Department of Microphotonics

THEMATIC RESEARCH FOCUS

Research area

- Optics

- Laser spectroscopy
- Biophotonics

- Nanophotonics

- Lab-on-a-chip

Excellence

- Applications of focused laser beams (optical tweezers, optical cell sorters)

— Raman micro-spectroscopy combined with optical manipulations (Raman tweez-
ers) for detection and identification of bacteria using techniques of Al

- Analysis of the relationship between a bacteriophage and its host bacterium

- Manufacturing of tailored microfluidic chips

Mission

Our main goal is to design and develop analytical techniques based on microfluid-
ics and Raman spectroscopy to solve emerging tasks targeted on basic and applied
biological research ranging from microorganisms to enzymes.

UP-TO-DATE ACTIVITIES

Research orientation

- Optical trapping

- Characterization of living microorganisms (e.g. bacteria, yeast and algae cells) us-
ing Raman microspectroscopy, Raman tweezers and microfluidic chips

— Optical monitoring of chemical reactions running in emulsion droplets and lab-
on-a-chip

Main capabilities

Basic research

- Determination of selected chemical content in living microorganisms using Ra-
man microspectroscopy combined with optical micromanipulation and microflu-
idic techniques

Applied research

- Design and manufacturing of microfluidic chips

- Monitoring of polymers inside the cells with industrial biotechnological applica-
tions

- lIdentification of bacteria with clinical applications

Innovations
- Tailored microfluidic chips for clinical investigations

Subfields of group activities

— Optical microscopy

- Microtechnology, nanotechnology
- Biophotonics
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Raman based sensor

Imagine this wishful scenario in a clinical
practice: A sick person enters a hospital
emergency ward and the doctor collects
a urine specimen from this person.
Consequently, in an ideal case, pathogens
are identified quickly and appropriate
antibiotics are prescribed. Thus, we

aim to introduce Raman spectroscopy

as potential method of choice for POC
measurement which excels in speed and
sensitivity in clinical setting.


http://www.isibrno.cz/
en/biophotonics-and-optofluidics

KEY RESEARCH EQUIPMENT

Cell biology
Biochemistry

Laser spectroscopy
Microuidics
Lab-on-a-chip systems
Microbiology

List of devices

SELECTED PUBLICATIONS

Renishaw In Via Reflex Raman microspectrometer
Raman tweezers made by the research team
Optical cell sorters made by the research team
Fast CCD cameras (thousands fps)
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Selected Raman spectra
of Staphyloccocus species
from our spectral library
used for identification
employing techniques of
artificial inteligence.
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Spectral map of Metschnikowia
andauensis, plotted using Raman
signal intensities of unsaturated
oil indicators during 14 days of
cultivation. The map monitors the
unsaturated oil content within the
cells.

We have a system for Raman
spectroscopic analysis of

the relationship between a
bacteriophage and its host
bacterium. Raman spectroscopy
combined with optical tweezers
provides real-time, non-invasive
measurement of the biochemical
changes that occur in a single
bacterium during the various phases
of the phage infection.
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We create Au nanopatrticles of
various sizes and nanostructured
surfaces optimized for surface-
enhanced Raman spectroscopy
(SERS). We use SERS for highly
sensitive detection of extremely
dilute analytes, such as pesticide
residues, secondary metabolites, or
individual bacteria.
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— droplet genefator

droplet sorter

In digital microfluidics, emulsion
droplets are used as miniature test
tubes, each with a separate chemical
reaction, or a living cell. The droplets
are generated in the T-junction,
incubated, analyzed via optical fiber
and automatically sorted (based on
fluorescence or Raman spectra) into
different output channels by electric
pulses. We use droplets for analysis
of enzymatic reactions involving
dehalogenases.

We have know-how in Raman
spectroscopy of algal and plant pigments
and various other metabolites and
biomolecules in general. We specialize in
development of complex instrumentation
hardware, software and methods for
specific Raman-based analytical tasks.
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M AIN COLLABORATING PARTNERS

Collaboration with academic partners

Brno University of Technology (Brno, CZ)

Consiglio Nazionale delle Ricerche (Messina, IT)

Institute of Experimental Physics, Slovak Academy of Sciences (Kosice, SK)
Masaryk University (Brno, CZ)

Universitat fiir Bodenkultur (Wien, Austria)

University of Graz (Graz, Austria)

University of Life Sciences (As, Norway)

University of Naples Frederico Il (Naples, IT)

University of Jena (Jena, Germany)

IPHT Jena (Jena, Germany)

Collaboration with companies

Photon Systems Instruments (Drasov, CZ)
Meopta (Prerov, CZ)

EXPECTATIONS

Offers

We offer collaboration in the areas of our expertise
Partnership in international projects
Custom manufacturing of microfluidic chips

Requirements

We would like to cooperate with academic partners as well as companies in the
fields of optics, biophotonics, biotechnology, microtechnologies and applica-
tions of microfluidic chips.
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We use microfluidic systems for
optical trapping and Raman
spectroscopy of individual bacteria
in clinical samples (e.g. urine) or in
cultivation media. The cells can be
automatically identified,

sorted and separated based on their
Raman spectra.
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