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European Commission Dear reader,

SEVENTHGFRQMEWORK
HRORRRIAS in your hands you hold the fourth Newsletter of the European
CONTENT Network of Excellence for Biophotonics PHOTONICSALIFE (P4L).

The third issue has been released right before the Photonics Eu-

2 Editorial rope in Brussels, where Biophotonics was the leading theme and
. Photonics4Life was active in manifold ways (see articles on pages
3 Industrial User Club ys e
9 and 14).
4 Inside

Our most important news is however that we were assigned a
very important task by the European Commission, which is to

8 Technology Breakthroughs

10 Tutorial initiate a discussion on the scope of a possible ERA-NET PLUS on ///f;
— —= 7

Biophotonics. An ERA-NET Plus is a research initiative which is co- '////jjgjf{/;

13 Entrepreneurship in Photonics funded by the European Commission and participating countries. =

with Photonics21, will organize a Biophotonics concertation
meeting. The purpose of this event is to bring together on-going
EU projects on biophotonics and other interested stakeholders in
order to present their achievements and also to create a shared
vision concerning the needs for European biophotonics and the
scope of actions which should be covered by an ERA-NET Plus on
Biophotonics. There will also be a presentation on the upcoming
photonics calls which will be of interest to those considering new
Biophotonics proposals.

%,

-
The total funding available could be up to 30 million €. As a first //
14 Events step towards the ERA-NET PLUS action, Photonics4Life, together /
_
-

The concertation meeting will take place in Brussels at the 5th
November, so mark this date in your calendar, if you would
like to become part of this action. If you contact us in time, we
would be delighted to provide you more information on this.

Best wishes, Juergen Popp
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EDITORIAL

P4L-Projects — 2™ Call

"PAL-Projects” are research projects within Photonics4lLife that
facilitate not only the cross-fertilization between the different
partners but also between Photonics4Life and industry. They
enable the partners to focus on their core expertise by coupling
complementary capabilities. For the second call both the associ-
ated partners of P4L (see backside of the newsletter) and also
companies were encouraged to participate.

PAL gives special preference to interdisciplinary projects to
promote the breaking down of barriers between the different
disciplines working in the field of Biophotonics and to generate
direct benefit for the biomedical enduser and/or the patient
according to the innovation chain (see figure).

The first two project proposals that were granted within the 2
call are Molecular mechanisms of tumor expansion — a multimo-
dal imaging approach to evaluate human basal cell carcinoma
and Skin tumor diagnosis by Optical Coherence Tomography.
They both employ different technigues but deal both with skin
cancer and involve clinicians and consequently are merged.
Project No. 3 Holographic and AFM imaging of cells grown in
hybrid scaffolds aims towards the replacement of animal experi-
ments which renders the project definitely relevant, especially
as clinicians and a new Associated Partner (FORTH-IESL) are
directly involved. Cell growth stimulation by spatial and temporal
photonic control of polymersomes focuses on the controlled
growth of neuron cells which is seen as a very relevant medical

challenge. This project also involves clinicians and an Associ-
ated Partner of PAL. Project No. 5 Feasibility study for label free
in-vitro toxicological hazard assessment again addresses the
problem that animal experiments will soon have to stop in the
European Union. An unmet need is therefore clearly addressed
and as a Associated Partner JRC IHCP is involved. The project
Quantification of the collagen organization in connective tissue
by Second Harmonic Generation (SHG) imaging aims at monitor-
ing corneal diseases. The unmet need is already obvious from its
title and as clinical partner the Ophthalmic Dept., Prato Hospital
in Florence is participating. The project Quantitative analysis of
therapeutic nanoparticle induced hyperthermia is dealing with
gold nanoparticles. The speciality of this project is to explore if it
is possible to destroy cancer cells selectively by an employment
of optical tweezers. Project No. 8 deals with the assessment of
food adulteration by fiber optic diffuse light absorption spectros-
copy (Fiber-optic diffuse-light absorption spectroscopy for food
applications). The last two projects are the first industrial projects
in PAL — the first is called “ Generalized vibrational spectroscopy
on a chip”. The second industrial project aimes to support the
surgeon by optical guidance during cochlear implants surgery
(Fiber Optic Sensors as Guidance Tools for Intra-Cochlear Elec-
trode Insertion: a Feasibility Study).

» www.photonicsélife.eu
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Industrial User Club

Besides structuring and integrating
Europe’s Biophotonics R&D activities,

PAL wants to link the expertise of its
members with SMEs and large compa-
nies, in order to stimulate Biophotonics
innovation. Therefore, PALs Industrial User
Club (IUC) was established, as the short
link between industrial companies and
the academic partners in P4L. So far,

14 European companies became a mem-
ber of the IUC. In chronological order,
these companies are Monocrom (Spain),
Inject Enterprise (Russia), Elliot Scien-

tific (UK), Advalight (Denmark), Avasha
(Switzerland), LLC SPE “Nanostructured
Glass Technology” (Russia), Modulight
(Finland), Luminostix (The Netherlands),
Cosingo (Spain), Analytik Jena (Germany),
Cochlear Technology Centre (Belgium),
LLTech (France), Hamamatsu Photonics UK
(UK) and JenLab (Germany).

In addition to the original advantages,
which can be consulted on the follow-
ing link (http://industry.photonics4life.eu/
Industry/Memberships/Benefits), these
companies can take part in a PAL Indus-
trial Project. Cochlear is the first company
to benefit from this opportunity: The
industrial P4L project entitled “Fiber Optic
Sensors as Guidance Tools for Intra-
Cochlear Electrode Insertion: a Feasibility
Study” is a collaboration in which 3 P4L
partners (VUB, USTAN, IPHT), one associ-
ated partner (IMTEK) and Cochlear have

joined forces. The project, which started
at August 1%, aims to determine the
technological and economical feasibility
of integrating a fiber optic sensor (either
a shape sensor or an imaging probe) in
the electrode array of a Cochlear implant
to facilitate its insertion.

In the context of the IUC, we are also
looking forward to welcome Visolas, a
future spin-off from PAL partner KIT that
develops a tunable visible organic laser
for biophotonic applications. At the same
time, this is also the first supported busi-
ness project by the P4L consortium. In or-
der to prepare this start-up, a representa-
tive from KIT participated in our Intensive
Training “Entrepreneurship in Photonics”
(see page 13).

If you would like to join the PAL IUC,
please consult the following link
http://industry.photonics4life.eu/
Industry/Memberships/How-to-join,
or contact the PAL IUC officer Tom
Guldemont at tguldemo@b-phot.org.

Contact

Tom Guldemont

Vrije Universiteit Brussel (VUB)
tguldemo@b-phot.org
http://industry.photonics4life.eu
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INSIDE

The Institute of Photonic Sciences (ICFO)

ICFO-The Institute of Photonic Sciences
was created in 2002 by the government
of Catalonia and the Technical University
of Catalonia. ICFO is a center of research
excellence devoted to the sciences and
technologies of light. The Institute carries
out frontier research and trains the next
generation of scientists and technologists.
ICFO actively collaborates with many
leading research centers, universities, hos-
pitals, and a range of private companies
based locally and all over the world.

ICFO currently hosts 19 research groups
working in more than 50 different labora-
tories. Available to them are a Nanopho-
tonics Fabrication Lab, a Super-resolution
Light Microscopy & Nanoscopy Lab, an

Advanced Engineering Lab and a range
of other support facilities. All research
groups and facilities are located in a
dedicated 10.000 m?-building situated in
the Mediterranean Technology Park in the
metropolitan area of Barcelona.

Research at ICFO encompasses four
broad thematic areas: nonlinear photon-
ics, quantum photonics, nanophoton-
ics, and biophotonics. Our researchers
work in a great variety of fields, includ-
ing quantum information technologies,
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nanophotonic devices, remote sensors,
optoelectronics, integrated optics, ultra-
fast optics, biophotonics, and biomedical
optics. Projects are run as part of both
medium- and long-term programs. ICFO
performs cutting-edge research both

in fundamental and applied fields. The In-
stitute carries out world-class science and
regularly publishes high-impact results

in prestigious international journals. As
for applied research, ICFO has registered
a significant number of patents and ac-
tively promotes the creation of spin-offs
by its researchers.

Currently, ICFO counts about 200 re-
searchers, a number that is continuously
growing. By 2014, when ICFO completes

its ongoing expansion phase, the Institute
is to count more than 300 researchers
working in 25 different research groups.

Biophotonics at ICFO

In part with support from Fundacié Cellex
Barcelona, ICFO has been involved in a
range of activities aiming to harness the
power of photonics for improving human
health. Photonics plays an increasing role
in a variety of medical techniques and
practices, including non-invasive diagno-
sis, advanced imaging, and non invasive

therapies. Examples include photody-
namic cancer therapies, pulse oximetry,
laser surgery, near infrared spectroscopy,
optical coherence tomography, advanced
microscopy, and laser treatments in der-
matology.

ICFO conducts research and development
at the cutting-edge of biophotonics and
nanophotonics, with a special focus on
imaging modalities and techniques that
aim at continuously breaking the limits

of resolution (both spatial and temporal).
Ongoing programs include a variety of
advanced multiphoton and fluorescence
techniques, single-molecule approaches,
pioneering near-field nanoimaging, plas-
monics and nanoantenna approaches, Ra-
man imaging, photothermal imaging, and
diffuse optical imaging, among others.
ICFO also hosts several programs in nano-
surgery, neuro-intensive care monitoring,
plasmonic oncology, and dermatology.

Light for Health Program

ICFO recently created the Light for
Health Program and sets it sights on
bringing forward developed photonic
techniques to the outside world especially
in the life sciences and agro food area.
ICFO collaborates with hospitals, health-
care centers, biomedical research centers,
universities, medical institutes and com-
panies, acting as the local BioPhotonics
Hub. The program focuses on establishing
links and joint projects with local and in-
ternational biomedical industries, organiz-
ing workshops, schools and conferences,
as well as spin-off generation, dissemina-
tion and outreach activities.

Contact

Niek van Hulst

ICFO — The Institute of Photonic Sciences
niek.vanhulst@icfo.es

www.icfo.es



Vrije Universiteit Brussel (VUB)

The Vrije Universiteit Brussel (VUB) is

a middle-sized but complete univer-

sity located in Brussels, Belgium. It was
formed in 1970 as the Flemish offshoot
of the French-speaking Université Libre
de Bruxelles. The biophotonics research
within the Faculty of Engineering at VUB
focuses on micro-photonics and medical
imaging.

Micro-photonics

In the field of micro-photonics, the
Brussels Photonics Team (B-PHOT) of the
Department of Applied Physics and Phot-
onics works on the development of low-
cost plastic microminiaturized systems for
biochemical analysis. These photonic labs-
on-chips aim at measuring the absorption
and fluorescence of molecules in micro-
fluidic channels. For the development

of these systems B-PHOT can rely on its
expertise in micro-photonics, including its
micro-optical design platform, its Deep
Proton Writing prototyping technology,
and its large-scale micro-optical measure-
ment centre in clean room conditions.
Photonic labs-on-chips open opportuni-
ties for point-of-care diagnosis, environ-
mental monitoring, food and drinking
water quality testing and industrial analy-
sis such as the monitoring of degradation
of lubricant oils in industrial machinery.

Another topic at B-PHOT is the use of
Micro-Structured optical Fibers (MSFs)
featuring Bragg gratings for biomedical
sensing applications. A first application

is the monitoring of multi-axial stress
build-up in dental resin cements due to a

polymerization shrinkage of the material
system. MSF sensors are also integrated in
flexible and stretchable polymer sheets to
create skin-like structures which are sensi-
tive to various degrees of touch, pressure
and deformation. These artificial photonic
skins open opportunities for respiration
and cardiac activity monitoring as well as
for the detection of pressure points under
bed-ridden patients. Finally the use of
MSFs for imaging and shape sensing in
minimally invasive medical procedures is
investigated.

Medical imaging

The Image Processing & Machine Vision
(IRIS) group of the Department of Elec-
tronics and Informatics focuses on several
topics in the field of medical imaging. A
first topic is the development of auto-
mated image processing schemes for
the extraction of biomedical parameters
to quantitatively assess the presence or
evolution of a disease and for “Con-
tent Based Search” which deals with
searching and correlating data spread
over heterogeneous databases. IRIS has
a significant expertise in compression

of data resorting from various imaging
modalities. Another core competence

of IRIS is the behavioral analysis and
recognition of activities of elderly and
the correlation of these data with various
health parameters such as biochemical
analytes to determine the health state of
the patient. Finally IRIS also works on the
characterization of the anatomy of the
brain surface, fusion and compression of
medical imaging data.

INSIDE

IRIS has a close collaboration with the

In vivo Cellular and Molecular Imaging
Center (ICMIC), which is an interdisci-
plinary centre that studies the develop-
ment and validation of innovative in-vivo
imaging technologies. To this end ICMIC
has centralized multiple small animal
imaging modalities including a pin-hole
gated-SPECT camera, a micro-CT scanner,
an echocardiography and a biolumines-
cence instrument together with a unit for
probe development and a vivarium for
the housing of animals. One of the cur-
rent research topics is the combination of
non-invasive optical imaging technologies
such as bioluminescence imaging and
fluorescence imaging with autoradiogra-
phy techniques. The additional registra-
tion of photons in the visible spectrum
that are generated through an enzymatic
reaction in genetically modified cells will
open new applications in the field of
molecular imaging.

Contact

Hugo Thienpont

Vrije Universiteit Brussel (VUB)
hthienpo@vub.ac.be
www.b-phot.org
www.etro.vub.ac.be

web.mac.com/appletlc/ICMI_Brussel
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INSIDE

Associated Partner - Institute of Electronic
Structure and Laser (IESL)

The Institute of Electronic Structure and
Laser (IESL) was established in 1983 as
part of the Foundation for Research
and Technology — Hellas (FORTH), also
established in 1983. FORTH is one of the
largest research centres in Greece with
well — organized facilities and highly
qualified personnel. It consists of seven
Research Institutes located throughout
Greece: Heraklion, Rethymnon, Patras
and loannina.

The research of IESL focuses on funda-
mental and applied issues related to ma-
terials science and technology and laser
interactions with matter. The research
activities are centred on two major areas:
e Interactions and Photonic Division

e Materials and Devices Division

[ESL is part of the LaserLab Europe,

and houses the Ultraviolet Laser Facility
(ULF-FORTH), a multi-disciplinary scien-
tific laboratory dedicated to laser-based
science, supporting high quality basic and
technological research. There is a strong
interplay in research activities within the
above fields with emphasis on crossing
the borders between physics, chemis-
try and biology. Training and education
through research and the exploitation of
technologically mature applications are
equally important priorities.

In the field of Biophotonics, there are
three main activities: In-vivo Optical Imag-
ing, Non-linear Microscopy, and Tissue
Engineering.
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The In-vivo Optical Imaging activities
concern the design, development and
application of tomographic technologies
for in-vivo imaging in living systems and
tissue samples. There is particular interest
in the non-invasive visualization of spe-
cific molecular targets and pathways by
exploiting the fluorescence signal emitted
by fluorescent probes attached to cells

or molecules. An important aspect of the
research concerns the analysis of images
obtained by the system and representing
three-dimensional maps of fluorescent
concentration in whole animals. This tech-
nique, which is called Fluorescence Molec-
ular Tomography (FMT) can measure and
characterize specific molecular processes,
and thus answers can be given in particu-
lar biological questions concerning disease
development, cell function, gene expres-
sion and drug delivery. Similar approaches
are also being implemented by the group
towards microscopy imaging by using
Optical Projection Tomography (OPT) to
image in-vivo at the sub mm range. In ad-
dition, theoretical research concerning the
development of novel theoretical tools for
the accurate modeling of light propaga-
tion in tissue-like media is one of the key
developments of the group.

Non-linear Microscopy techniques
represent the forefront of research in cell
biology. These modalities comprise a pow-
erful tool for elucidating structural and
anatomical changes of biological samples
and for probing functions and develop-
mental processes in vivo at the microscopic
level. The investigation of in vivo cellular
and sub-cellular activities, by means of
these non linear imaging techniques, can
provide novel information related to fun-
damental biological problems, leading to
the development of innovative methodolo-
gies for the early diagnosis and treatment
of several diseases. Research interests at
[ESL-FORTH concerns the in vivo elucida-
tion of molecular mechanisms and bio-
logical processes at the sub-cellular level

using non linear (TPEF-SHG-THG) imaging
microscopy measurements. Femtosecond
laser pulses are utilized for excitation.

In Tissue Engineering, research is
focused on the implementation of

laser based micro- and nano-processing
methodologies for the engineering

of 3-dimensional (3D) biomaterials or
materials relevant to tissue engineering
applications. The principal objective is to
investigate the potential use of the fab-
ricated structures as scaffolds for tissue
regeneration. The techniques deployed
include two-photon polymerization (2PP),
ultrafast laser micro/nano structuring (UL-
MNS) and Laser Induced Forward Transfer
(LIFT). Combinations of the 3D scaffolds
obtained with well-defined biodegradable
nanostructures in a “scaffold on scaffold”
format are additionally investigated. The
influence of the topographical features of
the fabricated scaffolds on cell behaviour,
related to viability, proliferation, motil-

ity, adhesion, morphology, cytoskeletal
arrangement and gene expression, is
examined. Furthermore in each case,
control over the topography and surface
chemistry of the prepared structures is
demonstrated which allows further study
of cell response and its dependence on
the surface energy of the scaffold. The
aforementioned studies on the bioactivity
of the fabricated scaffolds were per-
formed by culturing various types of cell
lines as well as primary neurons and stem
cells. The ultimate goal of the research
team is to examine potential medical
and/or clinical applications of optimized
artificial tissue scaffolds.

Contact

Maria Farsari

Institute of Electronic Structure and
Laser (IESL) — FORTH
mfarsari@iesl.forth.gr
www.iesl.forth.gr



Local Cluster Jena

The IPHT and its partners are mainly ac-

tive in three core areas of Biophotonics:

e Health care research

e Life Science research

e Development of advanced Biophot-
onic tools

Most of the collaborations base upon the
renowned expertise of the IPHT in optical
spectroscopy such as linear and non-linear
Raman spectroscopy. The unique abil-

ity to provide information on molecular
structures of a sample without the use of
dyes makes this technique a versatile tool
in manifold applications.

Together with various departments from
the University Hospital Jena the IPHT
works on new methods and applications
for improving the well-being of patients.
In oncology, the focus is on developing
methods to improve detection of cancer,
because the success of therapy generally
depends crucially on the early initiation of
therapy. Conventional Raman Spectrosco-
py can tell healthy from cancerous tissue,
but the disadvantage is the low sensitivity.
Therefore Coherent Anti-Stokes Raman
Spectroscopy (CARS) is used, where a
second laser is used to increase the signal.
There is an especially strong cooperation
in Jena in the field of detecting brain

and intestinal tumours. The partners also
develop techniques that allow a more ac-
curate determination of tumour bounda-
ries in-vivo and thus make an almost
complete, but still gentle removal of the
tumour possible. With the Clinic for An-
esthesiology and Intensive Care the IPHT
is developing methods for rapid and ac-
curate determination of Sepsis pathogens
and their resistances (preferably within 1
h) by using the molecular fingerprint ob-
tained by spectroscopy. Furthermore the
partners also work on ways to quickly and
accurately determine the host response
with Biophotonic techniques. In other
projects with the departments of cardiolo-
gy and neurology, tasks are to distinguish

INSIDE
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and to visualize neuronal

activity. Together with the Jena Biochip
Initiative (JBCI), the Centre for Molecular
Biomedicine and the Max Planck Institute
for Chemical Ecology (MPI-CE) the IPHT

is well involved in developing chip-based
analytical and diagnostic procedures, e.g.
for the detection of pathogens in air, food
and liquids.

With the research findings from the vari-
ous projects from the cluster the IPHT and
its partners together with companies from
the region like Carl Zeiss AG or Analytik
Jena strive to develop better Biophotonic
tools in the area of advanced microscopic
and spectroscopic devices. In addition,
the IPHT focuses together with the
institute of applied physics (FSU) and the
Fraunhofer institute of applied optics on
the development of novel laser sources
with desired spectral properties, includ-
ing those with a tunable frequency range
(e.g. fibre lasers). Another focus area of
the IPHT together with the institute of
physical chemistry (FSU) and the centre
for Molecular Biomedicine (FSU) are

spectroscopic abilities.

The aim of these technologies
in addition to the realization of robust,
portable and low-cost analytic systems is
the development of new features that are
out of reach with today's technologies
and that minimize the detection limits.
Critical success factors for new detec-
tion systems are sensitivity, specificity and
robustness of the evidence, but also the
cost per information, the time from sam-
pling to result, and the ability to capture
multiple parameters in parallel.

Solutions in Biophotonics can arise only
through close cooperation as a lack of
interdisciplinarity has been proven to be
the major stumbling block in practice. The
IPHT in Jena has successfully overcome
this lack through manifold collaborations
with other local players.

Contact

Juergen Popp

Institute of Photonic Technology (IPHT)
juergen.popp@ipht-jena.de
www.ipht-jena.de
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TECHNOLOGY BREAKTHROUGHS

Nanoparticles to Fight Cancer: Laser Activatable
Gold Nanorods and Nanoshells

The Project “NIR-laser-activated gold
nanoparticles: perspectives in minimally
invasive diagnosis and therapy” was a co-
operation between CNR, SSU, IMPERIAL,
MESA+ and ULUND to investigate the
potential of near infrared (NIR) sensitive
nanoparticles for cancer treatment. These
nanoparticles are designed for systemic

We demonstrated the potential of gold
nanorods and nanoshells as novel con-
trast agents for two photon luminescence
and fluorescence lifetime imaging. In
contrast to their macroscopic counterpart,
gold nanorods and nanoshells exhibit de-
cent luminescence on excitation with blue
and violet light, with ultrafast decay

(~50 fs)ll. This, in associa-

tion with their extreme
two photon absorbance
at NIR frequencies, results
into two photon lumi-
nescence action cross
sections as high as ~108
GMIil, We proved stable
two photon luminescence
imaging down to below
5 pg ml" gold nanorods
in polyvinyl alcohol (1
mW, 800 nm), with
lifetime below the ps
regime, which is another
timescale from body com-
ponents, i.e. ~1 ns. These

4.0W

2.0w

1.owW

1.2W

0.5W

Scheme of cell treatment with gold nanorods. Insets: TEM of
gold nanorods with a silica jacket and photographs of gold

nanorods-chitosan films upon NIR irradiation

injection into the body, spontaneous ac-
cumulation into the tumor, and efficient
generation of radiative and non radiative
effects of diagnostic and therapeutic rel-
evance upon excitation with NIR light.
The optical properties of these nanopar-
ticles originate from plasmon oscillations,
which is an interface effect. Aqueous
suspensions of gold nanorods and na-
noshells were self-assembled by over-
growth of gold seeds, uniformly adsorbed
onto silica beads or incompletely coated
with a cetrimonium surfactant, to obtain
shells (~100 nm diameter x 15 nm thick-
ness) or rods (~60 nm length x 15 nm
diameter). Thereafter these nanoparticles
were coated with a variety of functional
jackets, such as biopolymers, minerals, or-
ganic dyes and biological macromolecules
to enable active delivery to the tumor.
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results may be exploited
for cancer diagnosis and
imaging.

We undertook the combination of gold
nanoshells with an organic sensitizer such
as Indocyanine Green (ICG) (at a rate of
~10 pg ml" ICG per 40 pg ml' metallic
gold), as a prototype of drug delivery and
multifunctional carrier. Since the plasmon
oscillations of gold nanoshells overlap the
optical absorbance of ICG, this architec-
ture enables simultaneous photothermal
conversion and ROS generation on excita-
tion with NIR light, which was tested to
treat different models of bacteria. While
at present no synergistic effect was
observed due to net quenching of ROS
generation, bleaching of ICG may benefit
from substantial retardationti,

Gold nanorods and nanoshells may tend
to flocculate in biological fluids, which

may be incompatible with intravenous
injection. PEGylation of these nanoparti-
cles proved effective to prevent floccula-
tion, while enabling their bio-conjugation.
However even under ideal conditions, the
colloidal stability of nanoparticles may

be impaired by biological pathways such
as endocytosis, which induces hybridiza-
tion of plasmon oscillations and loss of
optical properties. Silanization proved
ideal to gain steric hindrance and prevent
detrimental interference of the plasmon
oscillations, which was verified in innova-
tive models of aggregation. Another issue
on gold nanorods and nanoshells is their
stability on NIR laser irradiation under
conditions useful for cancer imaging and
therapy. Nanoparticles were dispersed
into bio-mimetic polyvinyl alcohol and
chitosan, and then irradiated under dif-
ferent regimes of biomedical interest.
Statistical modifications were assessed by
spectromicroscopy in an attempt to corre-
late optical and geometrical parameters.
At present, we are drawing thresholds for
photothermal damage (typically above

10 W cm? and 200°C), which is para-
mount in view of hyperthermic applica-
tions.

[l M.B. Mohamed, V. Volkov, S. Link,
M.A. El-Sayed, Chem. Phys. Lett. 317,
517 (2000).

[ii] P Zijlstra, JW.M. Chon, M. Gu,
Nature 459, 410 (2009).

[iiil C.D. Geddes, H. Cao, J.R. Lakowicz,
Spectrochimica Acta Part A 59, 2611
(2003).

Contact

Fulvio Ratto and Roberto Pini

Istituto di Fisica Applicata

“Nello Carrara”, Consiglio Nazionale
delle Ricerche (IFAC-CNR)
r.pini@ifac.cnr.it




TECHNOLOGY BREAKTHROUGHS

Optofluidic Dye Laser in a Foil

Optofluidics covers liquid-based optical
and photonics elements or components.
Optofluidic lasers are miniaturized liquid
dye lasers emitting visible light. They may
be used as light sources for integrated
optics or integrated photonic sensor
systems. For bringing optofluidic lasers to
markets fabrication technologies suit-
able for mass production must be used.
In addition, a reduction of material costs
is desired. Thermal nanoimprint and
thermal bonding of all polymer devices

is a promising approach to fulfill both
requirements.

In the course of a cooperation project of
the KIT young investigator group headed
by Dr.-Ing. Timo Mappes with the group
of Prof. Anders Kristensen from the
Technical University of Denmark, KIT's Ph.
D. student Christoph Vannahme has now
succeeded for the first time in produc-
ing a laser embedded in a foil of 350 um
in thickness only, which reaches a much
higher power than conventional lasers.

In a parallel process that is easy to trans-
fer to industrial fabrication, laser produc-
tion on the chip starts by providing a
TOPAS® (Cyclic Olefin Copolymer (COQ))
foil with a combination of nano- and
microstructures. This is accomplished by
embossing grating structures with a pe-

riod of 185 —190 nm via thermal nanoim-
print using a stamp. After covering this
structure with another foil of the same
material by thermal bonding, a micro-
channel of 1.6 um in height and

0.5 mm in width with nanostructures
bottom is obtained. When passing a lig-
uid dye through this channel and optically
pumping it, laser light is generated as a
result of the Bragg-reflection in the grat-
ing structure at the bottom of the chan-
nel. The period of this grating determines
the wavelength of the emitted laser light.
Using two different periods, different la-
ser wavelengths can be obtained with the
same liquid (e.g. 566 nm and 581 nm).
The channel design allows for high pulse
energies of more than 1 micro-joule and
small bandwidths of the laser light. As the
liquid is pumped through the microchan-
nel, the dye molecules are exchanged
constantly and very long service lives

are reached. The results were published

in Optics Express 18 (9): 9280-9285.
This is yet another step towards versatile
polymer based lab-on-a-chip systems with
multicolor lasers on chip.

Contact

Timo Mappes

Karlsruhe Institute of Technology (KIT)
timo.mappes@kit.edu

P4AL members
score highest
at international
innovation
competition

This years SPIE Photonics Europe
Conference in Brussel on 12—16 April
2010, was very well attended by
2,150 researchers. Here the Photonics
Innovation Village served as showcase
of creative technology demonstrations
developed by universities and research
centres. Among the 21 demonstra-
tions on display from 12 countries,
three PAL members received critical
acclaim from a jury in an associated
competition - prooving the high inno-
vation potential of the P4L network.
The first place was given to Thomas
Woggon from Karlsruhe Institute of
Technology (KIT) for VISOLAS, a tun-
able visible organic laser for spectros-
copy. Woggon was a participant of
PAL's intensive training entrepreneur-
ship (compare report on page 13).

The first runner-up in the competi-
tion was Lawrence Bogaert of Vrije
Universiteit Brussel (VUB) with ISIS3P,
an Image Steering Integrated Screen
for 3D imaging. Maria Farsari, ISEL-
FORTH, won the second runner-up
prizer with photosensitive materials
for two-photon polymerization.

Nature Photonics reported in details
about the success of these three P4L
members:
http://dx.doi.org/10.1038/nphoton.
2010.145
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Fast and Efficient Detection of Pathogens Using
Raman Spectroscopy and Chip-Based Methods

Robert Méller, Petra Résch and Jirgen Popp

The detection and identification of micro-
organisms is not only of high relevance
for a variety of medical applications, rath-
er it has become an important analytical
task in many fields like food production,
environmental applications, biotech-
nology and many more. By identifying
microorganisms, disease causing agents
or microbial contaminations in food or
environmental samples can be confirmed.
With the ever growing knowledge about
the importance of microorganisms in our
everyday life the demand for fast detec-
tion methods grows continuously. Howev-
er, the microbiological standard methods
of cultivating microorganisms on selective
media are time consuming. Often cultiva-
tion results are achieved after 3-14 days,
which is not sufficient for many analytical
tasks, where a fast (within hours) identi-
fication would be necessary. Because of
those short comings of the established
methods, immunological methods, e.g.
ELISA, and biochemical methods, e.g.
PCR have been adapted for the identifica-
tion of pathogens. With these methods a
faster identification, usually within 1 or 2
days can be achieved within a specialized
laboratory.

Because of the high demands on the
selectivity, specificity and speed of the
analysis optical methods can play a

major role in detection of pathogens. A
further advantage of optical methods is
that measurements are normally non-de-
structive and non-contacting’. Especially
vibrational spectroscopic methods e.g.
Raman spectroscopy have a tremendous
upside, as specific spectra can be used for
the identification. Besides the identifica-
tion of substances Raman spectroscopy

is especially interesting for the analysis

of biological samples, because many
solvents and particular water show only a
very weak Raman signal. By combining a
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Raman setup with a microscope a device
with a high spatial resolution is created.
Such a micro Raman setup allows a spa-
tial resolution in the sub um range, which

is small enough
to collect Raman
spectra from a
single bacterium.

Using a micro
Raman setup
extensive chemical
information can be
collected, which
can be used for
the characteriza-
tion and identifica-
tion of pathogens
on molecular

level. The collected
spectra are sum
spectra over the
entire components
of the bacteria
cell. Because of
differences in the
composition each
strain of microor-
ganisms possesses
a specific molecu-
lar and therefore
spectral finger-
print, which can
be used for the
characterization
and identification
of single microor-
ganisms via Raman
spectroscopy?*.
Furthermore differ-
ences in the com-
position, due to
the growing phase
and condition, can
be displayed in
Raman data.

As the changes in the molecular com-
position are often subtle multivariate
statistical data analysis tools are used
for the characterization. Such analysis
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Fig 1: Characterization of growing phase and condition by Raman
spectroscopy, (A) with an ongoing cultivation of S. epidermidis
changes in the Raman spectra can be detected, which can be used for
the identification of the growing phase. (B) The cultivation of S. cohnii
and S. warneri in different media (CA-Corynebacterium agar; CASO-
Trypticase soy yeast extract) and by different temperatures can also be
identified by Raman spectroscopy?.
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Fig 2: Identification of bacteria using Raman spectroscopy, because

of differences in the composition each strain of microorganisms pos-
sesses a specific molecular and therefore spectral fingerprint, which
can be used for the characterization and identification of single micro-
organisms via Raman spectroscopy?™.



algorithms are fundamental for the clas-
sification of the measured spectra to a
certain species or strain of pathogens. To
realize such a classification a databank
with reference spectra is necessary. Based
on those reference spectra together with
the appropriate chemometrics (statistical
analysis tools) a classification of unknown
pathogens can be achieved™ 8. The use
of this method for the identification and
classification of pathogens is highly spe-
cific and achieves recognition rates of

90 % and higher on strain level.

As single cells of pathogens are identi-
fied using this method, time and labour
consuming steps of cultivation are not
necessary anymore and an analysis can be
performed directly with a given sample.
However, a sample usually consists of a
complex matrix containing all kinds of
abiotic and biotic particles. And normally
only a very small number of those parti-
cles are of interest for an analysis via Ra-
man spectroscopy. So in order to achieve
a fast identification of pathogens in a
complex sample an identification method
for the particles of interest would be
helpful. This can be realized via a simple
fluorescent staining. This staining allows
differentiating between abiotic and biotic
as wells as live and dead pathogens. This
differentiation speeds up the investigation
of the sample as now only a small portion
of the particles needs to be investigated
via Raman as only the live and/or dead
pathogens are of interest.

However, fluorescent signals are usually
5 to 6 orders of magnitude stronger than
Raman signals and a combination of
Raman and fluorescence is only possible
if one uses fluorescent dyes with specific
properties. The chosen fluorescent dyes
are not excited by the used laser for the
Raman analysis. For the staining of live
bacteria SYTO 9 was used, which is only
enriched in living bacterial cells. In a

first step all living pathogens are identi-
fied using this fluorescent labelling. In

a second step the selected particles can
be analysed using the above described
procedure, using a Raman laser for the
analysis that does not excite the se-
lected dye’ 8. With such a simple staining

TUTORIAL

Fig 3: Identification of bacteria combining fluorescence and Raman spectroscopy. In a complex
sample (left) the particles of interest are defined by a fluorescence staining and are identified

by their specific Raman spectra (right).

method it is possible to identify living and
dead biotic particles in a complex sample,
allowing the fast and specific identifica-
tion of pathogens without any extensive
sample preparation steps, as they are
usually necessary for other methods of
identification.

The fast and specific identification of
pathogens has been successfully demon-
strated on a variety of different sam-
ples in gases, fluids and solids and also
eukaryotic cells have been investigated®.
With industrial partner this technology
will be further developed, to realize a
highly automated system for the specific
identification of pathogens via Raman
spectroscopy.

Besides the fast and specific identifica-
tion of pathogens another trend in the
development of analytical tools is the
development of technologies for onsite or
point-of-care detection. One of the most
discussed solutions for these problems is
the use of biochips or microarrays. Such
a biochip consists of a solid substrate
(glass, silicone, etc.) on which capture
molecules are bound in an order fashion.
By incubating such a chip with a sample
the molecules in the sample bind to their
complementary capture molecules on
the chip'® ™. To analyse this biomolecular
recognition event many different methods
have been described. The most dominate
method today is fluorescent labelling.
Through the incorporation of a fluores-
cent dye into the complex of capture and
target molecule the binding becomes
detectable. Because all the capture mol-

ecules on a chip are known and immobi-
lized in an ordered fashion the fluorescent
readout of a biochip allows the identifica-
tion of biomolecules (pathogens) based
on the pattern of fluorescent spots on the
chip™.

If the identified biomolecules are charac-
teristic for a selected pathogen chip-
based methods can also be used for the
identification of pathogens. By using
short synthetic DNA fragments as capture
molecules microorganisms can not only
be identified based on specific DNA
sequences, but specific molecular infor-
mation can be collected e.g. resistances
against antibiotics and other drugs.

In addition to the parallel testing of many
different molecules (pathogens) in one
sample with one chip-based analysis,
because many different capture molecules
that can be immobilized on a single chip,
there are other advantages that make bio-
chip interesting for the onsite detection of
pathogens. Because of their production
methods biochips are small, usually only

a couple of cm?, and can be produced in
large quantities. Furthermore, the analysis
can be automated and miniaturized make
portable detection systems possible.

Even so biochips have this potential for a
realization of onsite detection systems us-
ing this technology, there are only a few
examples of competitive systems in the
market today. Rather the use of biochips
for the analysis of many analytical tasks

is still lab based with bulky and expensive
equipment. For an onsite detection sys-
tem not only the detection of the relevant
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biomolecules has to be automated and
miniaturized, but rather the entire proc-
ess including sample possessing, sample
handling, and data processing'3. Further-
more, a portable diagnostic device needs
a robust and reliable detection method.
The realization of small, robust and cost
efficient detection device for a fluorescent
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Fig 4: Chip-based electrical detection of DNA. For the chip-based
detection capture molecules are bound within a electrode gap (a), the

structures. In each gap a specific capture
molecule is bound. After the incubation
with the sample and the binding of the
target molecules to its complementary
capture molecules, metal nanoparticles or
an enzyme are bound to the immobilized
target molecules and silver is deposited
on the particles or through the enzyme.
This creates a con-
tinuous layer of
metal that bridges
the electrode gap
and the binding
of the target mol-
ecules can be de-
tected via a simple
DC conductivity
measurement'’-1°,
The deposited
silver can also be
detected optically
as the formed sil-
ver spots are grey
or black?®.

By combining this
robust electrical
readout principle
with a miniatur-
ized PCR and a
sample prepara-
tion a modular
system has been
created for the

complementary target molecules bind (b) and the complex of capture

and target molecules is labelled with an enzyme (or nanopatrticle) (c),
finally silver is deposited around the enzyme and the electrode gap is
bridge with metal. This metal deposition can be measured on a chip

onsite detection of
plant pathogens
and diseases of live

with electrode structures (e). The readout can be done with small

hand held devices enabling a portable and robust detection technol-

ogy (f).

based analysis is possible but quite chal-
lenging. So there has been an intensive
search for alternative labelling and detec-
tion methods for biochips. One possible
method is the use of metallic nanopar-
ticles as labels for biochips' 5. Metallic
nanoparticles can be coupled to biomol-
ecules with numerous methods and offer
a variety of different optical, gravimetri-
cal and electrical detection methods'®.
Especially the electrical detection seems
interesting for portable detection systems
as it requires only simple technical setup.
For an electrical readout the biochip

has to be modified with electrode gap

12 photonics4life 2|12010

stock. This plat-
form can be easily
adapted to other
tasks. Raman and chip-based detection of
pathogens are not competing technolo-
gies rather they will complement each
other. The chip-based detection has the
potential for the realization of portable
detection device for an onsite detection
of specific pathogens. While Raman will
allows the fast identification of patho-
gens in complex samples with minimum
sample preparation required. The two
described technologies each have their
advantages that make them especially
suitable for different applications.
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ENTREPRENEURSHIP IN PHOTONICS

Entrepreneurship in Photonics

As part of P4L Work Package 7, VUB
organized an intensive training entitled
“Entrepreneurship in Photonics”. The
modular training was held in Brussels
and took place from January 25" until
February 5t 2010.

Courses were lectured by VUB-professors,
as well as by photonics entrepreneurs and
professionals, representing companies
such as Philips Healthcare, Barco, Trinean,
FOS&S, Optrima, and P4L IUC member
Cochlear. A visit to the optical sort-

ing company BEST was also part of the
programme.

The training was structured in

3 modules:

Module 1 (3 days) provided an introduc-
tion to business economics and high
tech entrepreneurship. A wide range of
disciplines were covered, such as finance,
marketing, human resources, intellectual
property rights, strategy and manage-
ment.

Module 2, called “Business aspects of
Photonics” (5 days), provided an over-
view of the photonics markets and the
typical business aspects associated with
these markets. Several sectors, where
photonics plays an enabling role, were
addressed, such as displays, lighting, solar
energy, lasers, industrial automation, and
in particular life sciences and health.

Module 3, “Business plan” (2 days),
provided guidance to (potential) entrepre-
neurs on how to prepare and negotiate

a business plan. In the end, participants
could present their business project to

a jury of venture capitalists and profes-
sionals, which provided feedback on the

projects. Thomas Woggon, from P4L part-
ner KIT, took this chance and used this
experience during the Innovation Village
at SPIE Photonics Europe 2010, where he
was rewarded with the 1st prize for Best
Innovation.

As subscribers could choose for a
combination of modules, there were

13 persons attending the 15t module,

13 persons following the 2" module and
7 persons in the 3¢ module. The training

was highly international as the in total
15 participants were coming from

7 different countries (Belgium, Germany,
The Netherlands, France, Italy, Spain and
Poland). 8 participants were registered as
a member of P4L and therefore benefited
from a partial reimbursement, while

2 attendees were members of NEMO,
the EU-funded Network of Excellence on
Micro-Optics. Additionally, 2 people from
the photonics industry subscribed.

After each module, an evaluation via
guestionnaire was carried out. The
feedback in general was very positive: On
average, the sessions of all modules com-
bined were rewarded with an excellent
score of 8, 9 on 10. As a consequence,

a repeating of the training was strongly
recommended by the participants. The
next edition will take place in January
2011. If you are interested in participa-
ting, please send an e-mail to Tom
Guldemont at tguldemo@b-phot.org.

Contact

Tom Guldemont

Vrije Universiteit Brussel
tguldemo@b-phot.org
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EVENTS

Torwards Better Health Care:
Targeting Unmet Medical Needs

A fresh impetus for researchers was
provided by the conference “Biophoton-
ics — Photonic Solutions for Better Health
Care”, which took place from April 12 to
16 as part of Photonics Europe in Brus-
sels. For the first time, the oral program
featured not only premium-class talks on
the latest technologic advances in the
field, but also a dedicated medical session
entitled “Towards a Better Health Care:
Unmet Medical Needs”. The European

Dermatology Professor Daniela Massi speak-
ing about medical demands

Network of Excellence “photonicsdlife”
together with Laser Lab Europe had
invited renowned physicians to unravel
challenges in various medical fields, rang-
ing from oncology to infectious diseases,
and to state their expectations on user-
oriented optical solutions.

“Time matters”, was the clear message
of Prof. Michael Bauer (Univ. Hospital
Jena, Germany) who spoke on diagnostic
needs in the field of sepsis. In order to
avoid mortal cases, the analysis time for
pathogen identification must be reduced
from currently about 36 hours to about
30 minutes after onset of sepsis. Not only
the pathogen must be reliably identified
but also resistances and host responses
must be determined. This means that
blood-culture based procedures must be
supported by photonic point-of-care solu-
tions combined with PCR.

In the field of oncology, all speakers ex-
pected further major benefits from novel
optical procedures for tumor diagnosis.
Their potential for an early recogni-
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tion and detailed description of tumors
should be exploited further in order to
promote less invasive, targeted therapies.
Pathologist Prof. Axel Niendorf (Inst. for
Diagnostic Histopathology, Germany)
recommended that molecular diagnostics
should be applied to complement rather
than replace morphological assessment.
Such multimodal approaches could
provide major advances in tumor grading
and enable individual therapy recom-
mendations. Prof. Katarina Svanberg
(Lund Univ., Sweden) and Prof. Alfonso
Crisci (Univ. of Florence, Italy) emphasized
the importance of in-vivo fluorescence
diagnosis for improved therapies, e.g. by

Audience following the session

using it for a fast and reliable intraopera-
tive delineation of tumors. The benefits of
non-invasive optical biopsies in dermatol-
ogy were approved by Prof. Daniela Massi
(Univ. of Florence, Italy) and Prof. Hans
Peter Berlien (Elisabeth Klinik, Germany).
However, the available imaging and ma-
nipulation methods, e.g. the use of short
laser pulses, and their effects should be
studied further to allow their routine use
in dermatology.

The session attracted big interest so that
Photonics4Life coordinator Prof. Juergen
Popp judges it as a successful step towards
a closer cooperation of users and develop-
ers, and plans to present similar formats

in upcoming conferences. With activities
like this, the P4L network aims to close the
gap between users and developers of Bio-
photonics solutions. According to experts,
this gap is the most important bottleneck
to further advances in the field.

Event Calender

(co-)organized by photonics4life
contribution from photonicsdlife partners

August 2010

08-13 August

Boston, Massachusetts, United States
International Conference on Raman
Spectroscopy (ICORS XXII)

27 August — 02 September
Ballyvaughan, Ireland
Biophotonics and Imaging Graduate
Summer School (BIGSS) 2010

September

06-08 September

Edinburgh, United Kingdom

Faraday Discussion 149: Analysis for
Healthcare Diagnostics and Theranostics

11-16 September

Egmond aan Zee, Netherlands
International Conference of Advanced
Laser Technologies (ALT)

22-30 September
Quebec, Canada
Biophotonics Week

27-29 September
Brussels, Belgium
ICT 2010

28 September—01 October
Jena, Germany
MiCom 2010

October
05-08 October

Saratov, Russian Federation
Saratov Fall Meeting

18-20 October
Maynooth (Dublin), Ireland
BioPIC 2010

26-29 October

Paris, France

EOS Annual Meeting 2010 —
Topical Meeting 1

November

05 November
Concertation Meeting for an ERANET
Plus on Biophotonics

January 2011

22-27 January
San Francisco, United States
Photonics West
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