin A receptor protein
in the composition with mannose based on Fourier transform infrared spectroscopy.
It was found that binding of mannose and mannose-modified polymers leads to a regular
decrease in the intensity of the Amide II band in the protein spectrum normalized by Amide I;
mannose saturation occurs with a four-fold basic grinding excess of the ligand, while
saturation with chitosan derivatives occurs even with a double excess of the ligand.
The linearization of sorption isotherms made it possible to calculate the values of the apparent
binding constants of the complexes. It was found that binding to chitosan derivatives is
characterized by the best Kdis values ((5,5±0,3)∙10-5 M with ChitMan5 and (1,6±0,2)∙10-5 M
with ChitMan90), which indicates the promise of further use of chitosan mannose derivatives
for the development of drug delivery systems, including alveolar macrophages of the lungs,
characterized by increased expression of mannose receptors.
To confirm the results obtained, this system was analyzed by the method of polarization of
fluorescence. ConA was labeled by FITC. We have found that ChitMan5 saturation occurred
with a twofold excess of ligand as it was revealed by ATR-FTIR. The value of the
dissociation constant of the ConA-ChitMan5 complex was (1,6±0,7)∙10-5 M. Since the
polarization method has less sensitivity and reproducibility than the Fourier transform IR
spectroscopy, the error for the value turned out to be higher than the dissociation constant.
Affinity chromatography was used to evaluate the stability of the ConA - ChitMan5 complex.
The 1550 cm-1 band was used to determine the polymer content in fractions, because the
1100 cm– 1 band is also present in the spectrum of the eluent, mannose. It was found that the
main fraction of the complex is destroyed at a concentration of mannose in the eluent of 1000
mm at a concentration of ChitMan5 on a column of 400 μm. This means that the ConA
complex with ChitMan5 is very durable, and only a four-fold excess of mannose can displace
ChitMan5.
To study interaction of mannose-modified vesicle with ConA we have obtained electrostatic
complexes of anionic liposomes DPPC\CL 80\20 with ChiMan5. This complex was incubated
with ConA under saturating conditions, then the system was centrifuged so that unbounded
protein was staying in solution and complex precipitated. We have found that the 10 times
excess of ChitMan5 is needed to precipitate 75% amount of ConA.
Acknowledgment. This work is supported by RFBR 18-33-00134
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Soils act as a major sink for atmospheric carbon (C) and, correctly managed, can help
counterbalance the excessive CO2 emissions. Organic C in soils can be physically stabilized
and ‘hidden’ from its decomposers within soil aggregates and it is thought that soil fungi play
a decisive role in “gluing together” and redistributing soil mineral particles and existing
organic matter to form them [1]. At nano- to micro-scale, a significant contribution to the
early aggregation process is adsorption of fungal exudates to the reactive surfaces of mineral
particles. To uncover the mechanisms of C stabilization processes and to be able to increase
the C sink potential of our soils, we need a deepened understanding of which fungi play key
roles in the process, what mineral properties
promote it, and what type of fungal exudates
are involved.
The aim of this study is characterization of the
nature and spatial distribution of fungal
exudates triggered by different soil minerals
and the organo-mineral interfaces formed
around the mineral particles. We hypothesize
that different minerals trigger specific fungal
exudations, which are also specific to the
fungal type.
In the pilot experiments, we have grown
saprotrophic (P. subviscida) and symbiotic
Figure 1. Top - overlay mIRage image of P.
(arbuscular mycorrhizal (AM) R. irregularis and subviscida hyphal tip recorded at 1650 cm-1
(green, protein band mainly corresponding to
ectomycorrhizal (EM) P. involutus) fungi under
νC=O vibrations) and 1050 cm-1 (red,
sterile conditions in contact with soil minerals:
polysaccharide band coresponding to νC-O
quartz (SiO4, inert) and goethite (FeO(OH),
vibrations) spectral bands; bottom – mIRage
iron-absorption to organics), on top of gold
spectrum recorded in the spot designated in the
coated substrates or Si3N4 windows (suitable for
image.
subsequent X-ray microscopy analysis) and
analyzed fungal hyphae and their direct surroundings by means of sub-micrometer optical
photothermal infrared (O-PTIR) spectroscopy (mIRage, Photothermal Spectroscopy Corp. at
SMIS beamline, SOLEIL, France). The method employs tunable quantum cascade lasers for
excitation of molecular vibrations in the fingerprint region of the IR spectrum (1800 –
800 cm-1), while visible probe laser is used to collect the spectra with down to 500 nm spatial
resolution. We show that the method is suitable for performing sub-micrometer chemical
imaging of the fungal hyphae and is sensitive enough to detect the thin layers of
polysaccharide based extracellular depositions around them (Figure 1).
[1.] M. W. I. Schmidt et al., Nature 478(7367), 49–56 (2011).
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Body fluids such as blood, semen, urine, saliva and sweat are increasingly used in studies
of various pathological changes. For example, examination of urinary and endotheliumderived extracellular vesicles by Raman spectroscopy allow to distinguish between diabetics
and healthy patients. This kind of spectroscopy method is useful for diagnoses of diabetic
complications at an early stage [1]. Spectroscopic measurements of the blood components
permit to identify the different states of the hemoglobin oxidation and thus allows
determination risk factor in the prehypertension [2,3].
During the recent several years, saliva has gained an appreciation as a very useful tool in
biomedical research. The salivary fluid contains a lot of significant markers which may help
to predict many of diseases progression, including cancers. Thus saliva seems to be a very
useful tool in reflecting the physiological state of the body. Collecting of saliva is a noninvasive technique with easy storage, simple procedures of preparation, and most
importantly, comfortable for the patients.
In this presentation we explore the saliva sample from patients with cancer disease
(salivary gland tumor) in comparison to control healthy sample from volunteers. FTIR and
Raman spectroscopy methods were applied in this study. Additionally the results obtained
from vibrational spectra were compared to data received from Real-Time PCR analysis.
The presented research indicates that salivary fluid can be used for early diagnosis of oral
tumors.
Acknowledgements: The research was partially carried out using equipment purchased in
the frame of the project co-funded by the Małopolska Regional Operational Program Measure
5.1. Krakow Metropolitan Area as an important hub of the European Research Area for 20072013, project No. MRPO.05.01.00-12-013/15.
[1] M. Roman, A. Kamińska, A. Drożdż, M. Platt, M. Kuźniewski, M. T Małecki, W. Kwiatek, C.
Paluszkiewicz, E.Ł Stępień, Nanomedicine: Nanotechnology, Biology and Medicine, 17, 137-149 (2019).
[2] M. Fornal, N. Piergies, E. Pieta, T. P. Wrobel, W. M. Kwiatek, C. Paluszkiewicz, J. Krolczyk and T.
Grodzicki, Clinical Hemorheology and Microcirculation, 69, 289-294 (2018) .
[3] T. P. Wróbel, N. Piergies, E. Pieta, W. Kwiatek, C. Paluszkiewicz, M. Fornal, T. Grodzicki,, BBA
Molecular Basis of Disease, 1864, 2659-3663, (2018).
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Application of AFM-IR technique provides IR characterization of biochemical
composition of the samples with nanoscale resolution [1]. Moreover, AFM gives information
about the topography and the structure of investigated compounds. The presentation describes
various applications of micro- and nano- spectroscopy studies of salivary gland tumor tissues.
This type of tumor is known as non-malignant, however it often transforms to pathogenic
forms and develops to the malignant cancer.
The general aim of this investigation was better understanding of structural changes in
pathological tissues using the above mentioned techniques. Due to the fact that the ethology
of this tumor remains unclear, the recognition of the biochemical changes occurring upon the
disease progression seems to be crucial.
The results obtained with the use of AFM - IR technique corresponds to the spectra
recorded by the conventional FTIR. The structural variations occurring due to the cancer
development in cellular biomarkers, such as RNA, DNA, proteins, lipids, phosphates and
carbohydrates, were successfully detected in the collected spectra [2]. The most significant
differences between the salivary gland tumor and marginal tissues are observed for the lipids
spectral regions that indicates lipids structural changes as a results of pathological state
development. Additionally, the AFM topographies manifest important structural degradation
of tissue in cancer samples in comparison to the corresponding marginal tissues.
Acknowledgements: The research leading to this result has been supported by the project
CALIPSOplus under the Grant Agreement730872 from the EU Framework Programme for
Research and Innovation HORIZON 2020. The research was partially carried out using
equipment purchased in the frame of the project co-funded by the Małopolska Regional
Operational Program Measure 5.1. Krakow Metropolitan Area as an important hub of the
European Research Area for 2007-2013, project No. MRPO.05.01.00-12-013/15.
[1] C. Paluszkiewicz, N. Piergies, P. Chaniecki, M. Rękas, J. Miszczyk and W. M. Kwiatek, Journal of
Pharmaceutical and Biomedical Analysis (JPBA,) 139, 125-132 (2017).
[2] G. Tosi, P. Balercia, C. Conti, P. Ferraris, E. Giorgini, L.L. Muzio, S. Sabattini, D. Sramazzotti,
C. Rubini, Vibrational Spectroscopy 57, 140-147 (2011).
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The need for a rapid and reliable method to identify the metabolic activity state of single
bacterial cells in their natural habitat is of great concern in clinical diagnosis, pharmaceutical
manufacturing and environmental microbiology, since microbial communities are essential to
the function of most ecosystems including eukaryotes. However, linking identity, metabolic
activity state and function within microbial communities still remains a major challenge due
to the large diversity of bacteria and the complexity of interaction between community
members [1].
Although Raman microspectroscopy has a high specificity to provide intrinsic fingerprint
information about the molecular composition of bacterial cells [2], stable isotope labeling
with deuterium has been proven to improve the spectral sensitivity and specificity, due to the
emergence of a C-D stretching vibration band in the Raman silent region, when hydrogen is
exchanged by deuterium [3]. By adding a deuterated substrate such as heavy water (D2O) to
cell culture medium, deuterium uptake can be traced [4]. Since hydrogen is one of the
essential element of biomolecules, the concentration of deuterium uptake can serve as robust
indicator for substrate assimilation in bacteria; hence, this indicator can be used to
characterize and identify microorganisms responsible for the metabolism of specific
substrates [3, 4].
Here we present a powerful approach to differentiate between metabolically active and nonactive single cells, by combining Raman microspectroscopy with deuterium labeling. Further,
we underline the influence of carbon source on the metabolic activity of heterotrophic
bacterial cells and promote a better understanding of the functions in situ of heterotrophic
bacteria.
Acknowledgments: Financial support from the Deutsche Forschungsgemeinschaft (DFG) via
the CRC 1076 AquaDiva is gratefully acknowledged.
References
[1] Y. Wang, W.E. Huang, L. Cui, M. Wagner, Curr. Opin. Biotechnol. 41, 34-42 (2016).
[2] S. Stöckel, J. Kirchhoff, U. Neugebauer, P. Rösch, J. Popp, J. Raman Spectrosc. 47, 89-109 (2016).
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Environ. Microbiol. 20, 369-384 (2018).
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Synthetic derivatives of 1,4-dihydropyridine (1,4-DHPs) possess various pharmacological
properties including antimutagenic and radioprotective. 1,4-DHPs enhance the repair of DNA
and thus are capable to protect DNA. It was shown that the DNA-binding capacity depends on
the metal ion forming the AV-153 salt [1]. However, metal ions also may modify the
biological activity of organic compounds. The aim of this study was to evaluate the effects of
different AV-153 salts on DNA.
FTIR spectra of Li, K, Rb, Ca and Mg salts of AV-153, DNA and their mixtures (in a ratio
1:5) were recorded on a VERTEX 70 coupled with the HTS-XT extension (BRUKER,
Germany) over the range of 4000-600 cm-1 with a resolution of 4 cm-1, 64 scans co-added.
Evaluation of the spectral band intensities and shape, of AV-153 salts showed major
variations of the bands at ~ 1675 cm-1, assigned to the bonds of C=O and/or C=C and ~ 1234
cm-1, assigned to the bonds of N-H and/or C-N, that indicate the differences of the metal
binding sites with the AV-153. In FTIR spectrum of sonicated ct-DNA the specific absorption
bands of DNA-bases: guanine (G) at 1697 cm-1, thymine (T) at1655 cm-1, adenine (A) at 1608
cm-1, and cytosine (C) at 1488 cm-1; and PO2- groups at 1241 cm-1 (sym stretch) and 1093 cm1
(asym stretch) [2] were detected. Cross-comparison of DNA and DNA – AV-153 salt
spectra were used to find a matchup of a band intensity and/or wavenumber shift and
structural and/or conformational changes in DNA. The 2nd derivative spectra were evaluated
to set off the binding of salts with DNA-bases: A, T, C, G.
Structural and conformational changes of bands assigned to A, T, C, G, and PO2- showed the
binding of AV-153 salts with DNA. Significant changes of the PO2- absorption bands at 1093
and 1064 cm-1 probably indicate either conformational changes of the DNA molecule form B
to A or Z form, or partial denaturation of the molecule [3]. The specific IR-bands of G and C
were more affected by the AV-153 salt than those of T and A. Consequently, G and C possess
a higher potential to attach or bind the AV-153 salts.
References
[1] E. Leonova, K. Ošiņa, G. Duburs, E. Bisenieks, D. Germini, Y. Vassetzky, N. Sjakste, Mutat Res Gen
Tox En, July, (2019) in press.
[2] C.R. Middaugh, R.K. Evans, D.L. Montgomery, D.R. Casimiro, J Pharm Sci, 87, 130-146 (1997).
[3] B.R. Wood, Che Soc Rev. 45, 1980-98 (2016).
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Laboratory animals such as rodents are commonly
used for medical experiments. Computed
tomography (CT) and magnetic resonance imaging
(MRI) are commonly used for monitoring disease
progression in animals. These techniques,
however, offer little or no biomolecular
information about the tissue. For this reason, there
is a need to develop novel label-free and nondestructive bioimaging techniques to monitor
disease progression. We have developed a new
Raman-computed tomography (R-CT) imaging
approach based on forward scattering of Raman
photons. We first demonstrate the new approach
by imaging a phantom of stearic acid and
polystyrene. Band entropy minimization was used
to extract pure components associated with
stearic acid and polystyrene. Further, CT
algorithms including variations of backprojection algorithms were used to reconstruct the
phantom in 3D (see figure 1). We finally
demonstrate the application of R-CT for 3D
imaging of a rat tissue showing strong signals
associated with bone and soft tissue. This work
shows that R-CT based on forward scattered
photons can be used as novel label-free 3D
imaging modality at the biomolecular level.

Figure 1: a) 3D schematic of tissue phantom sample
with polystyrene (green) embedded in stearic acid
(red), b) multiplexed raw data acquired by the
Raman-CT scanner. c) comparison between
reconstruction of material spectra (green –
polystyrene; red – stearic acid) using entropy
minimization, and the respective pure reference
samples. Dashed line is the residual between
measured and reconstructed material spectra, d)
Polar plot, displaying angular dependence of
collected signal intensities, e) 3D volumetric
reconstruction of the tissue phantom using the
developed R-CT scanner.
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A biofilm is a common life form where bacterial cells crowd together surrounded by an
extracellular matrix (ECM) [1]. Understanding the properties of microbes that organize
themselves in biofilms is gaining more and more relevance for medical, industrial and
ecological purposes. Pseudomonas aeruginosa, Staphylococcus aureus, Staphylococcus
epidermidis, Enterococcus faecalis and Enterococcus faecium are five common bacteria
forming biofilms in human body which cause serve diseases. For example, Pseudomonas
aeruginosa can cause serious infections which often occur during existing disease – most
notably cystic fibrosis and traumatic burns.
Raman spectroscopy has been proven to be useful in investigating bacteria. For example,
Raman spectroscopy can differentiate between planktonic bacteria and sessile cells in biofilms
[2]. We present a fiber probe based Raman spectroscopic analysis to evaluate those five
microbial biofilm compositions. For this project, a Raman sum parameter is defined for a fast
and reliable differentiation between biofilm building bacteria as well as to differentiate
between matrix associated properties.
Acknowledgement
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Monitoring E. coli’s occurrence and abundance is of wide interest. For instance, the presence
of E. coli is used as an indicator of feces and water quality. Whereas, a high abundance of E.
coli is used as a predictor of bad water quality. However, some studies point out that E. coli
can be present or sustain in the environment even without the presence of feces.[1]
While E. coli is often a harmless even partly beneficial commensal, some strain are
pathogenic [1]. There is a wide variety of different pathogenic E. coli types like EPEC,
EHEC, ETEC, EIEC, EAEC, DAEC, UPEC, and NMEC [2]. In 2011, contaminated sprouts
caused a widely noticed E. coli O104:H4 outbreak in Germany [3]. With the large diversity
between pathogenic and non-pathogenic E. coli a risk assessment only by the presence of E.
coli can be misleading. Consequently, pathogenicity of E. coli would be a valuable additional
information to the presence of E. coli, and fast screening of E. coli pathogenicity could be a
helpful asset for water quality control, food safety or feces examination. Raman
microspectroscopy has already proven to be a promising tool for fast bacteria identification
[4]. The fast screening for pathogenicity on the strain level, however is a deviating problem
from strain identification. Thus, we are interested to investigate, whether Raman
microspectroscopy would be a potential future tool for fast screening of E. coli pathogenicity.
Acknowledgement: Funding of research project InterSept (13N13852) from the Federal
Ministry of Education and Research (BMBF), Germany, is gratefully acknowledged.
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Multimodal two-photon biospectroscopy using composite plasmonic-BaTiO3
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Two-photon microspectroscopy is of great importance for the visualization and monitoring of
biological structures. The excitation in the near-infrared that is commonly used for
multiphoton imaging offers several advantages, including deep tissue penetration capability,
reduced photodamage due to the lower photon energy, and spatially more confined probed
volume, which results in an improved lateral resolution. The underlying non-linear optical
effects, such as two-photon fluorescence, second harmonic generation (SHG) or hyper Raman
scattering (HRS), can be further enhanced when they take place in the local fields of
plasmonic nanostructures. SHG is a parametric two-photon process, where a noncentrosymmetric macromolecule or nanostructure yields an effective combination of two
photons into a single photon of twice the frequency of the incident beam. HRS is the
spontaneous two-photon excited Raman process, which is governed by different selection
rules than the (conventional) one-photon Raman scattering (RS), and can reveal IR active
vibrational modes. Nanoparticles are often used as probes to obtain such non-parametric [1]
or parametric [2] optical signals from a biological sample. The utilization of nanoprobes
allows for integrating different properties for optical probing in their structures, and thus to
develop multimodal detection that provides sensitive chemical characterization by joining the
strengths of different spectroscopic methods. [3]
Here, we show combined two-photon excited microspectroscopic characterization by means
of SHG and surface enhanced hyper-Raman scattering (SEHRS). We synthesize composite
nanoparticles with a barium titanate core and a plasmonic moiety at their surface. We find that
the core provides a high second order non-linear susceptibility for sensitive SHG imaging in
living cells. As second function in the two-photon regime, the plasmonic part yields high local
fields for resonant and non-resonant SEHRS. Furthermore, SEHRS complements the onephoton surface enhanced Raman scattering (SERS) spectra that are also enhanced by the
plasmonic shells. Thereby, the plasmonic-BaTiO3 nanoparticles are very promising materials
for multiphoton probing of morphological structure and chemical properties of biosystems.
Financial Support by ERC Starting Grant no.259432 (MULTIBIOPHOT) to J.K. and by DFG
(GSC 1013 SALSA) to V.Ž. is gratefully acknowledged. F.M. acknowledges funding by a
Chemiefonds Fellowship (FCI).
[1.] Z. Heiner, M. Gühlke, V. Živanović, F. Madzharova, J. Kneipp, Nanoscale, 9, 8024-8032 (2017)
[2.] P. Pantazis, J. Maloney, D. Wu, S. E. Fraser, PNAS, 107, 14535-14540 (2010)
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The use of SERS nanoprobes for the study of biological systems has a wide range of potential
applications, such as cancer treatment, drug delivery, or early disease diagnosis [1, 2].
Metallic nanostructures of different sizes and morphologies have been used in SERS
spectroscopy, and their use for label-free detection and characterization of biomolecules in
the intracellular environment gives relevant information on nanostructure-biomolecule
interactions that may affect further applications. To better understand the cellular response to
the uptake of these nanostructures, it is important to combine several techniques.
In this work, we present the application of gold nanostars and different kinds of nanospheres
for SERS in animal cells. These nanostructures were synthesized with biocompatible
reducing and capping agents, and biomolecule detection was evaluated in different
mammalian cell lines. The signals observed after cellular uptake of both nanostars and
nanospheres
indicate a close interaction mainly with protein components in the
endolysosomal system. The processing of the intracellular aggregates that are formed, their
properties and their interaction with the biological matrix was also characterized by
synchrotron soft X-ray tomography [3]. The results revealed variation in localization, size
morphology and density of the intracellular gold nanoaggregates. Combining SERS and SXT
will improve the design of safe and efficient nanoprobes as tools for biomedical use.

[1] J. Kneipp, ACS Nano, vol. 11, 2017, pp. 1136-1141.
[2] V. Zivanovic, G. Semini, M. Laue, D. Drescher, T. Aebischer, J. Kneipp, Anal Chem, vol. 90, 2018,
pp. 8154-8161.
[3] D. Drescher, T. Büchner, P. Guttmann, S. Werner, G. Schneider, J. Kneipp, Nanoscale Advances, 2019.
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The obligate intracellular pathogen Chlamydia abortus targets placental trophoblasts of small
ruminants leading to abortion and stillbirth. Up to date there is just limited knowledge
available concerning dynamics and underlying mechanisms of infection. Especially the initial
phase of infection is still difficult to investigate caused by a biphasic lifecycle and the small
size of a certain bacterial form called elementary body (EB) [1].
In this study, Buffalo Green Monkey (BGM) cells were infected with Ch. abortus and
analyzed 18, 36, 48 and 56 hours post infection by Raman micro spectroscopy. Prior
measurements, fluorescence staining (Anti-Chlamydia trachomatis+psittaci Antibody, LSC128098 from LSBio) was done to localize Ch. abortus inside infected BGM cells. False
color images of infected cells, generated by Raman spectroscopy in connection with
multivariate data analysis, stay in high agreement with fluorescence microscopy (Fig. 1a).
Acquired Raman spectra of the pathogen and extracted spectral information can even be used
to differentiate two bacterial forms, reticulate body (RB) and smaller elementary body (EB,
Fig. 1b). To support the classification of EB and RB transmission electron microscopy (TEM)
images were recorded at the same time points post infection.
With Raman micro spectroscopy as a label free and non-invasive method it is possible to
analyze bacteria in their native state and determine specific chemical characteristics without
sample destruction [2, 3]. Therefore, results of this study indicate high potential to follow the
infection process in real time without prior fixation of cells.

a

Figure 1. a)
False color
map (left) and
fluorescence
image (right).
b) Chlamydial
spectra from
infected BGM
cell.

b
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Infrared (IR) spectroscopy is increasingly utilized in biomedical research in order to
understand the molecular mechanism of various diseases. Infrared spectral parameters have
been successfully used in screening and diagnosis when complemented with different
multivariate analysis methods. In this respect, body fluids are ideal candidates in disease
diagnosis and their spectroscopic analysis is a rather feasible and straightforward method. In
this presentation, some examples are given for the application of IR spectroscopy in diagnosis
of neurodegenerative and cancer diseases such as multiple sclerosis (MS) from cerebrospinal
fluid (CSF) and malignant pleural mesothelioma (MPM) from pleural fluids and serum [1,2].
In MS study, it was aimed to develop a method for differential diagnosis of RelapsingRemitting MS (RRMS) and clinically isolated syndrome (CIS) patients and also to identify
CIS patients who will progress to RRMS [1]. Spectral analyses demonstrated significant
differences in the molecular contents, especially in the lipids and Z conformation of DNA of
CSF from CIS, transformed CIS to RRMS (TCIS) and RRMS groups. Based on these spectral
variations, the RRMS group can be successfully differentiated from the control (individuals
with no neurological disease) and CIS groups via multivariate analysis. Some CIS samples
were clustered in RRMS class indicating that these CIS patients might be transformed to
RRMS over time. The results of this study proposed the potential of IR spectroscopy coupled
with multivariate analysis tools for early diagnosis of RRMS.
In MPM study, it was aimed to differentiate MPM from lung cancer (LC) and benign pleural
effusions (BPE) from pleural fluids [2], as well as healthy individuals from serum. For both
body fluids, spectral analyses indicated significant differences in lipid, protein, nucleic acid,
glycogen content, lipid order and fluidity especially for MPM group. Based on the spectral
differences, successful differentiation of MPM from LC with 100% sensitivity and 100%
specificity and from BPE, with 100% sensitivity and 88% specificity for pleural fluid were
obtained by hierarchical cluster analysis (HCA). Using this method, for serum samples,
successful differentiation of diseased groups from the control was observed with 88%
sensitivity and 83% specificity whilst MPM was differentiated from LC, with 80% sensitivity
and 61% specificity. Principal component analysis (PCA) loading plots indicated that the
discrimination of the studied groups was mainly originated from lipids and nucleic acidsrelated spectral bands. Moreover, the classification success of the test pleural fluid samples
was checked by soft independent modeling of class analogies (SIMCA) and 96.2% overall
classification success was obtained. This approach provides a rapid and low-cost
methodology for the differentiation of MPM from other pleural effusions.
We would like to thank Dr. Yasar Zorlu and Dr. Salih Emri for providing the samples.
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Having several quickly spreading heavy metal resistance mechanisms, bacteria are used in
bioremediation studies. Furthermore, because they lead to an increase in the production of
metal complexing biopolymers, heavy metal acclimated bacteria are the more preferred
choice in these studies [1]. The process of heavy metal acclimation occurs through several
changes in structure, composition, and amounts of molecules in bacteria [2]. These changes in
the molecular profile of bacteria are affected by nature of acclimation (acute or gradual
exposure to the heavy metal) which may lead to the formation of bacterial strains with
different resistance level or profile [3]. In order to use in bioremediation studies, it is
important to discriminate bacterial strains with different molecular profile and choose more
resistant bacterial strains. In a previous study of our group, we have investigated differences
between molecular profiles of the bacteria that are acclimated to heavy metals (Cd or Pb)
under acute or gradual exposure by detailed characterization studies using ATR-FTIR
spectroscopy [4]. In the current study, chemometrics coupled with IR spectra were used to
discriminate these bacterial strains (Brevundimonas sp., Gordonia sp. and Microbactrium
oxydans). We acclimated bacterial strains to heavy metals (Cd or Pb) by using two different
acclimation procedures (acute, gradual). As a result of PCA and HCA analysis, we observed
clear discriminations between the acclimation (acute, gradual) and control groups in the whole
spectral region, protein region, and carbohydrate region for all studied bacterial strains.
Furthermore, we applied SIMCA analysis to classify the acclimated and control groups more
accurately. As a result of SIMCA analysis, all studied groups were clearly differentiated from
each other with confidence between 95 to 99.9%. Briefly, in this study, for the first time, we
discriminated the heavy metal acclimated and control group bacteria by using chemometric
analysis of FTIR spectra in a powerfull, cost-effective and easy way.
This study was funded by TUBİTAK-CAYDAG-Project No: 113Y515
[1] A. Kumar, B. S. Bisht, V. D. Joshi, Inter. J. Env. Sci. 2(2), 896-908 (2011).
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[3] D. A. Rouch, B. T. D. Lee, A. P. Morby, J. Ind. Microbiol. 14, 132-141 (1995)
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A plant’s cell wall matrix composition and structure govern crucial functions such as seed
propagation, mechanical support and stress resistance. Understanding the structure and
function relation of plant tissues requires to elucidate the interaction of organic and inorganic
materials and the combination of analytical tools that cover information ranging from the
micro-morphology to the molecular composition.
FTIR absorption has been successfully used to study cell wall constituents such as
hemicellulose, pectin, proteins, aromatic phenols, and cellulose. The spatial resolution
achieved in IR spectroscopy enables to probe individual plant cells. The use of multivariate
techniques including hierarchical cluster analysis (HCA) and principal component analysis
(PCA) on the IR data sets allows histological characterization of the tissues. Differentiation of
the histological substructures in plant sections is a prerequisite for identifying small biological
differences induced, e.g., by altered physiological situations, and to generate structurefunction relations.
As example we present two cases: The seed dispersal unit of Avena sterilis was found to use a
humidity-driven dispersal mechanism governed by the chemical structure and composition of
the plant’s cell wall. The reversible twisting and bending of the awns upon anisotropic
swelling and drying enable the movement over the ground and culminate in piercing of the
topsoil. Since the awns consist of dead tissue only, the movement is exclusively governed by
the composition and arrangement of the plant’s cell wall. Aromatic constituents including
lignin and poly-hydroxyl phenolics such as tannins may support the seed dispersal by
influencing the tissue-water interaction. [1]
In sorghum leaves, silica is deposited providing mechanisms for stress relief. [2] Scanning
electron microscopy provides complementary inorganic chemical composition and
distribution of silica and allows observation of the morphology in detail. The silica
distribution can be combined with the chemical information provided by FTIR microscopy to
assess the effect of the silica at a cellular level.
We conclude that the combination of all different analytical tools can help to understand the
influence of specific growth conditions of complex plant tissues and the plant’s sophisticated
strategies that govern survival mechanisms.
Financial support for fellowships to V.R.Z. and T.L. from DFG GSC 1013 SALSA is
gratefully acknowledged.
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We investigated the ability to do deep subsurface Raman spectroscopy in turbid media using a
simple fiber-optic volume probe. Spatially offset Raman spectroscopy (SORS) has shown
great potential for obtaining subsurface Raman signals in biological samples[1] as well as
used to determine the pharmaceutical content in containers such as plastic bottles.[2] The
applicability of the method for in vivo studies depends on the system complexity and small
size probes are often desirable.[3] Most real-time studies on human patients utilizing Raman
spectroscopy have been performed with easy-to-handle miniaturized probes. Here we show
both experimentally and theoretically that the sampling depth from a simple volume probe can
be controlled by changing the probe to sample distance effectively suppressing Raman and
fluorescence contributions from shallow sample layers while favouring the collection of
signals from deeper layers. Relative spectral intensities as function of probe to sample
distance were investigated for layered phantoms of PMMA and trans-stilbene and compared
with predictions from a theoretical model of the sampling volume. The volume probe was
then utilized to obtain spectra of bone through overlying soft tissue on an ex vivo pig maxilla.
Using multivariate statistical methods, we show that the spectral variation induced by
changing the probe to sample distance can be used to reconstruct pure spectral factors of
bone.[4] Similarly, we estimated spectral factors of the powdery content in a closed white
plastic container. Although SORS can provide superior suppression of surface signals the
results show that Raman fiber-optic volume probes can be a simple alternative for subsurface
Raman spectroscopy in turbid media.
[1.]
[2.]
[3.]
[4.]
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Maintaning proper adipose tissue mass is crucial for metabolic health [1]. Inadequate or
excess adipose tissue poses risk factor for several chronic diseases such as obesity,
dyslipidemia, insulin resistance and diabetes type 2 [2]. In the present study, we aimed to
understand differences in the structure and composition of biomolecules of gonadal and
inguinal adipose tissues in BXD 68 and BXD 86 mice, which show differences in their
adipose tissue storage capacity. The adipose tissues samples were obtained from 20 weeks old
female mice, which were kept on high fat diet during 20 weeks. Fourier transform infrared
spectroscopy with attenuated total reflectance (FTIR-ATR) mode coupled with chemometric
analysis were performed. Infrared spectra of samples collected and hierarchical cluster
analysis (HCA) and principal component analysis (PCA) were applied. Our results revealed
the differences in biomolecular content and structure between the BXD mice lines under
investigation. In combination of chemometric tools with FTIR spectroscopy succesful
discrimination between the BXD substrains was obtained based on the spectral differences,
The result of this study may contribute to early diagnosis of inappropriate lipid accumulation
and dysfunction and provide a more comprehensive view of adipose tissue mass effect to
individual health.

[1] G. H. Goossens, Obes Facts. 10(3): 207–215 (2017).
[2] M. Konige, H Wang, C. Sztalryd, Biochim Biophys Acta. 1842(3): 393–401 (2014).
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Antibiotic resistance of bacterial pathogens is a major issue in the modern world especially in
the case of nosocomial infections. The resistance rate against last line antibiotics as
carbapenems is annually increasing and limiting the therapeutical options. Conventional
microbiology methods require 2-3 days for resistance determination and physicians are often
forced to provide empirical therapy that is not always appropriate and promotes further
increase of antibiotic resistance. Thus, a great effort is made to develop novel laboratory
techniques that allow the detection of resistant pathogens in limited time, with high sensitivity
and low costs. Raman spectroscopy has these potentials since it is fast, label-free and can
provide numerous information of the pathogen’s chemical composition. UV-Resonance
Raman spectroscopy of bacteria allows obtaining genotypic information as the DNA/RNA
content and the GC content [1] and information on aromatic amino acids content within the
bacterial cells. It has been previously shown that identification of the pathogen species as well
as presence of resistance genes can be performed using this method [2, 3]. In the present work
we will introduce the determination of bacterial resistance of inactivated Escherichia coli
strains. As a next step 5 E.coli strains of the following groups were measured: a) Patients
isolates carrying Extended-spectrum β-lactamase genes, b) Patients isolates carrying
carbapenemase resistance genes, c) DSMZ pathogenic strains sensitive to all antibiotic groups
and d) DSMZ non-pathogenic strains sensitive to all antibiotic groups. Spectral data analysis
was performed using chemometrics and machine learning methods to investigate whether it is
possible to differentiate the bacteria with the resistant genes from the sensitive strains.
Financial support of the projects of H2020-MSCA-Cofund ”Multiply” (687320) by the
European Union as well as CarbaTech (FKZ 01EI1701) and the research campus
InfectoGnostics (FKZ 13GW0096F) by the BMBFare gratefully acknowledged
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Visualizing an intracellular infection of Buffalo Green Monkey cells by
Coxiella burnetii with Raman micro-spectroscopy
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Coxiella burnetii is the causative agent of the zoonotic disease Q fever. Infections of ruminant
livestock are frequent and can cause human infections as well, even at a larger scale as seen
2005 in a district of Jena [1]. The obligate intracellular pathogen is able to survive either in a
phagolysosome-like vacuole within a host cell or outside under harsh environmental
conditions. C. burnetii’s developmental cycle is biphasic with two distinct bacterial
morphoforms. The large cell variant (LCV) resides exclusively within the host cell where it
proliferates due to an active metabolism. The spore-like small cell variant (SCV) is more
resistant to environmental stress and therefore able to survive outside of the host cell. It is also
the major infectious form responsible for isolated or widespread outbreaks [2].
Up to date only labor-intense, expensive and sample-modifying methods like fluorescence
and electron microscopy are available for adequate visualization and for studying the process
of infection and intracellular replication of the pathogen C. burnetii. As an alternative, labelfree and non-invasive Raman micro-spectroscopy in combination with multivariate data
analysis offers a high potential to study characteristic molecular changes during the
intracellular developmental cycle, possibly revealing the transition from LCV to SCV and
vice versa. Here, we present first results of the Raman spectroscopic characterization of C.
burnetii in a cell-culture model at different time points post infection.
Acknowledgement: Financial support by the Leibniz Society via the Leibniz Science Campus
InfectoOptics (SAS-2015-HKI-LWC) and the BMBF via the CSCC (FKZ 01EO1502) is
highly acknowledged.
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Identification of grass pollen species using FTIR microspectroscopy on
embedded pollen grains
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Siri Fjellheim2, Achim Kohler2 and Janina Kneipp1
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Pollen grains from wind-pollinated plants, such as grasses, can cause allergy symptoms.
Identification is mainly based on light microscopy enabled by the species-specific
morphology of the pollen grains, and over the last decade has also been achieved by Raman1
and FTIR-spectroscopy2, and MALDI3 mass spectrometry. Although FTIR spectroscopy
enables a detailed analysis of the chemical composition of pollen4, scattering effects occur for the
mid-IR wavelengths that are particularly strong due to the micron-scale size of typical grass
pollen grains.
Recently, a novel strategy for FTIR spectroscopy of single pollen grains was presented5.
Pollen grains were embedded in paraffin, which leads to suppression of scattering
effects5.Thereby, a successful discrimination of different families within the plant order
Coniferales was obtained5.
In our study, we utilize the technique of paraffin embedding and measure FTIR microspectra
from individual grass pollen grains to distinguish pollen from different species. Different
grass pollen species cannot be discriminated by species-specific morphology in the
microscope, which makes their identification by conventional methods even more
challenging. The technical reproducibility of FTIR measurements for embedded and nonembedded pollen grains was evaluated. Furthermore, chemometric approaches were applied
to enable identification and characterization according to the specific grass species. A
successful analysis of the grass pollen will give new insight into their chemical composition
for plant-related phenotyping, which is crucial in fields like agriculture, plant science or
climate research.
[1] Schulte, F.; Lingott, J.; Panne, U.; Kneipp, J. Anal. Chem. 2008, 80, 9551-9556.
[2] Zimmermann, B. Appl. Spectrosc. 2010, 64, 1364-1373.
[3] Diehn, S.; Zimmermann, B.; Bağcıoğlu, M.; Seifert, S.; Kohler, A.; Ohlson, M.; Fjellheim, S.; Weidner, S.;
Kneipp, J. Scientific Reports 2018, 8, 16591.
[4] Zimmermann, B.; Bağcıoğlu, M.; Tafinstseva, V.; Kohler, A.; Ohlson, M.; Fjellheim, S. Ecology and
Evolution 2017, 7, 10839-10849.
[5] Zimmermann, B.; Tafintseva, V.; Bagcioglu, M.; Berdahl, M. H.; Kohler, A. Anal. Chem. 2016, 88, 803-811.
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FTIR spectroscopy as a tool for basic yeast physiology assessment
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Budding yeast Saccharomyces cerevisiae is a microorganism that has adapted to naturally
occurring starvation periods. During prolonged yeast cultivation in natural or industrial
settings, any of the nutrients can become limiting. In this case cell reorganizes its metabolism
and accumulates the reserve nutrients in form of carbohydrates (trehalose, glycogen) and also
lipids (triacylglycerols).
Yeast that is used in research laboratories often carries genetic mutations that does not allow
to synthesize certain amino acids or nucleotides. Mutations in purine metabolism are among
the typical ones. Using such strains for studies of the yeast physiology it is crucial to
understand the impact of each of mutations on the cell's phenotype. For example, to compare
if the lack of nutrient that is not produced due to the metabolic mutation, elicit phenotype, that
can resemble a lack of basic nutrients - carbon, nitrogen, sulphur, etc. FTIR spectroscopy of
yeast biomass can be used to assess the accumulation of reserve substances and main
biopolymers. Moreover, FTIR analysis might help to elucidate the pleiotropic effects that are
observed if several mutations occur in the same organism.
In this study yeast Saccharomyces cerevisiae was starved for purines, nitrogen or pyrimidines.
FTIR spectra were acquired by VERTEX 70 coupled with a HTS-XT microplate reader
(Bruker, Germany) over the range of 4000-600 cm-1 with a resolution of 4 cm-1 and 64 scans
co-added. Quantitative analysis of the main biopolymers in biomass was carried out as in [1].
The results of FTIR analyses revealed increased amounts of lipids and carbohydrates in
starved yeast cells. Later biochemical analyses coincide with the results obtained by means of
FTIR spectroscopy, thus providing us with quick and precise assessment of the overall yeast
physiological state.
References:
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Sub-shot noise coherent Raman Spectroscopy for bio-optical applications
H. Kerdoncuff, J. C. Petersen and M. Lassen
Danish Fundamental Metrology, Kogle Alle 5, DK-2970 Hørsholm, Denmark
Raman spectroscopy is a compelling technique for the study of biological samples as it
requires virtually no sample preparation, is nondestructive and provides rich chemical
information that enables specific identification of e.g. proteins, lipids, cells and bacteria.
Raman spectroscopy and imaging has already found applications in medical and
pharmaceutical sciences from initial research and development to patient diagnostic and
monitoring [1-3].
However, the development of Raman-based techniques and instruments for biological and
biomedical sciences still faces several challenges. Indeed, Raman scattering is a weak process
that is often dominated by fluorescence from biological samples. This limits greatly the range
and sensitivity of Raman spectrometers and microscopes. In addition, absorption of light in
the samples prevents the use of high optical powers, thus to increase the Raman scattering.
There have been recent efforts at overcoming these challenging by the development of socalled coherent Raman scattering techniques. The techniques known as stimulated Raman
scattering (SRS) and coherent anti-Stokes Raman scattering (CARS) enhance the Raman
signal by several orders of magnitude and enable detection at wavelengths free from
fluorescence. Recent investigations into the use of continuous-wave (cw) lasers have also
demonstrated the generation of coherent Raman scattering at low optical powers that are safer
for biological samples compared to picosecond pulse-based schemes. Moreover, the
versatility of the coherent Raman techniques allows the selection of radiation wavelengths in
the near infrared that both preserve the sample and reduce fluorescence.
We present a proof-of-concept experiment giving high sensitivity and high resolution using
cw SRS with sub-shot noise performances. We apply intensity squeezing of light in order to
allow the use low optical powers without losing in sensitivity. We also demonstrate quantumenhanced cw SRS imaging on polymer materials, thus paving the way towards better Raman
imaging of biological samples [4].
We acknowledge the financial support from the Danish Agency for Institutions and
Educational Grants.
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New Statistical Algorithms and Scanning Methods for the Early Diagnosis of
Cancer
Conor Whitley
The University of Liverpool
In 2015, 90.5 million people worldwide were living with some form of cancer. With around
8.8 million deaths a year, accounting for 15.7% of deaths worldwide attributed to cancer. In
order to improve the prognoses of patients with cancer, the diagnosis must take place at an
earlier stage so that effective treatment may be sought - and the progression of the disease
limited. The need for an inexpensive, rapid, and accurate diagnosis method is one of the
“holy grails” of cancer detection. With recent developments in machine learning and data
analysis, and increasingly sensitive scanning methods allowing the extraction of pertinent
information; the need for an automated analysis system will be needed to meet with the everincreasing flow of data.
References:
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A combined study on the damage by soft X-rays on ultralene, paraffin and on
paraffin-embedded fixed tissues using FTIR spectroscopy and X ray
fluorescence.
Diana E Bedolla 1,2, Giovanni Birarda1, Andrea Mantuano3,4, Arissa Pickler5,
Carla Lemos Mota4,5, Delson Braz5, Camila Salata6, Carlos Eduardo
Almeida4,Regina C. Barroso3, Lisa Vaccari1, Alessandra Gianoncelli1,
1
2

3

Elettra - Sincrotrone Trieste, SS.14 Km 163.5, 34149 Basovizza, Trieste, Italy

Centre for Biospectroscopy, School of Chemistry, Monash University, 3800 Victoria,
Australia diana.bedolla@monash.edu

Physics Institute, State University of Rio de Janeiro (UERJ), Rua São Francisco Xavier 524
PJLF sala 3007F, Rio de Janeiro, RJ, 20550-900, Brazil
4

5

Radiological Sciences Laboratory, State University of Rio de Janeiro (UERJ), Rua São
Francisco Xavier 524 PHLC sala 136, Rio de Janeiro, RJ, 20550-900, Brazil

COPPE, Federal University of Rio de Janeiro, Av. Horácio Macedo, 2030, Bloco G - Sala
206 - CT, Rio de Janeiro, RJ, 21941-594, Brazil
6
Medical Physics Department, Comissão Nacional de Energia Nuclear, Rua General
Severiano 90, Rio de Janeiro, RJ, 22290-901, Brazil

Soft X-ray microscopy is becoming a powerful technique for investigating biological samples
at sub-cellular level, with greater resolution than light microscopy and higher penetration
depth and chemical sensitivity than electron microscopy [1]. However, some of the
drawbacks of working with it are the necessity of working in vacuum environment and the
damage caused to the sample due to the increased absorption by the biological matrix and
increased ionizing power intrinsic of soft X-rays [2,3]. This power induces the breaking of
the molecular bonds that can be studied with infrared spectroscopy. In order to work under a
vaccum environment, samples need to be fixed and deposited in particular substrates
compatible with X-rays. In this study, different substrates, paraffin as the embedding material
and fixed tissues with different protocols embedded in paraffin exposed to different X-ray
doses were studied using FTIR spectroscopy and X-ray fluorescence[4].
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