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1. Final publishable summary report 
1.1. Executive summary 
 
Light and atomic force microscopy are complementary techniques for the study of live cells. With 
light microscopy, the interior of living cell is accessible for observation via fluorescence emission, 
and when light microscopy is combined with optical tweezers, molecular interactions can be 
observed even inside an intact cell. In contrast, AFM provides resolution on the cell surface 
topography at the nanometre scale and allows for studying mechanical interactions of membrane 
components. With SMW, all conceivable functions of these complementary technologies have been 
integrated into a single and unified Single Molecule Workstation (SMW) concept. The microscopy 
hardware to be developed has been combined with a single, highly intuitive graphical user interface 
(GUI) integrating all functional modules of the system, exchanging and controlling measurement 
protocols in real time and in highly synchronised fashion. The application of this SMW instrument 
beyond this project will enable major advances in life science research by delivering new insights 
into the molecular biology of living cells and complex biomolecular processes, which are yet 
inaccessible. 
 
The main objective of the project was to create a flexible, modular and user-friendly workstation 
combining the three most important microscopic techniques ultra-sensitive inverted light microscopy 
(ILM), atomic force microscopy (AFM) for studying cell topography and molecular recognition 
imaging, optical tweezers (OT) for the detection of ultra-low forces and additional photo-thermal 
nano-spectroscopy (PTNS) to allow for the chemical characterisation of cellular material. These 
tasks have been worked on by the SMEs and the industrial partner of the consortium. On a second 
level, the SMW instrument has been applied for the study of the correlation between structure and 
function of living cells, with exemplary applications in molecular immunology and basic cancer 
research as performed by the academic partners.  
 
The project started in December 2008 and the second period ended in November 2011. After the 
significant advances in the first reporting period (design of the mechanical, optical and electronic 
concept and software for the combination of AFM and ILM, implementation of SLM technology, 
establishment of test systems for cancer detection and immunology) a prototype of a combi AFM-
ILM instrument with integrated SLM was built in the second reporting period. Its functionality was 
intensively tested and the observed interferences and problems with light efficiency could be 
successfully solved. Furthermore, the PTNS technology has been established and tested on living 
cells for the characterisation of cancer characteristics. After the optimisation of the SMW setup, it 
has been validated by the academic partners in a variety of experiments. The application of the 
system to study cancer cell characteristics and immunological T cell activation both by AFM and 
fluorescence microscopy techniques yielded interesting results that prove the capability of the 
developed SMW. 
 
Results will be published in due time on the project website www.till-id.com/smw.html, where also 
contact details and information of the Coordinator and the consortium can be found. 
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1.2. Description of project context and objectives 
 
Light- and atomic force microscopy (AFM) are complementary technologies for studying live cells. 
While light microscopy renders the interior of a living cell accessible for observation, AFM permits 
nanometre resolution on cell surfaces and allows not only viewing the cell surface topography, but is 
also applicable to study mechanical interactions of single membrane components. Light microscopy 
combined with optical tweezers can detect molecular interactions even inside an intact cell. The aim 
of our project thus was to integrate all conceivable functions of these complementary technologies 
into a single unified “single molecule workstation” concept. A single, highly intuitive graphical user 
interface (GUI) that integrates all functional modules of the system should exchange and control 
measurement protocols in real time and in a highly synchronised fashion. To achieve these goals it 
was not sufficient to take two separate, already completed technology approaches and try to merge 
them. Instead, the consortium needed to design the methodologies with the aim of a joint 
functionality in mind.  
 
In terms of the technological aspect, the main goal of the project was to develop an innovative single 
molecule workstation (SMW) combining the most important microscopic techniques into one 
workstation: 

• Inverted light microscopy (ILM) 
• Atomic force microscopy (AFM) 
• Optical tweezers (OT) 
• Photo-thermal nano-spectroscopy (PTNS) 

 
Thus, in the first phase of the project, the objectives of the technological concept development 
mostly were in the foreground: 
 

1. Electronic and mechanic integration of AFM and ILM including system specification, 
noise characterisation, interface definitions, electronic controller design and integration and 
software design and architecture. 

2. Design of a unified and intuitive user interface including customer workflow analysis, 
streamlining sample handling, general controlling calibrations and intelligent control 
interface enabling ease of use of the setup. 

3. Integration of spatial light modulator (SLM) for beam shaping, phase contrast 
enhancement and optical tweezers for dynamic phase shaping, shaping the spatial intensity 
pattern in the specimen plane, holographic optical tweezers and position detection system 

 
With this integrated workstation, a new quality level in the study of the molecular biology of living 
cells and biomolecular processes can be reached, enabling major advances in life sciences.  
 
The strategic objective of the project thus was to create a flexible, modular and user-friendly 
microscope, which achieves a performance far beyond the current state-of-the-art. 
Consequently, after the technological concept development phase, the objectives of validating the 
integrated system capabilities by scientific applications (cancer research and molecular 
immunology) were relevant in the second phase: 
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1. Correlated measurements by simultaneous topography and optical imaging with 
synchronised high-resolution topography imaging and fluorescence imaging with single 
molecule sensitivity. 

2. Enabling space- and time-correlated cellular stimulation and fluorescence imaging with 
controlled cellular stimulation by positioning functionalised AFM-tips and monitoring 
cellular responses in real time via single molecule fluorescence. 

3. Simultaneous AFM and fluorescence spectral imaging with higher harmonics topography 
and elasticity imaging combined with multi-wavelength fluorescence excitation and 
detection, localised on-site force spectroscopy with full fluorescence spectral read-out and 
fluorescence-guided force spectroscopy. 

 
 
1.3. Description of the main S&T results/foregrounds 
 
Work package 1: SMW system specification refinement and requirement analysis 
 
Work package leader: Ferry Kienberger (Agilent) 
Partners involved: TID, TILL, Anasys, Arivis, Agilent, IFJ PAN, HEPAG, JKU 
 
Summary 
The compatibility of an Agilent AFM with the TILL Photonics fluorescence microscope (inverted 
light microscope, ILM) is investigated with respect to noise issues, stability measures, mechanical 
interface definition, and optical as well as electronic implementation. Performance measures and 
systems specifications for the integrated single molecule workstation are setup, based on 
requirements analyses from cancer biology and molecular immunology, substantiated by market 
studies and polls to life science researchers.  
 
Task 1.1: Requirement analysis for mechanical and electronic components 
For studying single molecule processes at the cellular level there are various requirements that 
researchers expect from the combination of AFM and ILM. For a combined setup of AFM and ILM, 
including also potential optical tweezers (OT) and photo-thermal nanospectroscopy (PTNS) 
functionality, we did a market survey asking various researchers (including the bio-application 
partners from the SMW consortium, but also external life-science researchers). Three classes of 
researchers were addressed: (cell) biologists, biophysicists, lab managers. Many of them use the 
AFM as stand-alone, not on the ILM. The combined AFM/ILM has the following requirements, 
divided into two categories: MUSTS: (i) noise very important for biophysicists (in the 10 pN range 
and below; for OT below few pN); (ii) environmental control and fluid exchange is important; (iii) 
operational robustness: I sit down, turn on the instrument, and get the data I want; (iv) Ergonomics: 
easy to work with; (v) Repeatability: get the same results time after time. WANTS: (i) Automation is 
good but experienced users, particularly biophysicists, want to have freedom for advanced 
experiments; (ii) Biologists do not like writing software code, but want simplicity. 
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While the electrical components from the stand-alone AFM and ILM meet corresponding 
specifications easily, the mechanical components were investigated in more details to cover the force 
noise sensitivity as requested from the researchers. In particular we applied iterative CAD-modelling 
and high precision mechanical fabrication to get an optimal AFM-ILM interface (cf. WP2).  
 
Task 1.2: Requirement analysis regarding mechanical stability and noise sources 
Particularly for cancer biology and molecular immunology, as well as other life-science research 
areas, the noise level is the most important parameter for the combined AFM/ILM, according to the 
market survey. Stand-alone AFM noise is typically below 10 pN (with OT noise typically below few 
pN), with molecular forces typically ranging between 10 pN and 300 pN. Accordingly, the 
mechanical interface definition of AFM and ILM needs to be well defined to realize proper stability 
measures and reasonable low force noise of the combined setup. 
Below figure shows a selected CAD model (computer aided modeling) for the mechanical interface 
(the quickslide) of the Agilent 5500 AFM and the TILL Photonics iMIC. The design was guided by 
the requirement of lowest possible mechanical noise, with design and construction know-how from 
related Agilent Technologies products. Thereby the 5500 AFM head is mounted on the iMIC body 
via its three main screws on the quick-slide. The three AFM-head screws are responsible for the 
coarse z-approach of the AFM-cantilever to the sample, with the sample mounted on the integrated 
stage of the light microscope. This mode is called free standing operating mode FSOM. This design 
allows having full operational functionality of the AFM and the ILM in the combined setup.  

Fig. 1.1: CAD model of the mechanical interface (quickslide) of the combined 5500 Agilent AFM and the 
iMIC from TILL Photonics. The quickslide (left panel) is mounted on the iMIC body (blue part), and the AFM 
is put on top of the quickslide (red part) in free standing mode operation FSMO. This allows for full 
operational freedom of the individual microscopes. 
 
Task 1.3: Performance specifications for optical and mechanical components 
The first prototype combines the Agilent 5500 AFM with the TILL Photonics iMIC (the ILM). The 
previous part showed the design of the mechanical interface (the quickslide), which allows simply 
adding and removing the AFM from the ILM, without any compromise on the performance of the 
individual microscopes. Similarly as for the mechanical integration, we designed electronic and 
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optical integration without compromising the individual microscopes performances. The stand-alone 
electronics from the individual microscopes is used and termed as ‘AFM-Controller’ and ‘iMIC-
Controller’. Both controllers interact properly with the mechanics, optics, and software interfaces, as 
they do in their regular stand-alone settings. Since the AFM is simply put on top of the ILM, and the 
optical elements of the ILM are below the integrated stage, there is no compromise on the optical 
performance in the ILM. The same is true for OT and PTNS functionality. 
 
 
Work package 2: Interface definitions and software concept 
 
Work package leader: Stefanie Graf (TID) 
Partners involved: TID, TILL, Anasys, Arivis, Agilent, IFJ PAN, HEPAG, JKU 
Summary 
Based on the requirements specified in WP1, the mechanical interfaces between the AFM and the 
ILM were defined and mechanically built in a way to allow for the lowest possible interferences 
between the two microscope systems. Furthermore, a software concept has been designed to enable 
the appropriate communication between and the synchronisation of all components.  
 
Task 2.1: Mechanical definition of ILM-AFM interface 
In the first phase of the project, the technology partners for the light microscope and AFM (TID, 
TILL, Agilent) defined the mechanical interface of the combined ILM and AFM platform based on 
the specifications elaborated in WP1. This interface (“quickslide”, cf. WP1 Fig. 2.1) was 
mechanically built and the AFM 5500 was mounted on the quickslide on top of the light microscope 
body (iMIC). All investigations on the compatibility of the Agilent AFM 5500 and the TILL iMIC 
regarding noise, stability and interface definitions brought satisfactory results, thus the first working 
prototype could be used for further technology integration. 
 
In the second reporting period, the second working prototype of a combi ILM-AFM was built using 
the new TILL light microscope MORE™ and the Agilent AFM 6000. Consequently, for this 
platform, another interface had to be designed and constructed to connect the ILM and the AFM. 
 
In a next step, a design for the electronic and optical integration was developed. Concerning the 
electronics, an AFM controller and an ILM controller will interact properly with the mechanics, 
optics and software interfaces as they do in their stand-alone settings. Regarding the optical concept, 
there is no compromise on the optical performance of the iMIC ILM, because the AFM is simply 
mounted on top of the ILM and the optical elements (optical paths) are below the integrated stage 
(cf. WP1). The same holds true for optical tweezers (OT) and PTNS functionality. Anasys defined 
the mechanical requirements for the integration of the PTNS sensor into the AFM stage and HEPAG 
defined the requirements for the opto-mechanical integration of the SLM in the light microscope 
platform.  
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Fig. 2.1: Mechanical interface (quickslide) for putting the AFM 5500 on top of the iMIC. Left: prototype of 
the quickslide, right: 5500 AFM (black) put onto the quickslide (gray). 
 
 
Task 2.2: Development of software concept for user interface 
TILL and Arivis - together with Agilent – have developed concepts for the appropriate 
communication between and the synchronisation of all components and their implementation into the 
software. Communication paths and data exchange routines between the two main parts of the SMW, 
the AFM (including PTNS) and the ILM (including OT), have been established. With this concept, 
calibration routines and workflows can be realised for proper experimental measurements. Moreover, 
workflows for fully automated measurements have been designed. 
In another step, concepts for the combined graphical user interface (GUI) were defined and 
implemented (see WP3). The TILL Live Acquisition (LA) software and the Arivis Browser were 
adapted to meet the requirements of the combi AFM/ILM platform for proper fluorescence image 
data handling. They communicate with the AFM software Agilent PicoView and the AFM-related 
imaging data analysis software Agilent PicoImage (Fig. 2.2).  

Fig. 2.2: The AFM software (Agilent PicoView Version 1.8) and the AFM-related imaging data analysis 
software (Agilent PicoImage) communicate with the Live Acqusition (LA) software of TILL Photonics and the 
arivis Browser. 
 
 



FINAL REPORT  SMW JANUARY 2012 

 

 8 

Work package 3: Software and electronic design 
 
Work package leader: Christian Götze (Arivis) 
Partners involved: TILL, Arivis, Agilent, HEPAG 
 
Summary 
In order to access the full potential of the atomic force microscope (AFM) and inverted light 
microscope (ILM) combination, several electronic control parts and a software must be provided to 
access the AFM and ILM devices, control the single devices, correlate their coordinate systems and 
combine the resulting images. These tasks were worked on in WP3. As a result an integrated 
software system for control and analyze experiments had to be provided. 
 
Task 3.1: AFM software design and electronic controller design 
Agilent successfully completed the design of software required for the control of the AFM, based on 
Agilent’s AFM software PicoView and PicoImage, which provides the AFM elements within the 
GUI. This concept also includes the appropriate firmware and control electronics for the AFM part of 
the combi setup. The firmware of the AFM controller was designed to be able to generate TTL 
pulses whenever predefined events occur and the resulting TTL pulse is subsequently fed into the 
ILM controller, which will trigger the optical measurements. The synchronisation between AFM and 
ILM has to be very fast and reliable due to the ms time scale of biological reactions, which need to 
be followed with the setup.  
 
Task 3.2: ILM software design and electronic controller design 
TILL has completed the design of the software concept for controlling the ILM based on its Live 
Acquisition (LA) software. The new LA GUI concept provides access to all ILM elements and 
allows for setting up and executing real-time protocols. The firmware concept and the control 
electronics for the ILM have also been re-designed and the real-time capabilities of the Imaging 
Control Unit (ICU) could be successfully demonstrated. The ILM controller is used to operate the 
light microscope, camera and light source and is driven by the ILM driver software, which is also 
able to send commands to the AFM driver software via a communication module. 
In addition, HEPAG provided software modules for OT and phase contrast measurements as well as 
a driver software for the SLM control unit to be integrated into the ILM platform and the appropriate 
elements for use in the combined GUI. HEPAG realized a real-time capable software platform for 
generating intensity patterns for photo-bleaching and photo-activation purposes.  
 
Task 3.3: ILM and AFM software integration into combined user interface 
For controlling both microscope devices, hardware connections between the instruments had to be 
developed. The electronic implementation bases on a TTL pulse protocol, generated by the AFM, 
triggering the ILM and controlling basic system tasks of joint optical experiments (see Figure 3.1). 
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Fig. 3.1: Schematic representation of device interfaces. 
 
Basing on these hardware connections between the devices, a software framework was designed and 
implemented. The project partners preferred to extend and integrate the existing special software 
systems over re-implementing everything in one software in order to keep all the expert software 
features for the integrated system. 
Thus, in the SMW context there are 4 different software systems for hardware control and image 
analysis: the TILL Photonics Live Acquisition software (TILL LA) for ILM control, the Agilent 
PicoView (PicoView) software for AFM control, the HOLOEYE software for controlling the spatial 
light modulator (SLM) and the arivis Browser software for image overlay, visualization and analysis. 
To integrate these applications they were connected as shown in Figure 3.2.  
 

 
Fig. 3.2: High level scheme of software scenario. 
 
For the scenarios specified in this project, the integrated system must be able to perform three 
different tasks:  

• Calibrating the two devices to get a transformation between their coordinate systems,  
• Positioning the AFM tip interactively and  
• Acquiring ILM images and correlated AFM Regions of Interest (ROI).  

All of these tasks have to be performed with two different AFM types – the Agilent 5500 AFM and 
the Agilent 6000 AFM. Both devices differ completely, in mechanical construction as well as in 
electronic interfaces. Thus, different calibration and operation modules had to be implemented. 
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Fig. 3.3: Experiment control UI in TILL LA software. 
 
As a result of the software development the application partners could use a powerful AFM-ILM 
software for their experiments (refer to figure 3.3 and 3.4). Each of the four integrated software 
packages has its clearly defined tasks in this setup: 

• TILL LA controls the whole experiment. It performs the calibration procedure and is used as 
the control center to set ROIs and pass parameters and results. Furthermore, it controls all 
ILM parameters. 

• Agilent PicoView is used to control more advanced parameters of the AFM. Moreover, AFM 
images can be pre-processed in this software.  

• HOLOEYE SLM software controls the instruments Spatial Light Modulator 
• Arivis Browser is the visualisation and analysis tool. Combined image sets can be visualised 

in any combination, colour properties can be set and analysis procedures as segmentation can 
be applied. 
 

 
Fig. 3.4: Combined software for controlling the integrated setup. 
 
Conclusion 
In this work package a stable, usable toolkit for everyday work with the combined setup was 
developed and implemented. The existing software systems were highly integrated and the typical 
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workflows (calibration, point scan, ROI scan) were implemented for ease of use. As the evaluation 
work packages showed, electronic and software of the combined setup is highly usable, even for 
complex and sophisticated experiments. 
 
 
Work package 4: Mechanical and optical integration 
 
Work package leader: Sven Krüger (HEPAG) 
Partners involved: TID, Agilent, HEPAG 
 
Summary 
Within the project time HOLOEYE has grown into an independent fabless SLM/microdisplay 
producer for photonic and industrial applications. That is, the application-oriented customization of 
the SLMs was enabled: cell gap, LC-Material, packaging, flex, interpixel gap, AR-coatings etc. 
The implemented SLM was integrated into the MORE™ microscope platform of partner TILL 
Photonics. Furthermore real-time hardware-accelerated CGH calculations were developed  (CUDA, 
Clearspeed), demonstrated and tested with biophotonic applications. 
Optical tweezers with multiple traps and aberration correction, SI and FRAP were implemented and 
tested in the microscope platform. 
 
Task 4.1-4.3: SLM mode for dynamic phase shaping, for shaping intensity patterns and for 
using dynamically altered structured illumination 
Task 4.4: Optical tweezers functionality for force measurements 
 
Introduction 
The general goal in the project for HOLOEYE was the implementation of the liquid crystal on 
silicon (LCOS) spatial light modulator (SLM) technology for biophotonic applications. This 
comprised the development and production of the dedicated SLM and integration of the SLM into 
the commercial microscope platform. 
 
The new SLM 
The existing commercial LCOS phase SLMs are working mostly in a relatively limited spectral 
band. This does not fit commercial requirements for biophotonic applications, because the novel 
microscope products implement numerous of techniques and functionalities at different wavelength 
from blue to IR part of spectrum. The blue-green part of spectrum is well suitable for structural 
illumination, FRAP and TIRF techniques, which were implemented with the developed SLM within 
the project. The IR part was intended mostly for optical tweezers (OT) application. The red part of 
the spectrum was used for SLM-based phase contrast imaging. 
Started with the single wavelength version of our phase-only SLM PLUTO NIR with HD resolution, 
which was compatible with the wavelength of 1064 nm only, we developed in the first reporting 
period and brought to the market a new phase-only broadband SLM PLUTO NIR-II, which was 
integrated into the MORE™ microscope platform of TILL Photonics. The SLM is specified for 
working in the 400-1064 nm spectral band with the full phase modulation over 2pi. 
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Further Customisation 
Within the project time HOLOEYE has grown into an independent fabless SLM producer. This 
allowed further improvement of the SLM technology in the second reporting period, using 
application-oriented customisation, which comprises various options in addressing of the SLM and 
in design of the panel itself.  
In the driving options a new technique was implemented, which decorrelates time-dependent flicker-
noise, hence providing a significant reduction of this kind of noise. The fig. 4.1 show flicker noise 
with standard (left) and with improved (right) addressing (the amplitude mode was used for 
simplicity). As one can see, the flicker noise in this case is much lower (about 6 times) and the base 
frequency of the flicker is two times higher. The last fact is also advantageous, because in most cases 
higher-frequency flicker has lower affect to the performance of the system. The reduction of flicker 
noise, which is typical for all digitally addressed microdisplays, is important for certain applications, 
because it affects the performance of OTs, as well as the performance of SI/FRAP, especially when 
pulsed light source is needed.  

 
Fig. 4.1: Flicker for standard (left) and for optimised (right) addressing.  

The other approach for reduction of the flicker noise is the optimisation of the design of the panel 
itself. The flicker noise is dependent mostly on the addressing frequency, viscosity of the LC 
material used and the cell gap. That is why HOLOEYE produced additional versions of PLUTO 
NIR-II with different cell gaps in the range between 4 and 12 microns. The versions with different 
LC materials were also implemented. 
To analyse phase temporal response in more general way, HOLOEYE implemented a high-speed 
interferometer, based on CCD-line camera, which allows measuring phase response of the panel at 
high frequencies (up to 32kHz).  
The problem of the panel curvature also was addressed here. The curvature of the panel introduces 
aberrations into the system, which can be compensated with the panel itself. This software solution is 
based on the measurement of the wavefront from non-addressed panel (fig. 4.2, left). The addressing 
of the certain phase map compensates the curvature. The procedure can be made at low cost using a 
simple interferometric setup and the software, where phase map can be represented e.g. with Zernike 
polynoms. The interferogram of the compensated panel is shown at fig. 4.2 (right). One can see, that 
only the addressable area of the SLM is compensated. The real-time compensation can be achieved 
using developed Framework PhaseFrame (see below), where the static phase map will be subtracted 
from the holograms, addressed to the display. 
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Nevertheless a hardware solution is preferable here, so another approach 
was to improve design of the panel itself as well as the packaging process. This allows in general 
improving flatness of the panel (fig. 4.3). The performed analysis showed, that the thickness of the 
display coverglass affects the flatness of the panel. The thicker coverglass helps to keep panel flat, 
that is why the versions of NIR-II with the coverglass thickness of 1.1 mm were produced. 
Additional option was the usage of the ceramic stiffener instead of metall. 
Further developments include improvements in light and diffraction efficiency of the SLM. 
Currently wafers with reduced inter-pixel gap (200 nm vs. 500 nm) are ordered and processed. The 
SLMs based on this wafers will be available in the near future.  
 
CGH calculations towards biophotonic applications  
During the second reporting period, HOLOEYE used part of resources to implement an advanced 
software package in order to help developers to realize own real-time algorithms for SI, FRAP and 
OT using GPU calculations. 
 

Fig. 4.4: Screenshot of the sample program, written with the Framework: Real-time hologram calculation of 
the checker board pattern. 
 
For advanced researchers HOLOEYE developed PhaseFrame Framework (Fig. 4.4), which enables 
calculation of holograms on the nVidia graphic card (GPU), using CUDA programming language. 
This Framework allows developers to implement quickly real-time FFT (for up to 3 SLMs 
simultaneously) using as input a still image, image sequence, video data or video stream from extern 
camera as well as data from frame buffer.  
 
Integration of the SLM into the microscope platform 
With the integration of SLM into the MORE™ microscope platform, the following techniques were 
enabled with the SLM: SI, SI TIRF, FRAP, OT.  

 

Fig. 4.3: Interferogram 
of the non-addressed 
PLUTO NIR-II with 
improved flatness. 

Fig. 4.2: Compensation of the curvature of the panel: uncompensated (left), 
compensated with spherical term (middle), full compensated (right). 
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OTs were demonstrated with multi-traps with help of the optical tweezers software developed by 
Institut für Technische Optik (ITO), Stuttgart. The software works in Labview environment and 
allows managing multiple optical traps real-time using GPU computations. 
Fig. 4.5 shows two beads that are trapped in the MORE™ platform with the IR laser (825 nm). The 
size of each bead is 16,3 µm. During experiments also beads of other sizes were trapped (6µm, 
10µm). The number of traps is limited to a large extent only with the power of the laser source.   
 

 
Fig. 4.5: Two beads 16,3um are independently trapped with OT Software, image courtesy J. Madl JLU Linz. 

 
At first, the quality of the trapping laser beam was 
suboptimal and we demonstrated the flexible 
aberration correction with SLM, which could improve 
the spot quality (fig. 4.6). The original non-corrected 
spot has a significant amount of astigmatism and coma 
(fig. 4.6 left). This was corrected with the optical 
tweezers software (fig. 4.6 right). 
The realisation of the SI/FRAP/uncaging techniques is 

very similar with OTs, except of the laser used (480 nm). The calculation of the periodic pattern for 
SI is made usually with iterative Fourier transform algorithm (IFTA). At the fig. 4.7 one can see a 
reconstruction of the biological object, imaged with SI (colour represents the depth). For FRAP, the 
basic algorithms remain the same. Fig. 4.8 shows a FRAP image of the pattern with letters “BIZ”, 
that was generated at the sample plane onto a SIP chart. The SLM can be easily synchronised with 
the camera in order to make quantitative FRAP measurements. Structured illumination for TIRF, 
where SLM is located in the object-conjugated plane, requires block of the zero order. This can also 
be done with the SLM.  

 

Fig. 4.6: Aberration correction of the optical traps: 
aberrated (left) and corrected (right) traps. 

Fig. 4.8: Image of the actin fiber, reconstructed 
from the checkerboard SI measurement, image 
courtesy M. Schropp, BIZ LMU München. 

Fig. 4.7: Experimental FRAP image with 
SIP chart sample (right), image courtesy 
M. Schropp, BIZ LMU München. 
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Task 4.5: CCD-based wide-field imaging with TIRF and focus hold system 
Test experiments have been performed with the novel algorithm for structured illumination to further 
optimise image resolution and the signal-to-noise ratio. This new approach was favoured instead of 
the CCD-based imaging due to a better sectioning and image resolution.  
The observed temperature variations in the ILM causing tiny changes in the output polarisation of 
the lasers and signal changes indistinguishable from changes of the focus position could be solved 
with an optimised TIRF and focus hold system. The focus sensor configuration has been also 
implemented into the acquisition software.  
 
 
Work package 5: Hardware integration and proof of concept building 
 
Work package leader: Rainer Daum (TILL) 
Partners involved: TID, TILL, Agilent, HEPAG 
 
Summary 
In the course of the SMW project, two combi microscope setups have been mechanically built. The 
first workstation was made up of the TILL light microscope platform iMIC and the Agilent AFM 
5500, which was fully functional and achieved satisfactory results in performance and stability tests. 
With this platform, simultaneous topography and recognition imaging was performed on biological 
samples. As soon as the novel light microscope platform MORE™ was available, the HOLOEYE 
SLM was implemented into this platform for multiple microscopic applications. This ILM/SLM 
platform was mechanically combined with the new Agilent AFM 6000 to a fully integrated, highly 
stable and versatile microscope platform.  
 
Task 5.1: Implementation of SLM functionality into ILM-AFM setup 
In a first step, TID and TILL have been working with HEPAG on the implementation of SLM 
functionalities into the light microscope platform. The SLM hardware provided by HEPAG was 
designed into the new TILL microscope platform and a first microscope prototype was built, in 
which the SLM as well as optical components for trans-illumination have been optically and 
mechanically implemented (Fig. 5.1). The SLM was equipped with the new “D”-type of phase 
modulator for a broad waveband (400-1100nm). This device has been characterized for use in OT 
(1064 nm) as well as in optical filter applications (630 nm).  
 
Furthermore, the control electronics, a new DSP control-board, for the ILM were developed and the 
appropriate firmware for real-time control of all required ILM functions and their synchronisation 
with the SLM and AFM was created by TILL. HEPAG provided driver electronics for the SLM.  
In order to use the same SLM both in epi-illumination mode (together with an IR-laser for optical 
tweezers, or with a visible laser as pattern generator for structured light or FRAP) and in transmitted 
light mode as filter element for contrast-enhanced viewing, a special trans-illumination mode had to 
be established, which strikes the sample at small angles only. 
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Fig. 5.1: 3D optical concept (left) and first mechanical prototype (right, turned by 90° to the left) of 
microscope platform with implemented SLM (upper left corner on the right image), two diode lasers and CCD 
camera 
 
Agilent mechanically integrated full AFM functionalities on top of the ILM/SLM setup, including 
the possibility to run TREC measurements, force experiments and imaging (in contact and MAC 
mode). For the mechanical integration of AFM and ILM, the “normal” 4-objective-slider (movement 
in one direction) of the MORE™ platform had to be mechanically modified by TILL. The filter slide 
was equipped with the various filter sets (e.g. for Cy3- and Cy5-like dyes).  
 
The combined ILM/AFM/SLM setup built of MORE™ light microscope and the Agilent AFM 6000 
is shown in Fig. 5.2. The system was equipped with a 828 nm IR laser (for OT) and a TILL 
Oligochrome light source for fluorescence (with excitation filters for GFP, Cy3 and Cy5) and set up 
in an acoustic isolation chamber mounted on a massive stone plate.  
 

Fig. 5.2: The SMW setup. The Agilent AFM 6000 is mounted on a TILL MORE™ stage. The HOLOEYE SLM 
and the 828nm laser are integrated underneath the stage (not visible here, see fig. 5.1). The setup is placed on 
an active dampening system. Everything is isolated acoustically. 
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With the SMW setup the HOLOEYE SLM application software 
can be used to Fourier-transform images and transmit this 
information to the SLM. As shown in the figure 5.3, that 
alignment is good enough to project images into the sample 
plane, at least with a 20x air objective.  
 
Furthermore, the functionality of the AFM in the combi setup 
was intensively tested on fixed T24 cells and it worked 
properly using all required AFM modes (dynamic force 
imaging, force spectroscopy, TREC…). Combined dynamic 
imaging with both brightfield and fluorescence imaging was 
successfully performed using a 20x air objective (see fig. 5.4).  
 
 
 

 
Fig. 5.3: Combined optical microscopy and dynamic AFM imaging on the SMW setup. The AFM scans were 
carried out at the marked section in the brightfield image. The AFM scans were performed in liquid. 
 
Task 5.2: Noise level characterisation 
For a fully functional ILM-AFM setup the noise level for any AFM measurement induced by the 
ILM is a critical point, which had to be characterised in detail. The ILM itself contains moving parts, 
such as filter cubes, objectives. It was clear from the beginning that there will be certain limitations 
for an AFM measurement in terms of what kind of movements or vibrations inside the ILM can be 
tolerated. For instance, moving the filter cube or changing the objective while the AFM tip is 
attached and performing a force-distance cycle in certainly impossible, but luckily this is not 
required by any real-world ILM-AFM applications. 
Therefore the involved partners mainly focused on improving the mechanical interface of the ILM-
AFM and the full integration of the voice-coil z-drive. Finally the damping characteristics of the ILM 
body (made of mineral cast) in combination whit the low-noise z-drive induced a noise level into the 
AFM measurements, which is sufficient to carry out force-distance cycle experiments while running 
a live z-stack (oil objective moves up & down while in contact with the sample cover slide). For 
most application the ILM objective can be set to a distinct focal position (no movement) enabling 
even AFM experiments requiring exceptional low noise levels. While the first test were still 
performed on the iMIC platform, more comprising data were recorded on the much more stable 
MORETM platform, which is of course the natural choice for a combined ILM-AFM setup. 

Fig. 5.2: An image of the token 
“SMW” was projected into the 
sample plane via the HOLOEYE 
SLM application software and the 
SLM. The objective was 20x, air, 
NA=0.5. The bright spot in the 
upper left corner resulted from the 
0th order. 
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Fig. 5.4: Simultaneous topography and recognition imaging; (a) signals coming from the maxima and minima 
of each sinusoidal cantilever oscillation are recorded as topography and recognition images in TREC. (b) A 
specific ligand, attached to an AFM tip via a flexible PEG tether, binds to a target molecule. (c) Simultaneous 
topography (left) and recognition (middle) images of CD1d-α-GalCer complexes using TCR modified AFM 
tips. Recognition sites are indicated by dark spots in the recognition image. The right panel shows the 3D 
topography superimposed with the distribution of receptor spots. The scan size was 1.1×	 1.1 µm2 with the 
height scale ranging from 0 to 0.28 µm on the upper panel and the scan size was 3.2 ×	 3.2 µm2 with the 
height scale ranging from 0 to 0.5 µm on the bottom panel (from Duman et al., 2010). 
 
A high signal-to-noise ratio is particularly important for simultaneous topography and recognition 
imaging (TREC) to explore cell shapes, membrane domains and an accurate localisation of receptor 
binding sites with a resolution of 5 nm. With the SMW setup, theses TREC measurements can be 
combined with fluorescence imaging to determine the overall expression level and the distribution of 
receptor sites on the cell surface. The signal-to-noise ratio achievable with the first prototype of the 
AFM-ILM-combi setup (AFM 5500/iMIC) was high with an apparent spot diameter of 25 nm. 
Results of TREC imaging experiments are shown in Fig. 5.5. 
The noise levels were also measured for force-distance cycles in order to analyse the impact on force 
spectroscopy experiments and we achieved ~12pN peak-to-peak fluctuations in the measured force. 
At this range, biologically relevant receptor-ligand unbinding forces can be easily studied.  
 
 
Work package 6: SMW test, validation and optimisation 
 
Work package leader: David Grandy (Anasys) 
Partners involved: TID, TILL, Anasys, Arivis, Agilent, IFJ PAN, HEPAG, JKU 
 
Summary 
This work package was the most important part of the SMW project, because it aimed at the testing 
and validation of the integrated SMW platform with all its functionalities (ILM, AFM, SLM/OT and 
PTNS) and the optimisation of noise levels and vibration, light efficiency, optical tweezers 
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functionality and many more. Only after the technology partners have successfully finished the 
integration and test of the hardware and software of the SMW microscope, the application partners 
could start with the validation and the specification of additional requirements for their biological 
experiments.  
 
Task 6.1: Verification and optimisation of ILM imaging performance 
Before the integration of ILM and AFM, the optical imaging functionalities of the new ILM 
microscope from TILL have been tested with respect to high speed, low vibration and long-term 
performance with satisfactory results. In parallel the controlling and analysis software was also tested 
intensively. Due to some problems in the calibration process and imaging, the controlling software 
had to be partly redesigned (see also WP3). After re-implementation of the software, further tests 
were started, which showed a general improvement of the acquisition results. With the optimised 
ILM-AFM platform, a number of optical performance tests were performed and for instance, the 
measured point spread function is symmetrical and its dimensions fit to the expected value. 
 
Task 6.2: Verification and optimisation of AFM performance 
The combi AFM was tested using standard AFM imaging and force-distance cycle acquisition. High 
resolution topographical images of protein layers showed resolution of few nanometres while 
molecular recognition imaging showed single molecule detection sensitivity. After optimisation of 
the magnetic coil of the AFM, magnetic AC imaging MAC-mode showed proper performance in 
amplitude-frequency plots as well as phase-frequency plots.  
As a biological test, JKU used the AFM 6000 system to study the distribution of GPI-GFP molecules 
on the T24 cell surface and obtained good correlation between the GFP fluorescence and the anti-
GFP recognition signals. The accuracy of the overlay was proved by optical and topographical 
imaging of FITC beads on the same position. The specificity of the recognised sites was investigated 
by using amplitude block and by injecting free anti-GFP antibody molecules, both of which showing 
convincing results (Fig. 6.1). 

 
Fig. 6.1: Overlay of optical and topographical images of FITC beads. 
 
Further tests were performed (details in 2nd periodic report) and in conclusion, the combined AFM-
optical setup has shown high accuracy for overlay of optical and AFM images. The good correlation 
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between the fluorescence and the recognition images enhanced the reliability of both techniques and 
provided additional information of molecules on cell surface and within the cell.  
 
Task 6.3: Test of PTNS functionality 
Anasys decided to start with the characterisation of pharmaceutical drug morphology using PTNS as 
this is a sample system that we were very comfortable with. We hope to switch to looking at cells in 
the next phase. Shown below are some of the results obtained regarding characterisation of drug 
morphology using photothermal FTIR spectroscopy 
Determining drug morphology is an important issue in the pharmaceutical industry. In this work the 
photothermal technique was used to investigate a model drug supplied by GSK. The PhotoThermal 
technique initially characterised tablets made purely of the drug in its amorphous and crystalline 
forms. Figure 6.2a shows the topographical image of each tablet surface whilst 6.2b shows the 
corresponding photothermal spectra. Whilst there are clear differences in the topography, it is not 
possible to state which surface represents each material. The spectrum of the amorphous material 
shows much broader peaks that that of the crystalline. This is a common observation with IR spectra 
of amorphous materials due to non-specific intramolecular interactions in this state. An investigation 
was then carried out into a mixed system of amorphous and crystalline materials. Figure 6.3a shows 
a topographical image with locations at which photothermal spectra (Figure 6.3b) were obtained. 
Point 1 shows a spectrum characteristic of a crystalline material whilst points 5 and 6 show that of an 
amorphous material. The remaining points, however, appear to show intermediate spectra. It is likely 
that these points are close to the interface between the two materials and that the thermal waves 
travelling through the materials will cause spectral mixing. Subsequent thermal analyses were carried 
out at these locations, using the same thermal probe, to distinguish between the materials, thus 
demonstrating the power of the technique to obtain information on the physical, chemical and 
thermal nature of the sample.  
 
(a) Crystalline  Amorphous  (b) 
 
 
 
 
 
 
Fig. 6.2: (a) AFM topography images (b) photothermal spectra of a crystalline and amorphous model drug.  
 
 
 
 
 
 
 
 
 
 
Fig. 6.3: (a) AFM topography image showing locations at which photothermal spectra (b) were obtained. 

(a) (b) 
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Experimental results on cells 
The procedure is described in detail in the 2nd periodic report. Four cell lines were prepared on glass 
slides before immobilisation on the probe. Once the particle was immobilised the tip was located at 
the focal point of the IR beam so that a spectrum could be measured (fig. 6.4). Spectra were acquired 
at a resolution of 8 cm-1 for a total of 1000 scans.  

 
Fig. 6.4: Schematic digram of the process of immobilisation of cellular material on the tip of the probe. 
 
The aim of this work was to compare cancerous cell lines with noncancerous lines. As mentioned 
previously there are four lines in total, two pairs each of homologous cell lines. Within each pair 
there was a cancerous and non cancerous cell line. To compare the spectra within each pair, the three 
individual spectra were averaged and overlaid (see detailed figures in 2nd periodic report and Fig. 6.5 
below).  
 
Concluding remarks 
The results show that it is possible to obtain IR spectra of small amounts of cellular material with the 
PTMS technqiue. In accordance with previosuly reported work using conventional techniques, 
spectral signatures were observed for cancerous lines by comparing ratios of specific peaks. In these 
studies several measurements were made (at least ten) of each cell line to establish a true spectral 
signature. It was therefore agreed that many more repeat measurements would be carried out on fresh 
samples. 
 
Task 6.4: Establishment of test system for cancer cell recognition 
Two human bladder cell lines (HCV29 – non-malignant cancer of cell urether and T24 transitional 
cell cancer of bladder) were chosen as a model system used to test capability of AFM to identify 
cancerous cells. The studied bladder cells are different in many features - they have different 
morphology, actin filaments and microtubules organization, and N-cadherin expression.  
The structure of cancerous T24 cells revealed quite different morphology as for example cell nucleus 
with irregular shape and cytoplasm less rich with organelles resulting in homogenous image of cell 
interior by TEM. The cell membrane is smoother, and there are fewer protrusions present on its 
sided. The observed differences in cell morphology of single cells were the criteria for choosing 
these cells as model system. 
 
Task 6.5: Characterisation of chemical composition of cellular structures 
The aim of this work was to compare cancerous cell lines with reference cell lines (non-malignant in 
case of bladder and less-differentiated cancer in case of melanoma). As mentioned previously there 
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are four lines in total, two pairs each of homologous cell lines. Within each pair there was a 
cancerous and reference cell line.  

a)  b)  
Fig. 6.5: a) The average IR spectra for studied cell lines: HCV29 – non-malignant transitional epithelium of 
urether (blue); T24 – transitional cell cancer of bladder (red); WM115 – melanoma cells from primary tumor 
site on skin (green), and WM266-4 – melanoma cells from metastasis to skin (magenta). b) Raw data with the 
fits. The ratio between peaks centred at 1035 cm-1 and 1087 cm-1 corresponds to the level of glycogen 
consumption. 
 
Test measurements with Raman spectroscopy have been carried out in order to define the differences 
between the studied cells – human bladder (HCV29 and T24) and melanoma (WM115 & WM266-4) 
cell lines. The obtained results showed major difference within the range 1000-2000 cm-1 and 500-
1400 cm-1 for bladder and melanoma cells. Afterwards, the IR spectra for the four studied cell lines 
were measured and the corresponding pairs of cells, i.e. HCV29 with T24 and WM115 with 
WM266-4, were compared.  
To compare the spectra within each pair, the three individual spectra were averaged and overlaid 
(Fig. 6.5). Based on this data, the spectral signature of cancer progression was calculated. The R-
value for non-malignant cells varies from 0.6 to 0.8. The R = 753 obtained for non-malignant 
HCV29 cells lies within the limits of this range. For malignant cells, the R-value should be equal to 
or smaller than 0.5, which corresponds well the obtained values for T24, WM115 and WM266-4 
cells.  
The results show that it is possible to obtain IR spectra of small amounts of cellular material with the 
PTMS technqiue. In accordance with previosuly reported work using conventional techniques, 
spectral signatures were observed for cancerous lines by comparing ratios of specific peaks.  
 
Task 6.6: Test of trapping capabilities and force calibration system 
After optimisation of the poor light efficiency of the OT system (cf. WP4 and WP5) and substantial 
increase of laser power, the trapping capabilities of the setup were tested with beads of different sizes 
and the results showed that the number of traps is limited only by the power of laser source.  
 
Task 6.7: Test of AFM functionalities on living cells 
The goal of this task was to established AFM functionalities by (1) characterisation of the cellular 
stiffness accompanied by imaging the cytoskeleton using optical microscope; (2) establishing the 
model for single molecule interactions; (3) elaboration of sample preparation; and (4) establishing 
test system for cancer recognition. 
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(1) Characterisation of the cellular stiffness (AFM) and actin filaments imaging (fluorescence 
microscope) 
It is known that differences between non-malignant and malignant cells are larger than between 
normal and non-malignant cells. Therefore, the two human bladder cell lines were chosen as a 
model, reference system. They were non-malignant transitional epithelial cell of urether (HCV29) 
and transitional cell carcinoma of urine bladder (T24). These cells are characterised by distinct shape 
and distribution of actin filaments, enabling the correlation between the fluorescent images and 
surface topography measured by AFM (Fig. 6.6).  
 

 
Fig. 6.6: (left) Morphology of human bladder (HCV29 & T24) cells visualised by AFM topography imaging 
and fluorescent staining of actin filaments by phalloidin labelled with Alexa Fluor 488. These changes were 
accompanied by distinct elastic properties (right).  
 
(2) Model for single molecule interactions in cancerous cells 
The measurement of N-cadherin expression in T24 and HCV29 cells using Western blot (left) and 
fluorescence microscopy (upper right corner) showed its various levels depending on the type of the 
studied cells (Fig. 6.7). 

 
Fig. 6.7: Measurement of N-cadherin expression in T24 and HCV29 cells using Western blot (left) and 
fluorescence microscopy (upper right) and measurement of unbinding force using AFM (down right). 
 
The larger N-cadherin expression was detected in cancerous T24 cells as compared to HCV29 ones. 
Both the abundance and unbinding force was determined delivering information on larger amount of 
N-cadherins and on larger unbinding force (above 2 fold) pointing out the formation of more stable 
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complexes in cancerous cells. With this data, a model system basing on elasticity measurements and 
N-cadherin expression in human bladder cells has been developed.  
 
(3) Sample preparation for AFM- based recognition measurements 
Within this task, the detailed growth conditions and steps for sample preparation were intensively 
tested and defined both for the separate growth of cells and for the simultaneous growth of two cell 
lines. They are described in detail in the 2nd periodic report. 
 
(4) Test system for cancer recognition 
The observed distinct elastic properties of bladder cells together with morphological differences were 
the basis for cancer cell recognition studies. Each cell line was cultured both separately and as a 
mixture of two corresponding cell types i.e. HCV29 together with T24 cells.  
Once a mixture of cells was prepared, the AFM-based elasticity measurements have been performed 
on unstained cells. For each single cell, the Young’s modulus was calculated showing the 
dependence of the Young’s modulus versus cell number ordered as a function of time. If there is no 
deviation from the mean, the obtained Young’s modulus is not affected by other external factors 
influencing the cell elasticity. The average elasticity of non-malignant HCV29 cells was 4-fold larger 
than that of cells from malignant cell cancer of bladder. The mixed cells showed two modulus values 
that overlapped with those obtained for each cell line separately. The obtained values of the elastic 
modulus were in good agreement with those measured earlier, so with this data a reliable test system 
for cancer recognition could be established. 
 
 
Work package 7: Developing the SMW towards an accurate tool for cancer 
detection 
 
Work package leader: Malgorzata Lekka (IFJ PAN) 
Partners involved: IFJ PAN 
 
Task 7.1: Cancer recognition using the SMW platform 
The goal of this task was the characterisation of morphological properties of cancerous cells alone 
using both optical and fluorescence imaging. The cell morphology of studied cell lines (melanoma 
and bladder cells) has been characterized using optical and fluorescence microscopy. Two types of 
samples were studied. Those containing only one cell type (either non-malignant bladder HCV29 or 
malignant bladder T24 or not-metastatic melanoma WM115 or metastatic melanoma WM266-4 
cells) or two corresponding cell types mixed (i.e. pairs of two bladder or two melanoma cell lines). 
Imaging was carried out as a function of time of co-existence of two cell types. Cells were visualised 
through staining of actin filaments using phalloidin labelled fluorescently with Alexa-Fluor 488. To 
verify the growth conditions the doubling time was determined for cells grown separately and in co-
cultures. 
 



FINAL REPORT  SMW JANUARY 2012 

 

 25 

A) B)  
Fig. 7. 1: Morphology of human (A) bladder (HCV29 & T24) and melanoma (WM115 & WM266-4) cells 
visualized by AFM topography imaging and fluorescent staining of actin filaments by phalloidin labelled with 
Alexa Fluor 488. 
 
Task 7.2: Quantitative description of cancer cell parameters 
Quantitative description of the expression of cell surface molecules (distribution, interaction 
forces, binding/unbinding kinetics) 
The expression of N-cadherin has been studied in bladder and melanoma cells in search of 
differences both in an unbinding force and distribution on a cell surface. The measurements of the 
unbinding force as a function of loading rate, performed for melanoma cells, showed distinct 
unbinding kinetics. The obtained TREC images showed the N-cadherin distribution directly on a 
surface of melanoma cells. 
These results were partially presented in February 2011 at the XIII Linz Winter Workshop as a 
poster presentation “Unbinding properties of N-cadherin in Human Bladder Cancer”.  
 
Determination of stiffness of cancerous cells via AFM und 2nd harmonics imaging 
The AFM measurements of cancer cell elasticity using AFM are completed. The analysis of the 
stiffness dependence of as a function of the indentation depth showed the decrease the of the 
Young’s modulus with the increase of the indentation depth. However, the relation between 
melanoma cells (WM115 & WM266-4) remained the similar. Independently of the indentation 
depth, the WM266-4 are always more deformable as compared to cells originating from primary 
tumour site.  
 
The 2nd harmonics imaging was performed using AFM-ILM-OT platform. The results showed that 
distribution of storage and loss modulus is more homogenous in melanoma cells coming from 
metastasis to skin (WM266-4), what was conformed by the fluorescent microscopy showing less 
differentiated actin cytoskeleton in these cells. 
 
Quantification of cytoskeleton organisation (relative Young’s modulus value) 
To quantify the observed alterations in cell elastic properties, the 2D-distribution maps of the 
Young’s modulus are created based on the AFM elasticity measurements. Both in histograms and in 
2D-maps two fractions of the Young’s modulus were observed i.e. softer one corresponding to places 
where AFM probe indents only cell membrane and more rigid fraction related to probing the actin 
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filaments underlying beneath cell membrane. The fraction of stiffer filaments was larger for non-
malignant cells (HCV29) as compared to malignant counterpartner (T24), and also for melanoma 
cells from primary tumour site (WM115). The results were verified by 2nd harmonics imaging 
performed using SMW platform. 
 
Quantification of correlation between the Young’s modulus and cancer malignancy 
The metastatic cells independently on the cell studied are characterized by higher deformability 
(lower Young’s modulus) independently on the indentation depth dependence.  
 
Visualisation of cytoskeleton by fluorescence imaging 
Visualisation of cell cytoskeleton (actin filaments and microtubules) were performed using both 
AFM and fluorescence microscopy in order to find the correlation with the state of cells (non-
metastatic or metastatic one). Four different cell lines, human bladder (non-malignant HCV29 & 
malignant T24) and melanoma (non-metastatic WM115 & metastatic WM266-4), have been 
measured in physiological conditions. The differences between actin filaments organization in their 
cytoskeletons have been observed using AFM, and verified through fluorescence microscopy by 
staining them with fluorescently labelled phalloidin.  
 
 
Work package 8: Application of SMW to the immunological process of T cell 
activation 
 
Work package leader: Peter Hinterdorfer (JKU) 
Partners involved: JKU 
 
Task 8.1: Establishment of test system for T cell activation using AFM-mediated stimulation 
For the experiments of T cell activation, both the biological systems and the measurement instruments 
have been established. Jurkat T cell (human cell line, TIB-152) can be maintained using normal cell 
culture procedure. Immobilization of T cells have been tested with bare glass slides, epoxy functionalised 
glass slides, and poly-L-lysine coated glass slides. T cells can be gently adsorbed on bare glass surface. It 
is possible to approach the AFM cantilever onto the living Jurkat cell and measure the force-distance 
curves for 1000 times, which supports the feasibility of T cell activation experiment. The above 
experiments were tested with two AFM systems: Agilent AFM5500 and AFM6000. The X and Y 
translation systems worked very well. The activation of the T cells is monitored by the fluorescence 
measurement of the calcium response in the cell. The optical microscope more from TILL is equipped 
with Fura-2 filter set, which can continuously switch between 340 nm and 380 nm for excitation. The 
software Live Acquisition from TILL provides the option of the online calculation of the ratio of the 
fluorescence signals from the two channels which allows the quick and sensitive monitoring of the 
change of calcium concentration in the cells.  
 
Task 8.2: Characterisation of the interaction of CD3 with Jurkat T cells 
For AFM imaging and force-distance curve measurements, fixed Jurkat cells were prepared. The fixed 
cell sample was at first measured with contact-mode AFM imaging in PBS by a soft cantilever with a 
spring constant of 10 pN/nm. From the topography (Figure 8.1), we can see that the Jurkat cells have a 
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Figure 8.1: AFM image 
of fixed Jurkat cells. Scale 
bar: 5 micron. 

diameter of about 10 µm and the cell surface is not too rough. Therefore, 
cantilever tip functionalised with OKT3 was used to measure the 
simultaneous topography and recognition (TREC) images (Figure 8.2) on 
the top of the fixed Jurkat cell. The upper panel shows the topography 

(left) and recognition (right) 
images measured before 
block. From the recognition 
image, we can see that there 
are some nano-domains of CD3 molecules on the Jurkat cell 
surface. To examine the specificity of the recognition 
events, block experiment was performed by injection of free 
anti-CD3 antibody into the measurement solution. The 
images after the block are shown in the lower panel of 
Figure 8.2. The topography is still similar to that before 
block. However, most of the recognition signal is reduced. 
 
We also used the OKT3 functionalised cantilever tip to 
measure the force-distance curves on the Jurkat cell. Two 
typical curves with binding events are shown in Figure 
8.3(A and B). From measurements of more than 100 curves, 
the statistic distribution of the unbinding force between the 
OKT3 tip and the Jurkat cell can be obtained (Figure 8.3C).  

 
 

Figure 8.3: (A, B) Typical force-distance curves measured on Jurkat cell with the tip functionalised with 
OKT3. (C) Distribution of unbinding force between OKT3 tip and the Jurkat cell measured with scanning 
range of 1 µm and scanning time of 8 s/cycle. 
 
The force-distance curves were also measured with different force loading rate by using different 
scanning time and scanning range. It was found that the unbinding force is proportional to the logarithm 
of the force loading rate. 
 
Task 8.3: Quantification of T cell triggering and response 
The experiment configuration for the activation of living Jurkat cells is shown in Figure 8.4. The 
cantilever tip was treated with APTES, conjugated with NHS-PEG-aldehyde or NHS-PEG-acetal 
crosslinker, and covalently linked with anti-CD3 antibody (OKT3). Living Jurkat cells were loaded with 
Fura-2 before the activation experiment. During the experiment, the functionalised cantilever tip was 
used to continuously measure the force distance curves on a randomly selected cell. Meanwhile, the 

Figure 8.2: Topography (left) and 
recognition (right) images before (upper) 
and after (lower) block by OKT3 on 
Jurkat cells measured by tip 
functionalised with OKT3.  
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Figure 8.4: Experiment 
configuration for T cell 
activation with 
functionalised cantilever tip. 

fluorescence images were continuously recorded at two excitation 
wavelengths: 340 nm and 380 nm. The ratio of the fluorescence 
signal from the two channels was calculated, which can sensitively 
monitor the change of the calcium concentration in the cell. One 
example of the measurement was shown in Figure 8.5. In panel A, 
the functionalised cantilever tip was localised above a Jurkat cell. 
Before force-distance curve measurement, the calcium concentration 
in this cell is as low as most of other cells, and after the force-
distance curve measurement was started for about 3.5 min, the 
calcium concentration in this cell became higher. The results in Fig. 
8.5 clearly demonstrated the increase of calcium concentration in this 
cell.  

As a control experiment, we performed the measurement with a 
cantilever tip functionalised with non-specific goat IgG and none of the 
cells could be activated. 
 
In conclusion, the single molecule workstation has been successfully used for the experiment of T cell 
activation by functionalised cantilever tip. The Jurkat cells are much more active in HBSS with Ca++ & 
Mg++ and with 10% FCS at 37°C than in PBS at room temperature. The cantilever tip functionalised with 
non-specific goat IgG cannot activate the Jurkat cell, but the tips with anti-CD3 antibody can. The 
recognition imaging revealed that there are nano-domains of CD3 molecules on the Jurkat cell. The 
force-distance curve measurements at different force loading rate allowed the calculation of energy 
landscape of the interaction between the anti-CD3 antibody tip and the Jurkat cell. 
 

 
Figure 8.5: (A) A cantilever tip functionalised with OKT3 was approached to a Jurkat cell loaded with Fura-
2. (B) Before force-distance curve measurement, the calcium concentration in the cell under the cantilever tip 
is low as indicated by the ratio of fluorescence signals excited by 340 nm and 380 nm. (C) After the force-
distance curve measurements were started for 228 s, the calcium concentration in the cell under the tip 
increased significantly, which showing the activation of the T cell. (D) The Fura ratio signal of the cell 
measured by the tip indicates that the cell was activated about 3.5 min after the start of the force-distance 
curve measurement, and that the increase of calcium concentration lasted for about 70 s. 
 
Additional Task: Study of High-Density-Lipoprotein particles (HDL) and the transfer of lipids to 
cells by the optical tweezers (OT) 
Details of this task have been reported in the 2nd periodic report and deliverable D6.3. In conclusion, the 
optical tweezing capability of the SMW setup was applied for studying lipid transfer from HDL particles 
to living cells. We developed three different functionalisation strategies. All of them are straight forward 
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and easy to implement without the need for sophisticated surface chemistry. The protocols described here 
should be applicable to a large number of biomolecules for various OT experiments. We found specific 
binding of HDL-coated beads to living cells with SRB1 whereas cells without SRB1 yielded no binding 
events. The interaction force even surpassed the maximal trapping force of the OT setup. Despite the 
strong binding we found no specific transfer of DiI from the HDL-coated beads to the cell. With respect 
to the AFM transfer experiments, this observation indicates that force plays an important role in the 
transfer mechanism. OT has a lower force range than AFM. Furthermore, in AFM the force is 
concentrated in a sharp tip, which increases the effective force applied between HDL particles and the 
plasma membrane. Our observations here indicate the importance of further studying this process in more 
detail. 
 
 
1.4. Potential impact (including socio-economic impact and wider societal 

implications of the project) and main dissemination activities and exploitation of 
results 

 
1.4.1. Potential impact 
 
Understanding how cells function requires characterising not only the molecular constituents of the 
cell, as afforded by the family of “-omics” disciplines, but also their spatio-temporal interplay. The 
two microscopes combined in the results of the project approach this goal from different sides, from 
the outside with maximal spatial resolution (AFM), and from the inside of the cell, with maximal 
temporal resolution. The possibility to gain overlapping information combined with two different 
approaches to initiate and modulate cellular responses, mechanically from outside and by light from 
the inside, opens a whole new dimension for characterizing and eventually understanding cell 
function. 
 
 
1.4.2. Dissemination activities and exploitation of results 
 
Beginning at the end of the first period, but mainly in the second period, the results of the SMW 
project were made available to the public in a variety of dissemination demonstration activities, such 
as the participation in scientific and industrial conferences and the publication of project results in 
scientific journals. The dissemination activities of the project period are listed in detail in Template 
A1, but the main activities were the following: 
 
Conferences 
- 3rd International Workshop HoloMet 2010 (June 13-16) on Perspectives of Optical Imaging and 
Metrology in Balatonfüred, Hungary 
- XIII Linz Winter Workshop 2011 (February 4-7) in Linz, Austria 
- AFM Biomed 2011 (August 23-27) in Paris, France 
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Publications 
- Duman M. et al., “Improved localization of cellular membrane receptors using combined 
fluorescence microscopy and simultaneous topography and recognition imaging”, Nanotechnology, 
2010, No. 21(11):115504 
- Lekka M. et al., “Characterization of N-cadherin unbinding properties in non-malignant (HCV29) 
and malignant (T24) bladder cells”, Journal of Molecular Recognition, 2011, 24(5), 833-42 
- Pogoda K. et al., “AFM depth-sensing analysis of cytoskeleton organization in fibroblasts based on 
AFM data”, Eur. Biophys. J. (Oct 2011) 
- Woerdemann M. et al., “Controlling ghost traps in holographic optical tweezers”, Optics Letters, 
36, 3657-9 (2011) 
 
 
2. Use and dissemination of foreground 
 
The research work carried out in SMW project aimed at developing an integrated ILM-AFM-OT 
platform with possible PTNS extension. Such tool can have a major impact for the biology 
community and hence it was extremely important to plan the dissemination activities for propagating 
the project results to the largest number of potential users.  

Since the topics of the SMW project were not especially suited for non-specialised general audience, 
we also made an effort to reach a wider public than the scientific community, through press releases, 
disclosing the main achievements in an understandable way for European citizens and through 
presentations given on conferences and workshops for a more industrial audience. 

Synergy with education levels was also foreseen towards the participating universities. The 
universities have integrated some of their SMW activities and result in the curricula, and several PhD 
students have been involved in SMW research activities and became very familiar with the SMW 
setup when performing the biological experiments. TID will also provide a microscope setup to the 
BioImaging Zentrum of the Ludwig-Maximilians-Universität München, with which it is closely 
collaborating for many years now. This ensures the technology transfer from industry to research and 
will help to foster academic research and education in biological and biophysical subjects. 

Goal of the project was to develop new features for both the AFM- and the light microscope part of 
the instrumentation. One should be able to use them not only together, but also separately. Thus a 
number of features, developed in the course of the project, have meanwhile been turned into product 
features and are available as individual instrument modules from Agilent (AFM related) and TILL 
Photonics (light microscopy). There are more to come after the conclusion of the project, and the 
commercial success will thus not only rely on the success of a combined instrumentation, but also on 
the success of the two individual system modules. 
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Section A (public) 

TEMPLATE A1: LIST OF SCIENTIFIC (PEER REVIEWED) PUBLICATIONS 

NO. Title 
Main 

author 

Title of the 
periodical or 
the series 

Number, 
date or 

frequency 
Publisher 

Place of 
publication 

Year of 
publication 

Relevant 
pages 

Permanent 
identifiers  

(if available) 

Is/Will open 
access 

provided to 
this 

publication? 

1 “Improved localization of 
cellular membrane receptors 
using combined fluorescence 
microscopy and 
simultaneous topography 
and recognition imaging” 

Duman M. Nanotechnology No. 
21(11):11550
4, 115504 
PMID: 
20173232 

IOP 
Publishing 

Bristol, UK 2010 7pp. http://iopscience.iop.or
g/0957-
4484/21/11/115504/ 
DOI: 10.1088/0957-
4484/21/11/115504 

no 

2 “Stable, non-destructive 
immobilization of native 
nuclear membranes to micro-
structure PDMS for single-
molecule force 
spectroscopy” 
 

Rangl M. European 
Journal of 
Chemical 
physics and 
physical 
chemistry 

No. 10(9-10) 
PMID: 
19507204 

Wiley Hoboken, US 2009 1553-1558 http://www.ncbi.nlm.ni
h.gov/pmc/articles/PM
C3013320/ 
DOI: 10.1002/cphc.20
0900219 

yes 

3 “Nanomechanical recognition 
measurements of individual 
DNA molecules reveal 
epigenetic methylation 
patterns” 

Zhu R. Nature 
Nanotechnology 

No. 5(11) 
PMID: 
21037576 

Nature 
Publishing 
Group 
(Macmillan 
Publishers) 

London, UK 2010 788-791 http://www.ncbi.nlm.ni
h.gov/pmc/articles/PM
C3108878/ 
DOI: 
10.1038/nanno.2010.2
12 

yes 

4 “Characterization of N-
cadherin unbinding 
properties in non-malignant 
(HCV29) and malignant 
(T24) bladder cells” 
 

Lekka M. Journal of 
Molecular 
Recognition 

No. 24(5) 
PMID: 
21812057 

Wiley Hoboken, US 2011 833-842 http://onlinelibrary.wile
y.com/doi/10.1002/jmr.
1123/full  
DOI: 10.1002/jmr.1123 

no 
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5 “Depth-sensing analysis of 
cytoskeleton organization in 
fibroblasts based on AFM 
data” 

Pogoda K. European 
Biophysics 
Journal 

No. 41(1) 
PMID: 
22038077 

SpringerLink Berlin, 
Germany 

2011 79-87 http://www.springerlink
.com/content/er45365
742024j6x/ 
DOI: 10.1007/s00249-
011-0761-9 

no 

6 “Cancer cell detection in 
tissue sections using AFM” 

Lekka M. Archives of 
Biochemistry 
and Biophysics 

Epub 
PMID: 
22209753 

Elsevier Amsterdam, 
Netherlands 

2011 Epub ahead 
of print 

http://dx.doi.org/10.10
16/j.abb.2011.12.013 

no 

7 “Controlling ghost traps in 
holographic optical tweezers” 

Hesseling 
C. 

Optics Letters Vol. 36(18) Optical 
Society of 
America 
(OSA) 

Washington 
DC, US 

2011 3657-3659 http://www.ncbi.nlm.ni
h.gov/pubmed/219314
23  
DOI:10.1364/OL.36.00
3657 

no 

8 “LCOS Spatial light 
modulators: trends and 
applications” 

Lazarev G. Advances in 
optical imaging 
and metrology 

Book chapter Wiley Hoboken, US 2012 In press n.a. no 

9 “Linking of sensor molecules 
with amino groups to amino-
functionalised AFM tips” 

Wildling L. Bioconjugate 
Chemistry 

No. 22(6) ACS 
publications 

Washington 
DC, US 

2011 1239-1248 http://www.ncbi.nlm.ni
h.gov/pmc/articles/PM
C3115690/?tool=pub
med 
DOI:10.1021/bc20009
9t 

yes 
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TEMPLATE A2: LIST OF DISSEMINATION ACTIVITIES 

No. 
Type of 
activities 

Main 
leader 

Conference title 
Title of presentation/poster 

Date Place 
Type of 

audience 
Size of 

audience 
Countries 
addressed 

1 Website TID SMW project website 2009 http://www.tii-
id.com/smw.html 

Scientific 
community, 
industry 

WWW World 

2 Press release / 
web 

Agilent Success story “EU-Research 
Story” (CATT) 
“SMW – a new dimension in cell 
research due to expert know-how 
from Linz” 

12 January 2009 (de) 
10 March 2009 (en) 

http://www.catt.at/files/Succe
ss_Story_SMW.pdf 
 

Scientific 
community, 
industry 

WWW World 

3 Conference 
(poster) 

HEPAG Trends in Optical 
Micromanipulation II 

11-16 April 2010 Obergurgl, Austria Scientific 
community, 
industry 

250 Europe, US 

4 Conference 
(presentation) 

HEPAG Deutsche Gesellschaft für 
Angewandte Optik 
“Comparison of Hard-and 
Software Implementations for 
CGH-Calculations for LC-
Microdisplays and Application 
Using a Holographical Optical 
Tweezer” 

25-29 May 2010 Wetzlar, Germany Scientific 
community, 
industry 

250 Germany 

5 Workshop 
(presentation) 

HEPAG 3rd International Workshop 
HoloMet (organised by HEPAG) 
„Spatial light modulators as 
wavefront processors“ 

13-16 June 2010 Balatonfüred, Hungary Scientific 
community, 
industry 

50 World 

6 Workshop 
(poster) 

IFJ PAN XIII Linz Winter Workshop 
“Unbinding properties of N-
cadherin in Human Bladder 
Cancer” 

4-7 February 2011 Linz, Austria Scientific 
community, 
industry 

200 World 
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7 Workshop 
(poster) 

IFJ PAN XIII Linz Winter Workshop 
“Cytoskeleton Organization in 
Cancerous Cells” 

4-7 February 2011 Linz, Austria Scientific 
community, 
industry 

200 World 

8 Workshop 
(poster) 

IFJ PAN XIII Linz Winter Workshop 
“AFM depth-sensing analysis of 
cytoskeleton organization in living 
cells” 

4-7 February 2011 Linz, Austria Scientific 
community, 
industry 

200 World 

9 Workshop 
(presentation) 

TID EU-Forschungsförderung 2011 
– Forschung für KMU 
“SMW as exemplary NMP project 
coordinated by a Bavarian SME“ 

10 May 2011 Nürnberg, Germany Industry 100 Germany 

10 Conference 
(poster) 

JKU AFM Biomed 
„Combined AFM and 
fluorescence microscopy for cell 
stimulation and substance 
delivery“ 

23-27 August 2011 Paris, France Scientific 
community 

200 World 
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Section B (Confidential or public: confidential information to be marked clearly) 
 
The applications for patents, trademarks, registered designs, etc. are listed in template B1 provided hereafter.  

 

TEMPLATE B1: LIST OF APPLICATIONS FOR PATENTS, TRADEMARKS, REGISTERED DESIGNS, ETC. 

Type of IP 
Rights: 

Confidential 
Click on 
YES/NO 

Foreseen embargo 
date 

dd/mm/yyyy 

Application reference(s) 
(e.g. EP123456) 

Subject or title of application 
Applicant (s) (as on the 

application) 
 

Patent (DE) Yes 20 years 
(31/12/2031) 

DE 10 2011 114 500.5 Mikroskopvorrichtung TILL I.D. GmbH 
Ludwig-Maximilians-
Universtität München 
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TEMPLATE B2: LIST OF EXPLOITABLE FOREGROUND (TECHNOLOGY, PRODUCT ETC.) 

Type of 
Exploitable 
Foreground 

Description 
of exploitable 
foreground 

Confi-
dential 

Click on 
YES/NO 

Foreseen 
embargo 

date 
dd/mm/y

yyy 

Exploitable 
product(s) or 
measure(s) 

Sector(s) of 
application 

Timetable, 
commercial or 
any other use 

Patents or other 
IPR exploitation 

(licences) 

Owner & Other 
Beneficiary(s) 

involved 

Commercial 
exploitation of 
R&D results 

New 
broadband 
panel for 
PLUTO SLM 

no n.a. NEW SLM PLUTO 
NIRII 

1. Research 
2. Industrial 

2009 
TBD 

 HOLOEYE 

Commercial 
exploitation of 
R&D results 

Software 
Framework 

no n.a. Framework for 
real-time 
calculations of 
holograms on GPU 

Supporting 
product for 
PLUTO SLM 

2012 (planned)  HOLOEYE 

Commercial 
exploitation of 
R&D results 

novel 
algorithm for 
structured 
illumination 

yes 20 years Microscopic 
accessory 

Life science 
research 

2013 (planned) Patent application TILL I.D. 

General 
advancement of 
knowledge 

Improvements 
in light 
microscopy 

yes n.a. novel techniques 
for structured 
illumination 

life science 
research 

2013 (planned)  TILL I.D., TILL 
Photonics 

General 
advancement of 
knowledge 

Improvements 
in light 
microscopy 

no n.a. New focus hold 
system 

life science 
research 

2012  TILL I.D., TILL 
Photonics 
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HOLOEYE 
The demand on the high resolution phase SLM that we have seen during the project and the 
feedback from the project partners, have motivated the development of the new 4k 
microdisplay with appropriate investments gathered by our company. 
 
The software Framework for GPU computations for holographic SLM-applications is 
intended to further stimulate the application development in the field of microscopy in 
biophotonics. 
 
 
TILL I.D. 
The novel algorithm for structured illumination microscopy (SIM) allows for high resolution 
images and therefore will be of high interest in life sciences and cell biology research. A 
patent application has been filed by TILL I.D. and it is foreseen that the novel technique will 
be implemented in TILL’s light microscopy platform to make it more attractive on the life 
science and biophotonics market.  
 
TILL I.D., TILL Photonics 
There were two main advances in light microscopy achieved in the project.  
The research on different techniques for structured illumination leeds to a diversification of 
microscopy with TILL’s MORE™ platform and allows the biological user to get higher 
resolution images by simple technical means. 
The optimised focus hold system improves the image quality especially in long-term 
experiments and allows the user to easily find and go back to a previous focus position. 
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3. Report on societal implications 
 
Replies to the following questions will assist the Commission to obtain statistics and 
indicators on societal and socio-economic issues addressed by projects. The questions are 
arranged in a number of key themes. As well as producing certain statistics, the replies will 
also help identify those projects that have shown a real engagement with wider societal issues, 
and thereby identify interesting approaches to these issues and best practices. The replies for 
individual projects will not be made public. 
 
 

A General Information (completed automatically when Grant Agreement number is 
entered. 

 Grant Agreement Number: 
NMP4-SE-2008-213717 

 Title of Project: 
Single Molecule Workstation (SMW) 
 Name and Title of Coordinator: 
Dr. Rainer Uhl 

B Ethics  
 

1. Did your project undergo an Ethics Review (and/or Screening)? 
 
• If Yes: have you described the progress of compliance with the relevant Ethics 

Review/Screening Requirements in the frame of the periodic/final project reports? 
 
Special Reminder: the progress of compliance with the Ethics Review/Screening Requirements should be 
described in the Period/Final Project Reports under the Section 3.2.2 'Work Progress and Achievements' 
 

 
 

0Yes ⊗No 

2.      Please indicate whether your project involved any of the following issues (tick 
box) : 

YES 

RESEARCH ON HUMANS 
• Did the project involve children?  NO 
• Did the project involve patients? NO 
• Did the project involve persons not able to give consent? NO 
• Did the project involve adult healthy volunteers? NO 
• Did the project involve Human genetic material? NO 
• Did the project involve Human biological samples? NO 
• Did the project involve Human data collection? NO 

RESEARCH ON HUMAN EMBRYO/FOETUS 
• Did the project involve Human Embryos? NO 
• Did the project involve Human Foetal Tissue / Cells? NO 
• Did the project involve Human Embryonic Stem Cells (hESCs)? NO 
• Did the project on human Embryonic Stem Cells involve cells in culture? NO 
• Did the project on human Embryonic Stem Cells involve the derivation of cells from Embryos? NO 

PRIVACY 
• Did the project involve processing of genetic information or personal data (eg. health, sexual 

lifestyle, ethnicity, political opinion, religious or philosophical conviction)? 
NO 

• Did the project involve tracking the location or observation of people? NO 
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RESEARCH ON ANIMALS 
• Did the project involve research on animals? NO 
• Were those animals transgenic small laboratory animals? NO 
• Were those animals transgenic farm animals? NO 
• Were those animals cloned farm animals? NO 
• Were those animals non-human primates?  NO 

RESEARCH INVOLVING DEVELOPING COUNTRIES 
• Did the project involve the use of local resources (genetic, animal, plant etc)? YES 
• Was the project of benefit to local community (capacity building, access to healthcare, education 

etc)? 
YES 

DUAL USE   
• Research having direct military use NO 
• Research having the potential for terrorist abuse NO 

C Workforce Statistics  
3.       Workforce statistics for the project: Please indicate in the table below the number of 

people who worked on the project (on a headcount basis). 

Type of Position Number of Women Number of Men 

Scientific Coordinator   0 1 
Work package leaders  1 7 
Experienced researchers (i.e. PhD holders)  3 17 
PhD Students  2 4 
Other  3  0 
4. How many additional researchers (in companies and universities) were 

recruited specifically for this project? 
2 

Of which, indicate the number of men:  
 

2 
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D   Gender Aspects  
5.        Did you carry out specific Gender Equality Actions under the project? 
 

 
 

Yes 
No  

6. Which of the following actions did you carry out and how effective were they?  
   Not at all 

 effective 
   Very 

effective 
 

   Design and implement an equal opportunity policy      
   Set targets to achieve a gender balance in the workforce      
   Organise conferences and workshops on gender      
   Actions to improve work-life balance      

   Other:  

7. Was there a gender dimension associated with the research content – i.e. wherever people were 
the focus of the research as, for example, consumers, users, patients or in trials, was the issue of gender 
considered and addressed? 

   Yes- please specify  
 

   No  

E Synergies with Science Education  
8.        Did your project involve working with students and/or school pupils (e.g. open days, 

participation in science festivals and events, prizes/competitions or joint projects)? 
   Yes- please specify  

 
   No 

9. Did the project generate any science education material (e.g. kits, websites, explanatory 
booklets, DVDs)?  

   Yes- please specify  
 

   No 

F Interdisciplinarity  
10.     Which disciplines (see list below) are involved in your project?  
   Main discipline1: 2.3 
   Associated discipline1: 1.2    Associated discipline1: 1.5 

 

G Engaging with Civil society and policy makers 
11a        Did your project engage with societal actors beyond the research 

community?  (if 'No', go to Question 14) 
 
 

Yes 
No  

11b If yes, did you engage with citizens (citizens' panels / juries) or organised civil society 
(NGOs, patients' groups etc.)?  

   No 
   Yes- in determining what research should be performed  
   Yes - in implementing the research  
   Yes, in communicating /disseminating / using the results of the project 

                                                
1 Insert number from list below (Frascati Manual). 

Workshop, open lab day 

use of SMW setup for practical 
courses at university 
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11c In doing so, did your project involve actors whose role is mainly to 
organise the dialogue with citizens and organised civil society (e.g. 
professional mediator; communication company, science museums)? 

 
 

Yes 
No  

12.    Did you engage with government / public bodies or policy makers (including international 
organisations) 

   No 
   Yes- in framing the research agenda 
   Yes - in implementing the research agenda 

   Yes, in communicating /disseminating / using the results of the project 

13a Will the project generate outputs (expertise or scientific advice) which could be used by 
policy makers? 

   Yes – as a primary objective (please indicate areas below- multiple answers possible) 
   Yes – as a secondary objective (please indicate areas below - multiple answer possible) 
   No 

13b  If Yes, in which fields? 
Agriculture  
Audiovisual and Media  
Budget  
Competition  
Consumers  
Culture  
Customs  
Development Economic and 
Monetary Affairs  
Education, Training, Youth  
Employment and Social Affairs 

 
 
 
 
 
 
 
 
 
 
 

Energy  
Enlargement  
Enterprise  
Environment  
External Relations 
External Trade 
Fisheries and Maritime Affairs  
Food Safety  
Foreign and Security Policy  
Fraud 
Humanitarian aid 

 
 
 
 
 
 
 
 
 
 
 

Human rights  
Information Society 
Institutional affairs  
Internal Market  
Justice, freedom and security  
Public Health  
Regional Policy  
Research and Innovation  
Space 
Taxation  
Transport 
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13c   If Yes, at which level? 
   Local / regional levels 
   National level 
   European level 
   International level 

H Use and dissemination  
14.    How many Articles were published/accepted for publication in 

peer-reviewed journals?  
8 

To how many of these is open access2 provided? 3 
       How many of these are published in open access journals? 0 
       How many of these are published in open repositories? 0 
To how many of these is open access not provided? 5 
       Please check all applicable reasons for not providing open access:  
        publisher's licensing agreement would not permit publishing in a repository 
        no suitable repository available 
        no suitable open access journal available 
        no funds available to publish in an open access journal 
        lack of time and resources 
        lack of information on open access 
        other3: …………… 

 

15. How many new patent applications (‘priority filings’) have been made?  
("Technologically unique": multiple applications for the same invention in different 
jurisdictions should be counted as just one application of grant). 

1 

Trademark 0 
Registered design  0 

16. Indicate how many of the following Intellectual 
Property Rights were applied for (give number in 
each box).   Other 0 

17.    How many spin-off companies were created / are planned as a direct 
result of the project?  

0 

Indicate the approximate number of additional jobs in these companies:  
18.   Please indicate whether your project has a potential impact on employment, in comparison 

with the situation before your project:  
  Increase in employment, or  In small & medium-sized enterprises 
  Safeguard employment, or   In large companies 
  Decrease in employment,   None of the above / not relevant to the project 
  Difficult to estimate / not possible to quantify    

19.   For your project partnership please estimate the employment effect 
resulting directly from your participation in Full Time Equivalent (FTE = 
one person working fulltime for a year) jobs: 

 
 
Difficult to estimate / not possible to quantify 

Indicate figure: 
2 
 
 
 
 

                                                
2 Open Access is defined as free of charge access for anyone via Internet. 
3 For instance: classification for security project. 
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I Media and Communication to the general public  
20. As part of the project, were any of the beneficiaries professionals in communication or 

media relations? 
   Yes  No 

21. As part of the project, have any beneficiaries received professional media / communication 
training / advice to improve communication with the general public? 

   Yes  No 

22 Which of the following have been used to communicate information about your project to 
the general public, or have resulted from your project?  

  Press Release  Coverage in specialist press 
  Media briefing  Coverage in general (non-specialist) press  
  TV coverage / report  Coverage in national press  
  Radio coverage / report  Coverage in international press 
  Brochures /posters / flyers   Website for the general public / internet 
  DVD /Film /Multimedia  Event targeting general public (festival, conference, 

exhibition, science café) 
23 In which languages are the information products for the general public produced?  

  Language of the coordinator  English 
  Other language(s)   

 
 
 
Question F-10: Classification of Scientific Disciplines according to the Frascati Manual 2002 (Proposed 
Standard Practice for Surveys on Research and Experimental Development, OECD 2002): 
 
FIELDS OF SCIENCE AND TECHNOLOGY 
 
1. NATURAL SCIENCES 
1.1  Mathematics and computer sciences [mathematics and other allied fields: computer sciences and other 

allied subjects (software development only; hardware development should be classified in the 
engineering fields)] 

1.2 Physical sciences (astronomy and space sciences, physics and other allied subjects)  
1.3 Chemical sciences (chemistry, other allied subjects) 
1.4  Earth and related environmental sciences (geology, geophysics, mineralogy, physical geography and 

other geosciences, meteorology and other atmospheric sciences including climatic research, 
oceanography, vulcanology, palaeoecology, other allied sciences) 

1.5 Biological sciences (biology, botany, bacteriology, microbiology, zoology, entomology, genetics, 
biochemistry, biophysics, other allied sciences, excluding clinical and veterinary sciences) 

 
2 ENGINEERING AND TECHNOLOGY 
2.1 Civil engineering (architecture engineering, building science and engineering, construction engineering, 

municipal and structural engineering and other allied subjects) 
2.2 Electrical engineering, electronics [electrical engineering, electronics, communication engineering and 

systems, computer engineering (hardware only) and other allied subjects] 
2.3. Other engineering sciences (such as chemical, aeronautical and space, mechanical, metallurgical and 

materials engineering, and their specialised subdivisions; forest products; applied sciences such as 
geodesy, industrial chemistry, etc.; the science and technology of food production; specialised 
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technologies of interdisciplinary fields, e.g. systems analysis, metallurgy, mining, textile technology 
and other applied subjects) 

 
3. MEDICAL SCIENCES 
3.1  Basic medicine (anatomy, cytology, physiology, genetics, pharmacy, pharmacology, toxicology, 

immunology and immunohaematology, clinical chemistry, clinical microbiology, pathology) 
3.2 Clinical medicine (anaesthesiology, paediatrics, obstetrics and gynaecology, internal medicine, surgery, 

dentistry, neurology, psychiatry, radiology, therapeutics, otorhinolaryngology, ophthalmology) 
3.3 Health sciences (public health services, social medicine, hygiene, nursing, epidemiology) 
 
4. AGRICULTURAL SCIENCES 
4.1 Agriculture, forestry, fisheries and allied sciences (agronomy, animal husbandry, fisheries, forestry, 

horticulture, other allied subjects) 
4.2 Veterinary medicine 
 
5. SOCIAL SCIENCES 
5.1 Psychology 
5.2 Economics 
5.3 Educational sciences (education and training and other allied subjects) 
5.4 Other social sciences [anthropology (social and cultural) and ethnology, demography, geography 

(human, economic and social), town and country planning, management, law, linguistics, political 
sciences, sociology, organisation and methods, miscellaneous social sciences and interdisciplinary , 
methodological and historical S1T activities relating to subjects in this group. Physical anthropology, 
physical geography and psychophysiology should normally be classified with the natural sciences]. 

 
6. HUMANITIES 
6.1 History (history, prehistory and history, together with auxiliary historical disciplines such as 

archaeology, numismatics, palaeography, genealogy, etc.) 
6.2 Languages and literature (ancient and modern) 
6.3 Other humanities [philosophy (including the history of science and technology) arts, history of art, art 

criticism, painting, sculpture, musicology, dramatic art excluding artistic "research" of any kind, 
religion, theology, other fields and subjects pertaining to the humanities, methodological, historical and 
other S1T activities relating to the subjects in this group]  

 
 


