
 
 
 

1 
 
 

 

  



 
 
 

2 
 
 

 
 
 
 

Table of contents 
  



 
 
 

3 
 
 

 

 
Table of contents ..................................................................................................................................................... 2 

Presentation ............................................................................................................................................................. 6 

Program ................................................................................................................................................................... 9 

Schedule ............................................................................................................................................................ 10 

Lectures ............................................................................................................................................................. 14 

Short-Communications ..................................................................................................................................... 17 

Workshops ........................................................................................................................................................ 19 

Exhibitor presentations ..................................................................................................................................... 22 

Facility management & Round table ................................................................................................................. 24 

Abstracts ................................................................................................................................................................ 25 

Lectures ............................................................................................................................................................. 26 

Plasticity of cancer cell invasion, metastasis and therapy response in vivo .................................................. 27 

Fluorescence lifetime imaging across the scales - from microscopy and high content analysis to preclinical 
and clinical imaging ...................................................................................................................................... 28 

Quantification of intracellular intermolecular interactions by FRET/FLIM microscopy ............................. 30 

Fast volumetric light-sheet microscopy ........................................................................................................ 31 

Nanoscopy 2.0 .............................................................................................................................................. 32 

Superresolution in a facility .......................................................................................................................... 34 

Fluorescence labelling for super-resolution microscopy .............................................................................. 36 

Super-resolution microscopy with Conical Diffraction ................................................................................ 37 

Core Management – An Entrepreneurial Endeavor ...................................................................................... 38 

Short-communications ...................................................................................................................................... 39 

Multimodal Nonlinear Optics Microscopy Platform Integration to Understand Cancer Transformation ..... 40 

To What Extent Is Your Tissue Clear? Optical clearing of the mouse brain and light attenuation 
quantitation ................................................................................................................................................... 42 

Identification of pollen taxon from microscopic image analysis .................................................................. 44 

Biological applications for 3D STED microscope systems with two depletion lasers ................................. 46 

Workshops & Round table ................................................................................................................................ 47 

Workshop 1: Open source software and macros ........................................................................................... 48 

Workshop 2: Fluorescent markers and nanoparticles ................................................................................... 53 

Workshop 3: Equipment maintenance tools ................................................................................................. 57 

Workshop 4: FRAP, Photoactivation, Photoconversion. Use of Fluorescent proteins ................................. 62 



 
 
 

4 
 
 

Workshop 5: Machine Learning, Supervised Image Analysis. Teach the computer to classify with no math, 
no parameter, no rule .................................................................................................................................... 66 

Workshop 6: Illumination sources and detection systems ............................................................................ 67 

Workshop 7: New developments and alternatives in Microscopy ................................................................ 71 

Workshop 8: FRET/FLIM and other related techniques............................................................................... 76 

Exhibitors .......................................................................................................................................................... 80 

Point Scanning Confocal Microscopy is dead .............................................................................................. 81 

Meeting the Challenges of Physiologically Relevant Cell Model Systems – The Opera Phenix High 
Content Screening System ............................................................................................................................ 82 

Olympus IX3: The Age of the new microscopes .......................................................................................... 83 

Light Sheet Z1, A New Way to View Living Things ................................................................................... 84 

sCMOS cameras vs EMCCD and CCD ........................................................................................................ 85 

New Objective Lenses for Advanced Microscopy ....................................................................................... 86 

The Light Sheet Microscope for all Clearing Solutions and Water .............................................................. 87 

Imaris: Exploring the next dimension in 3D and 4D image analysis ............................................................ 88 

Two photon microscopy:  Increasing imaging times using GHz laser excitation ......................................... 89 

10 Years of Leica Super-Resolution ............................................................................................................. 90 

Phenotyping TILs in situ: Automated Enumeration of FOXP3+ and CD69+ T Cells in Follicular 
Lymphoma .................................................................................................................................................... 92 

Addressing the Challenges of Operating a Core Facility .............................................................................. 93 

Managing a Microscopy core with PPMS: More time to focus on Science.................................................. 94 

Posters ............................................................................................................................................................... 95 

Correlative Light and Electron Microscopy of virus-infected cells .............................................................. 96 

Quantification of live and dead bacteria inside biofilms by confocal microscopy ....................................... 97 

Transport regulation of polytopic proteins in yeasts: The role of exomer in the transport of Chs3p along the 
TGN up to PM. ............................................................................................................................................. 99 

2-photon imaging, 3D reconstruction and Re-modeling for quantifying atherosclerosis burden ............... 100 

To What Extent Is Your Tissue Clear? Optical clearing of the mouse brain and light attenuation 
quantitation ................................................................................................................................................. 102 

Dynamics and ultrastructure of ER stress sensing ...................................................................................... 103 

Numerical Methods for Improving the Reliability of Number and Brightness (N&B) Analysis ............... 104 

Influence of crocetin isolated from saffron in the differentiation of 3T3-L1 cells to adipocytes ............... 105 

The use of light and TEM microscopies to analyse autophagic hallmarks and gene expression 
accompanying programmed cell death in stress-induced pollen embryogenesis and pollen development . 107 

Brightfield Image Analysis and Quantification as routine tool in Pathology Research .............................. 109 



 
 
 

5 
 
 

Automatic classification of brightfield microscopy pollen samples using Tchebichef moment-based texture 
signatures .................................................................................................................................................... 110 

Brightfield Breast TMA Classification with GLCM-based Textons .......................................................... 112 

AIDPATH: Digital Pathology Tools from and for Academia and Industry Collaboration......................... 114 

Facts and fictions on arthropod autofluorescence for LSCM ..................................................................... 116 

Interactive Segmentation on Lightsheet Macroscopy Images of whole mount organs and embryos ......... 117 

Open-source Mesoscopy for Cell & Developmental Biology .................................................................... 118 

Improving penetration of reagents for microscopy imaging of plant reproductive samples ....................... 119 

Advanced Optical Microscopy for Plants (MOA-P) ................................................................................... 120 

Deficient expression of neural structures in the inner ear of nitrofen treated rats. Automated microscopy for 
high content structure analysis in organ slice preparations. ........................................................................ 121 

Congress information .......................................................................................................................................... 122 

CONTACT INFORMATION ......................................................................................................................... 123 

ACCESS MAP FOR REMOA MEETING ..................................................................................................... 123 

LOCATIONS AN ROOMS ............................................................................................................................ 124 

TUESDAY DINNER ...................................................................................................................................... 125 

TRANSPORT & TOURIST INFORMATION ............................................................................................... 126 

Organizers, Contributors & Sponsors .................................................................................................................. 127 

Organizers ....................................................................................................................................................... 128 

Contributors .................................................................................................................................................... 129 

Workshop organizers .................................................................................................................................. 129 

Workshop speakers ..................................................................................................................................... 130 

Sponsors .......................................................................................................................................................... 132 

List of participants ............................................................................................................................................... 133 

 

 

  



 
 
 

6 
 
 

 

 

 

 

 

 

 

 

 

 

Presentation 
  



 
 
 

7 
 
 

The Spanish Advanced Optical Microscopy Network (REMOA) was created in 2009 to 
promote knowledge transfer and collaboration between Microscopy Laboratories and 
Facilities located in Spanish Research Institutes, Universities and Hospitals. The REMOA 
community develops its activity around scientific and technical topics, mainly in the fields of 
Optical Microscopy and Digital Imaging for Life Sciences. 

REMOA intends to communicate with all the scientific and technical staff, inside and outside 
the network, about equipment and applications that could be offered by the imaging platforms 
and research groups in Spain. Our long-term mission is to maximize the use and exploitation 
of microscopy-related technical and human resources in Spain. 

REMOA also intends to develop academic and technical training in the fields of Optical 
Microscopy and Digital Imaging, e.g. by offering access to journals and books, tutorials and 
guides, knowledge and experience.  REMOA aims at organizing yearly Courses, Workshops 
and congresses, open to the whole scientific community. 

Finally, REMOA will facilitate the contact between scientific and technical staff, in profit or 
non-profit foundations and private enterprises, with in mind to stimulate collaborations, to 
improve access to techniques, tools and protocols, and to spread open-source scientific 
information for the benefit of all scientists whose research rely on Optical Microscopy and 
Digital Imaging. 

The 2nd Congress of the Spanish Advanced Optical Microscopy Network (REMOA) is 
organized by the Spanish National Cancer Research Center (CNIO) and the Molecular 
Biology Center Severo Ochoa (CBMSO), and it will be held in CNIO, Madrid, in October 
13th-15th, 2014. 

It will try to cover the latest progress in Advanced Optical Microscopy and image analysis 
technologies and applications in Biomedicine and other related scientific research areas. 
However, we would also like to help the laboratories and facilities job covering other basic 
topics necessary for their daily work. 

This Congress is focused not only for REMOA members but also for the rest of the scientific 
and technical community who could be interested in these fields, outside and inside Spain, 
which may promote the exchange of knowledge and experience. 

One additional purpose is to facilitate the contact between the scientific and technical staff 
with the enterprises, which may be very helpful for both. 

TOPICS: Superresolution, Thin-sheet, Multiphoton, FRET/FLIM, 
Photoactivation/Photoconversión, FRAP,  Open source software, Image Processing, 
Fluorescent markers and nanoparticles, Fluorescente proteins, Equipment maintenance tools, 
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Illumination sources, Detection systems,  New developments in Microscopy, Facility 
Management 
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Schedule 
 

 October 13th 2014 
9:00-10:00 Registration 

10:00-10:30 Welcome 

10:30-11:15 Lecture 1: Plasticity of cancer cell invasion, metastasis and therapy response in vivo 

Peter Friedl 

11:15-11:30 Questions 

11:30-12:15 Lecture 2: Fluorescence lifetime imaging across the scales - from microscopy and high 

content analysis to preclinical and clinical imaging 

Paul French 

12:15-12:30 Questions 

12:30-13:00 Exhibitor presentations (Izasa & PerkinElmer) 

13:00-13:15 Short-communication 1: Multimodal Nonlinear Optics Microscopy Platform Integration to 

Understand Cancer Transformation 

Javier Adur 

13:15-13:20 Questions 

13:20-14:30 Lunch 

14:30-15:45 Workshop 1: Open source software and macros 

(Auditorium)  

Chairman: Miguel Galarraga 

Sponsor: OMERO 

14:30-15:45 Workshop 2: Fluorescent markers and nanoparticles 

(Workshop room I. 2nd floor) 

Chairman: Lucía Sánchez 

15:45-17:00 Workshop 3: Equipment maintenance tools 

(Workshop room I. 2nd floor) 

Chairman: Manuel Pérez 

15:45-17:00 Workshop 4: FRAP, Photoactivation, Photoconversion. Use of Fluorescent proteins 

(Auditorium) 

Chairman: María Calvo 

Sponsor: Olympus 

17:00-17:30 Coffe break (Delta Optics + OMERO) 

17:30-19:30 REMOA meeting 

http://www.rimls.nl/people/f/friedl/
http://www.rimls.nl/people/f/friedl/
http://www.imperial.ac.uk/AP/faces/pages/read/Home.jsp?person=paul.french&_adf.ctrl-state=hy3i9d7te_3&_afrRedirect=5412060577343828
http://www.imperial.ac.uk/AP/faces/pages/read/Home.jsp?person=paul.french&_adf.ctrl-state=hy3i9d7te_3&_afrRedirect=5412060577343828
http://www.izasa.es/
http://www.perkinelmer.com/
http://bioingenieria.edu.ar/grupos/microscopia/
https://www.cima.es/labs/ver/8/imagen/resumen/7
https://www.cima.es/labs/ver/8/imagen/resumen/7
http://www.openmicroscopy.org/
http://www.openmicroscopy.org/
https://www.cima.es/labs/ver/8/imagen/resumen/7
http://www.iib.uam.es/portal/web/microscopia
http://www.iib.uam.es/portal/web/microscopia
https://www.cnio.es/ing/grupos/plantillas/presentacion.asp?grupo=50004304
https://www.cnio.es/ing/grupos/plantillas/presentacion.asp?grupo=50004304
http://www.ccit.ub.edu/ES/tb08.html
http://www.olympus-europa.com/
http://www.olympus-europa.com/
http://deltaoptics.es/
http://www.openmicroscopy.org/
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 October 14th 2014 
9:00-9:45 Lecture 3: Quantification of intracellular intermolecular interactions by FRET/FLIM 

microscopy 

José Requejo-Isidro 

9:45-10:00 Questions 

10:00-10:45 Lecture 4: Fast volumetric light-sheet microscopy 

Pablo Loza 

10:45-11:00 Questions 

11:00-12:00 Poster session + Exhibitors 

Coffe break (Zeiss) 

12:00-12:45 Lecture 5: Nanoscopy 2.0 

Alberto Diaspro 

12:45-12:50 Questions 

12:50-13:05 Short-communication 2: To What Extent Is Your Tissue Clear? Optical clearing of the 

mouse brain and light attenuation quantitation 

Angela d’Esposito 

13:05-13:10 Questions 

13:10-13:25 Short-communication 3: Identification of pollen taxon from microscopic image analysis 

Gabriel Cristóbal 

13:25-13:30 Questions 

13:30-14:30 Lunch  

14:30-15:30 Exhibitor presentations (Zeiss, Hamamatsu, Izasa & Delta Optics) 

15:30-16:45 Workshop 5: Machine Learning, Supervised Image Analysis. Teach the computer to 

classify with no math, no parameter, no rule. 

(Auditorium) 

Chairman: Julien Colombelli 

Sponsor: Bitplane 

15:30-16:45 Workshop 6: Illumination sources and detection systems 

(Workshop room I. 2nd floor) 

Chairman: Jorge Ripoll 

Sponsor: MTB 

16:45-17:15 Coffe break (Perkin Elmer) 

17:15-18:30 Workshop 7: New developments and alternatives in Microscopy 

(Auditorium) 

Chairman: Jordi Andilla 

http://www.unidaddebiofisica.org/member.aspx?member=64
http://www.unidaddebiofisica.org/member.aspx?member=64
http://www.icfo.eu/about_icfo/people_ficha.php?people_id=18&from=search_people
http://www.icfo.eu/about_icfo/people_ficha.php?people_id=18&from=search_people
http://www.zeiss.es/
http://www.iit.it/it/about-naph/alberto-diaspro.html
https://www.ucl.ac.uk/cabi/index
https://www.ucl.ac.uk/cabi/index
http://www.io.csic.es/
http://www.io.csic.es/
http://www.zeiss.es/
http://www.hamamatsu.com/
http://www.izasa.es/
http://deltaoptics.es/
http://www.irbbarcelona.org/en/research/advanced-digital-microscopy-adm
http://www.irbbarcelona.org/en/research/advanced-digital-microscopy-adm
http://www.bitplane.com/
http://www.bitplane.com/
http://image.hggm.es/index.php?option=com_contact&task=view&contact_id=79&Itemid=164
http://image.hggm.es/index.php?option=com_contact&task=view&contact_id=79&Itemid=164
http://www.mtb.es/
http://www.mtb.es/
http://h
http://www.icfo.eu/about_icfo/people_ficha.php?people_id=671&from=search_people
http://www.icfo.eu/about_icfo/people_ficha.php?people_id=671&from=search_people
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17:15-18:30 Workshop 8: FRET/FLIM and other related techniques 

(Workshop room I. 2nd floor) 

Chairman: Timo Zimmermann 

21:00 Dinner 

 October 15th 2014 
9:00-9:45 Lecture 6: Superresolution in a Facility 

Nuno Moreno 

9:45-10:00 Questions 

10:00-10:45 Lecture 7: Fluorescence labelling for super-resolution microscopy 

Cristina Flors 

10:45-11:00 Questions 

11:00-11:15 Short communication 4: Biological applications for 3D STED microscope systems with 

two depletion lasers 

Timo Zimermann 

11:15-11:20 Questions 

11:20-11:50 Exhibitor presentations (Leica & Vertex) 

11:50-13:00 Poster session + Exhibitors 

Coffe break (Leica) 

13:00-13:25 Lecture 8: Super-resolution microscopy with Conical Diffraction.  

Spencer Shorte 

13:25-13:30 Questions 

13:30-14:30 Lunch 

                                        

FACILITY 

MANAGEMENT 

 

14:30-14:50 Exhibitor presentation 

Addressing the Challenges of Operating a Core Facility (Lindsey Ward. iLab Solutions) 

Managing a Microscopy core with PPMS: More time to focus on Science (Jean-Yves 

Tinevez. Stratocore) 

 

14:50-16:00 Core Management - An Entrepreneurial Endeavor (Tim Bushnell) 

16:00-17:00 RoundTable 

Chairmen: Diego Megías, Carlos Sánchez & María Calvo  

17:00-17:30 Final session/Farewell drinks 

 

http://www.crg.eu/es/core/programmes-groups/advanced-light-microscopy-unit
http://www.crg.eu/es/core/programmes-groups/advanced-light-microscopy-unit
http://uic.igc.gulbenkian.pt/microscopy.htm
http://uic.igc.gulbenkian.pt/microscopy.htm
http://www.nanociencia.imdea.org/personas/investigadores/dra-cristina-flors
http://www.nanociencia.imdea.org/personas/investigadores/dra-cristina-flors
http://www.crg.eu/es/core/programmes-groups/advanced-light-microscopy-unit
http://www.leica-microsystems.com/
http://www.vertex.es/
http://www.leica-microsystems.com/
https://www.pasteur.fr/ip/easysite/pasteur/fr/recherche/plates-formes-technologiques/imagopole/plates-formes-imagopole/la-plate-forme-d-imagerie-dynamique
https://www.pasteur.fr/ip/easysite/pasteur/fr/recherche/plates-formes-technologiques/imagopole/plates-formes-imagopole/la-plate-forme-d-imagerie-dynamique
http://www.ilabsolutions.com/
http://expertcytometry.com/about-us/
http://www.cnio.es/es/grupos/plantillas/presentacion.asp?grupo=50004304
http://www.cbm.uam.es/confocal
http://www.ccit.ub.edu/ES/tb08.html
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Lectures 
 

Monday. October, 13th  

10:30-11:15. Peter Friedl.  Lecture 1: Plasticity of cancer cell invasion, metastasis and therapy 
response in vivo. 

Peter Friedl holds the chair for Microscopical Imaging of the Cell at the NCMLS since 
October 2007, which includes the Core Facility for Microscopy at the Radboud University 
Nijmegen Medical Center. The Netherlands. 

11:30-12:15. Paul French.  Lecture 2: Fluorescence lifetime imaging across the scales - from 
microscopy and high content analysis to preclinical and clinical imaging 

Paul French is Professor of Physics and former Head of the Photonics Group at Imperial 
College London.  He has also worked at the University of New Mexico and AT&T Bell 
Laboratories. His research has evolved from ultrafast dye and solid-state laser physics to 
biomedical optics with a particular emphasis on FLIM for applications in molecular cell 
biology, drug discovery and clinical diagnosis.  

 

Tuesday. October, 14th  

9:00-9:45. José Requejo-Isidro. Lecture 3: Quantification of intracellular intermolecular 
interactions by FRET/FLIM microscopy. 

José Requejo-Isidro is head of the Biophotonics lab of the Biophysics Unit, a CSIC-
UPV/EHU research centre located in the Basque Country, Bizkaia. He works on the 
development of quantitative microscopic methodologies and their application to the study of 
lipid-dependent oncogenic kinases. 

10:00-10:45. Pablo Loza. Lecture 4: Fast volumetric light-sheet microscopy. 

Pablo Loza-Alvarez, received his PhD in Laser Physics from the University ofSt Andrews , 
Scotland in 2000. Currently he is a Group Leader at ICFO, where he is also responsible for 
the "Super Resolution Light Microscopy and Nanoscopy" lab. Dr. Loza-Alvarez has now a 
strong experience in microscopy and, by introducing novel photonics tools, has developed a 
number of novel imaging techniques. These have been used for a wide variety of applications 
ranging from the imaging of large model organisms to the visualization of subcellular 
components. 

http://www.rimls.nl/people/f/friedl/
http://www.imperial.ac.uk/AP/faces/pages/read/Home.jsp?person=paul.french&_adf.ctrl-state=7nn1s8sjc_3&_afrRedirect=5872516598857700
http://www.unidaddebiofisica.org/member.aspx?member=64
http://www.icfo.eu/research/sln.php
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12:00-12:45. Alberto Diaspro. Lecture 5: Nanoscopy 2.0 

Alberto Diaspro was born in Genoa, Italy, on April 7, 1959, Electronic Engineering Laurea 
Doctoral degree in 1983, Univ.of Genoa. AD is currently the Director of the Nanophysics 
Department of the Italian Institute of Technology (IIT), Deputy Director of IIT and Director 
of the Nikon Imaging Center at IIT. He is a fellow of SPIE and a senior member of IEEE. AD 
is expert in imaging techniques for biological research; he founded and direct the Laboratory 
for Advanced Microscopy, Bioimaging and Spectroscopy  - LAMBS in 2003. AD is Editor in 
chief of the international journal Microscopy Research and Technique (Wiley) and Speciality 
Chief Editor for Frontiers in Bioengineering and Biotechnology.AD is member of the 
editorial board of JBO since the beginning, and actively works on SPIE conferences. AD's H-
index is 33 (Google) with more than 300 publications and 5800 citations. AD is Fellow of 
SPIE and Senior member of IEEE. The Biophysical Society recently awarded AD with Emily 
M. Gray 2014. 

Wednesday. October, 15th  

9:00-9:45. Nuno Moreno. Lecture 6: Superresolution in a Facility 

Nuno Moreno is head of Equipment Management and Molecular Imaging Services of the 
Advanced Imaging Lab of the Imaging and Cytometry Unit at the Gulbenkian Science 
Institute, Oeiras. Portugal. 

10:00-10:45. Cristina Flors. Lecture 7: Fluorescence labelling for super-resolution 
microscopy 

Cristina Flors is working on the improvement of super-resolution fluorescence microscopy 
methods for DNA imaging and their applications in Biology at the Fundación Instituto 
Madrileño de Estudios Avanzados en Nanociencia (IMDEA-Nanociencia). Madrid. 

13:00-13:25. Spencer Shorte. Lecture 8: Super-resolution microscopy with Conical 
Diffraction 

Spencer Shorte is currently Director and Executive Engineer of Imagopole at the Institut 
Pasteur, Paris and Group leader of the Plateforme d'Imagerie Dynamique (PFID). His fields of 
expertise include Cell biology, neuroendocrinology, infectious biology, Imaging, microscopy, 
image analysis, high-content analysis, visual screening, fluorescence, bioluminescence, multi-
dimensional imaging, imaging cytometry, intravital imaging and single-cell technologies. 

14:50-16:00. Tim Bushnell. Core Management - An Entrepreneurial Endeavor 

As the Director of University of Rochester Medical Center’s Shared Resource Laboratories, 
Tim Bushnell serves as an ambassador for building the bridge between basic science research 

http://www.iit.it/it/about-naph/alberto-diaspro.html
http://uic.igc.gulbenkian.pt/microscopy.htm
http://www.nanociencia.imdea.org/personas/investigadores/dra-cristina-flors
https://www.pasteur.fr/ip/easysite/pasteur/fr/recherche/plates-formes-technologiques/imagopole/plates-formes-imagopole/la-plate-forme-d-imagerie-dynamique
http://www.imagopole.org/
http://www.pfid.org/
http://www.urmc.rochester.edu/ctsi/information/Tim-Bushnell.cfm
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facilities and clinical scientists in order to drive clinical and translational research at the 
University of Rochester. New York. USA. 
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Short-Communications 
 

Monday. October, 13th  

13:00-13:15. Short-communication 1. Javier Adur. Multimodal Nonlinear Optics Microscopy 
Platform Integration to Understand Cancer Transformation 

Javier Aldur is professor at the Engineer Faculty of National University of Entre Ríos from 
1997, working at the Microscopy Laboratory Applied to Molecular and Cellular Studies 
(LAMAE). He is interested in the applications of Biophotonics, linear and non-linear 
Microscopy as tools for the diagnostic and therapy of different diseases.  

Tuesday. October, 14th  

12:50-13:05. Short-communication 2. Angela d’Esposito. To What Extent Is Your Tissue 
Clear? Optical clearing of the mouse brain and light attenuation quantitation 

Angela d’Esposito is PhD student at the The Centre for Advanced Biomedical Imaging 
(CABI) which is a multidisciplinary research Centre for experimental imaging of the 
University College of London. It provides state-of-the-art high-field magnetic resonance 
imaging (MRI), a new photoacoustic imaging facility, in vivo 2-photon laser-scanning 
microscopy, ultrasound, bioluminescence and fluorescence imaging, as well as SPECT/CT 
and PET/CT and is ideally suited for cross-disciplinary work in neuroscience, cardiovascular 
biology and oncology. 

13:10-13:25. Short-communication 3. Gabriel Cristóbal. Identification of pollen taxon from 
microscopic image analysis 

Gabriel Cristóbal is working at the Optics Institute “Daza de Valdés” (CSIC), in Madrid. He 
belongs to the group of Image Science for the developing of image processing, study and 
analysis of visual models. 

Wednesday. October, 15th  

11:00-11:15. Short-communication 4. Timo Zimmermann. Biological applications for 3D 
STED microscope systems with two depletion lasers 

Timo Zimmermann made his PhD in Biology at the Ludwig-Maximilians-University, 
Munich, in 2000. He achieved an EMBO Short Term Fellowship at the European Molecular 
Biology Laboratory, Heidelberg, where he stayed as a Senior Technical Officer at the 
Advanced Light Microscopy Facility, from 2001 to 2006. Timo Zimmermann is Head of the 

http://bioingenieria.edu.ar/grupos/microscopia/
https://www.ucl.ac.uk/cabi/index
http://www.io.csic.es/ca_grupos.php?Id=10
http://www.crg.eu/es/core/programmes-groups/advanced-light-microscopy-unit
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Advanced Light Microscopy Unit at the Centre for Genomic Regulation, in Barcelona, from 
2007. 
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Workshops 
 
Monday. October, 13th  

14:30-15:45 Auditorium. Workshop 1: Open source software and macros 

Chairman: Miguel Galarraga  

- Joaquim Soriano Felipe: iMSRC: intelligent screening platform: Real example of iMSRC 
intelligent screening applied to high resolution tissue microarray capture. 

- Manel Bosch: Suites of plugins to enhance the capabilities of ImageJ. 

- Miguel Galarraga: MicroManager – How to configure and use it. Some examples. 

Collaboration: OMERO 

- Petr Walczysko: The Open Microscopy Environment: Open Image Informatics for the 
Biological Sciences 

 

14:30-15:45. Workshop room I. 2nd floor. Workshop 2: Fluorescent markers and 
nanoparticles 

Chairman: Lucía Sánchez 

- Javier García-Sancho: GAP, a new aequorin-based fluorescent protein probe for imaging 
Ca2+ in organelles 

- Augusto Silva: Use of nanoparticles for the in vivo tracking of neural precursor migration in 
response to brain damage 

- Daniel Jaque: New nanoprobes for intracelullar thermal sensing 

 

15:45-17:00. Workshop room I. 2nd floor. Workshop 3: Equipment maintenance tools 

Chairman: Manuel Pérez 

- Manel Bosch. Tests and tools to monitor confocal microscope’s performance 

- Jordi Andilla. Tools and strategies for advanced fluorescence microscopy 
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- Francisco Porto: Performance check and optimization in widefield microscopy 

 

15:45-17:00. Auditorium. Workshop 4: FRAP, Photoactivation, Photoconversion. Use of 
Fluorescent proteins 

Chairman: María Calvo 

- José Rino: Quantitative FRAP Analysis 

- Nickolaos Nikiforos Giakoumakis & Maria Anna Rapsomaniki: Fluorescence Recovery 
After Photobleaching (FRAP) in the study of protein kinetics: data analysis, modeling and 
parameter inference 

Sponsor: Olympus 

Dr. Igor Del Vecchio (Olympus): Olympus IX3: The Age of the new microscopes 

 

Tuesday. October, 14th  

15:30-16:45. Auditorium. Workshop 5: Machine Learning, Supervised Image Analysis. 
Teach the computer to classify with no math, no parameter, no rule 

Chairman: Julien Colombelli.  

- Sebastien Tosi & Julien Colombelli 

Sponsor: Bitplane 
- Delisa Ibanez Garcia (Bitplane): Imaris: Exploring the next dimension in 3D and 4D image 
analysis 

 

15:30-16:45. Workshop room I. 2nd floor. Workshop 6: Illumination sources and detection 
systems 

Chairman: Jorge Ripoll 

- Jordi Sobrino Gil: Which is the best scientific camera for my application? 

- Daniel Jaque: Recent advances in microscopy illumination systems 

- Jorge Ripoll: Optical Detectors for Microscopy and their Working Principles 
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Sponsor: MTB 

- Andy Wells (Laser Quantum): Two photon microscopy: Increasing imaging times using 
GHz laser excitation 

 

17:15-18:30. Auditorium. Workshop 7: New developments and alternatives in Microscopy 

Chairman: Jordi Andilla 

- Corinne Lorenzo: Deep and clear optical imaging by using adaptive optics devices. 

- Jesús Lancis: Compressive sensing in microscopy. 

- Mónica Marro: Raman microspectroscopy for biochemical and biomedical applications. 

 

17:15-18:30. Workshop room I. 2nd floor. Workshop 8: FRET/FLIM and other related 
techniques 

Chairman: Timo Zimmermann 

- Rafael Fritz: Analysis of spatiotemporal signalling dynamics by FRET biosensors 

- Javier Díez Guerra. Design of a FRET-based biosensor to monitor phosphatidic acid 
fluctuations in living cells 
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Exhibitor presentations 
 

Monday. October, 13th  

12:30-12:45 Izasa 

- Edward Lachica (Andor): Point Scanning Confocal Microscopy is dead 

12:45-13:00 Perkin Elmer 

- Meeting the Challenges of Physiologically Relevant Cell Model Systems. The Opera Phenix 
High Content Screening System 

 

Tuesday. October, 14th  

14:30-14:45  Zeiss  

- Jacques Paysan (Carl Zeiss Microscopy): Light Sheet Z1, A New Way to View Living 
Things 

14:45-15:00 Hamamatsu 

- David Castrillo (Hamamatsu): sCMOS cameras vs EMCCD and CCD 

15:00-15:15  Izasa. (Pag. 84) 

- Luis Martín (Izasa): New Objective Lenses for Advanced Microscopy 

15:15-15:30 Delta Optics 

- Uwe Schröer (LaVision BioTec): The Light Sheet Microscope for all Clearing Solutions and 
Water 

 

Wednesday. October, 15th  

11:20- 11:35  Leica 

- Juan Luis Monteagudo (Leica): 10 Years of Leica Super-Resolution 

11:35-11:50  Vertex 
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- Roslyn Lloyd (PerkinElmer): Phenotyping TILs in situ: Automated Enumeration of FOXP3+ 
and CD69+ T Cells in Follicular Lymphoma 

 

Wednesday. October, 15th  

14:30- 14:40  iLab Solutions 

Lindsey Ward (iLab Solutions): Addressing the Challenges of Operating a Core Facility 

14:40- 14:50  Stratocore 

Jean-Yves Tinevez (Stratocore): Managing a Microscopy core with PPMS: More time to focus 
on Science 
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Facility management & Round table 
 

Wednesday. October, 15th 

 

14:40-16:00. Tim Bushnell: Core Management - Learn not to get burned 

 

16:00-17:00 RoundTable 

Chairmen: Diego Megías, Carlos Sánchez & María Calvo  
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Lecture 1 

Plasticity of cancer cell invasion, metastasis and therapy 
response in vivo 

Peter Friedl1.2 

1 Radboud University Nijmegen Medical Centre, Nijmegen, The Netherlands 
2 The University of Texas, MD Anderson Cancer Center, Houston, TX, USA  

*peter.friedl@radboudumc.nl 

Single-cell or collective invasion results from coordination of cell shape, deformability and 
actin dynamics relative to the tissue environment. In monomorphic 3D invasion models in 
vitro, an obligate step of collective invasion is the degradation of extracellular matrix (ECM). 
Thereby, the density of the ECM determines the invasion mode of mesenchymal tumor cells. 
Whereas fibrillar, high porosity ECM enables single-cell dissemination, dense matrix induces 
cell-cell interaction, leader-follower cell behavior and collective migration as an obligate 
protease-dependent process. Conversely, in vivo monitored by intravital multiphoton second 
and third harmonic generation microscopy, tissue microniches provide invasion-promoting 
tracks that enable collective migration along tracks of least resistance. As main routes, non-
destructive contact-guidance is mediated by preformed multi-interface perimuscular, vascular 
and –neural tracks of 1D, 2D and 3D topographies provided by invasion highways. Despite 
their essential role in adhesion-based migration in vitro, targeting of beta1 and beta3 integrins 
in vivo induced an unexpected plasticity response, including collective and amoeboid single-
cell dissemination, followed by enhanced micrometastasis, implicating largely integrin-
independent modes of metastatic dissemination. When treated with radiation therapy, the 
invasion niche further showed preferential survival compared to the tumor core, followed by 
relapse of the disease. Despite the inefficacy of anti-integrin monotherapy, when combined 
with radiation therapy, interference with integrin signaling prevented metastasis and resulted 
in long-term eradication of invasive tumors. In conclusion, cancer invasion is maintained by 
physicochemical programs that balance cell-intrinsic adhesion and mechanocoupling with 
encountered physical space and molecular cues which impacts both metastatic evasion and 
therapy response. 
 
References {Arial 8 Points Italic} 
[1] Title. Year. First Author (Name, Surname), Second Author (Name, Surname). Journal. Volume, first page-last page.  
[2] Title. Year. First Author (Name, Surname), Second Author (Name, Surname). Title of the book. Editor. Publisher.  
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Lecture 2 

Fluorescence lifetime imaging across the scales - from 
microscopy and high content analysis to preclinical and 

clinical imaging  

Paul French 

Physics Department, Imperial College London, London SW7 2AZ 

paul.french@imperial.ac.uk 

Fluorescence lifetime imaging (FLIM) can provide contrast between different molecular 
species, including fluorophore labels or endogenous fluorophores, and it can be used to map 
variations in the local fluorophore molecular environment.  The latter capability may be 
exploited using probes sensitive to specific analytes, such as calcium or other signalling 
molecules, or it may be used to probe interactions by sensing the close proximity of other 
fluorophores via Forster resonant energy transfer (FRET).  FLIM is increasingly applied to 
FRET readouts of appropriately labelled protein-protein interactions, e.g. to study cell 
signalling networks and mechanisms of disease, and to tissue autofluorescence to provide 
information about cellular metabolites or matrix components.  The inherently ratiometric 
nature of FLIM, which makes it relatively insensitive to fluorophore concentration or signal 
attenuation by the instrument or sample (“inner filter” effect), enables quantitative FLIM-
based readouts to be translated from in vitro assays to in vivo preclinical and clinical imaging.   

We apply FLIM technology across the scales from 3-D STED FLIM microscopyi, 
incorporating adaptive optics to correct for aberrations, through high-speed FLIM of fixed and 
live cells, e.g. for assays of protein interactionsii or cellular metabolismiii in automated 
multiwell plate readers, to in vivo studies in live disease models and patients.  For live disease 
models we are developing optical projection tomography with FLIM, particularly applied to 
zebrafishiv, and FLIM endoscopy, including a confocal FLIM endomicroscopev and compact 
wide-field FLIM endoscopesvi.  For clinical studies we have investigated multiphoton 
multispectral FLIM tomographyvii to diagnose skin cancer and single point fibre-optic probes 
for time-resolved and spectrally resolved fluorometry of autofluorescence, including an ex 
vivo and in vivo studies of cancer in skin and colon. Our FLIM analysis utilises our open 
source software, FLIMfit, which provides rapid global fitting capabilitiesviii and is available as 
an OMERO client.   
References 
[] 3-D stimulated emission depletion microscopy with programmable aberration correction, (2013), M. O. Lenz, H. G. Sinclair, et 
al., J. Biophotonics 7, 29-36  
[] Automated fluorescence lifetime imaging plate reader and its application to Förster resonant energy transfer readout of Gag 
protein aggregation, (2012 )D. Alibhai, D. J. Kelly, et al., J. Biophotonics 6, 398 -408 
[] An automated multiwell plate reading FLIM microscope for live cell autofluorescence lifetime assays, (2014) D. J. Kelly, S. C. 
Warren, et al., (2014), J. Innov. Opt. Health Sci. 7, 1450025-15 
[] In vivo fluorescence lifetime optical projection tomography (2011 ) J. McGinty, H. B. Taylor, et al., Biomed Opt Exp. 2, 1340-
1350 
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[] A Fluorescence lifetime imaging scanning confocal endomicroscope, (2010), G.T. Kennedy, H.B. Manning, et al.,”, J.  
Biophoton, 3, 103-107 
[] A flexible wide-field FLIM endoscope utilising blue excitation light for label-free contrast of tissue, (2014), H. Sparks, S. 
Warren, et al., J Biophotonic, Early view: DOI 10.1002/jbio.201300203 
[] Multiphoton multispectral fluorescence lifetime tomography for the evaluation of basal cell carcinomas, (2012) R. Patalay, C. 
Talbot, et al., PLoS ONE 7, e43460 
[] Rapid global fitting of large fluorescence lifetime imaging microscopy datasets, (2013)  S.C. Warren, A. Margineanu, et al.,”, 
PLoS ONE 8: e70687 (FLIMfit is available at www.openmicroscopy.org) 
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Lecture 3 

Quantification of intracellular intermolecular interactions 
by FRET/FLIM microscopy 

Gloria de las Heras1, Veronique Calleja2, Banafshe Larijani1,3, Jose Requejo-Isidro1* 

1Biophotonics Lab, Unidad de Biofísica CSIC-UPV/EHU, Barrio Sarriena s/n, E48940 Leioa (Vizcaya) 
SPAIN  

2Cancer Research UK, Lincoln’s Inn Fields Laboratories, London Research Institute, London WC2A 
3LY, UK 

3Ikerbasque, Basque Foundation for Science. E48011 Bilbao, SPAIN  

*jose.requejo@csic.es 

Cells rely on complicated protein networks to respond to internal and external stimuli. 
Proteins, nucleic acids and other molecular compounds interact with each other 
(intermolecular interaction) or undergo conformational changes and rearrangements 
(intramolecular interaction) that may depend on their localisation inside the cell. Fluorescence 
Lifetime Imaging (FLIM) is a convenient way to probe molecular interactions in the cell as it 
allows quantification of FRET in every pixel of an image. However, even though assessment 
of positive or negative interaction between molecules in an image using FLIM/FRET is 
reliable, the quantitative description of intermolecular interactions at the single cell level is 
hampered by the uneven proportion of donor to acceptor molecules in different cells. In this 
talk we will present a methodology to accurately quantify the intramolecular interaction of 
two proteins at the single cell level and we will show its application to the description of the 
regulation mechanism of the oncoprotein PDK1 (3-phosphoinositide dependent kinase-1). 
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Lecture 4 

Fast volumetric light-sheet microscopy 
O. E. Olarte1, J. Andilla1, D. Artigas1,2 and P. Loza-Alvarez1* 

1ICFO-Institut de Ciències Fotòniques, Mediterranean Technology Park,  
08860 Castelldefels (Barcelona), Spain 

2 UPC- Universitat Politècnica de Catalunya, Department of signal  
theory and communications, 08034, Barcelona, Spain 

*pablo.loza@icfo.es 

Light sheet fluorescence microscopy (LSFM) is a convenient tool for bio-imaging as it 
efficiently collects the generated fluorescence while at the same time minimizes 
photobleaching. Recently, the selective plane illumination microscopy (SPIM), being based 
on an intrinsic 2D illumination, has been put forward as an interesting candidate for fast 
volumetric imaging. In spite of this, fast SPIM implementations still rely on the movement of 
the sample or other optical elements to acquire the optical sections. This put constrains when 
imaging at high speeds, especially when working with living samples as moving artifacts 
could be adversely affect them. Overcoming this limitation, by scanning only the light-sheet 
instead, would provide real unperturbed, non-invasive imaging. 

We report on the use of an alternative version of SPIM for fast 4D (3D+time) imaging where 
only the light sheet is scanned at speeds limited only by the integration time of the camera. 
This is done without any mechanical scan of the sample. The optical setup is based on the use 
of a deformable mirror that is placed in the detection path of the SPIM microscope. 
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Lecture 5 

Nanoscopy 2.0  

Alberto Diaspro, Paolo Bianchini, Ranieri Bizzarri (+), Francesca Cella Zanacchi, Gustavo De Miguel, 
 Martì Duocastella, Marta d’Amora, Luca Lanzanò, Colin JR Sheppard, Giuseppe Vicidomini. 

 
Istituto Italiano di Tecnologia, Genova, Italy 

Università degli Studi di Genova, Italy 
Nikon Imaging Center@IIT 

(+) Istituto Nanoscienze, CNR, Pisa, Italy 

*alberto.diaspro@iit.it  

Fluorescence optical microscopy had a tremendous development in the last thirty years [1]. 
Confocal and multi-photon approaches pushed the optical sectioning ability of getting 3D 
information [2] to 3D imaging of thick specimens, including organs and tissues [3]. The 
advent of advanced spectral methods and super resolution approaches, offering unlimited 
resolution in space, opened new windows in the observation and study of cellular processes 
[4, 5].  Terms like super resolution microscopy, super or ultra microscope, optical nanoscopy 
refer to the possibility of producing images at an unlimited spatial resolution, in principle. I 
would like to mention and skip the dispute about circumventing the Rayleigh, Sparrow or 
Abbe limit simply considering things within the information capacity theory: sub-diffraction 
or super resolution can be obtained by encoding information from the saturated spatial 
channel of the microscope system into the temporal channel and decoding after the collection 
[6, 7]. The scenario cannot be frozen because of the overwhelming development of combined 
approaches around the optical nanoscope that can operate at the 10-50 nm scale surpassing the 
200 nm of the optical microscope.  Nanoscopy is mature and for this reason I think is correct 
introducing the term Nanoscopy 2.0. So, we will discuss targeted and stochastic readout 
methods expanded to multi-photon excitation (MPE)/absorption, coupled with scanning probe 
microscopy systems or incorporating fluorescence correlation spectroscopy or light sheet 
illumination schemes. Moreover, the maturity of “classical” nanoscopy approaches allows 
designing miniaturized devices and the general concepts can be applied to nanoscale 
lithography. Further advances can be obtained by contamination with information 
communication alghoritms [8]. A new world is under development around optical nanoscopy: 
it is the Nanoscopy 2.0 domain. A variety of architectures will be outlined and further 
variations on the super resolution theme addressed, including coupling with atomic force 
microscopy (AFM) and fluorescence correlation spectroscopy (FCS).   
References  
[1] Fluorescence microscopy in the spotlight. 2014. Francesca Cella Zanacchi, Paolo Bianchini, Giuseppe Vicidomini. Microsc. 
Res. Tech., 77: 479–482.  
[2] Analysis of the three dimensional cell imaging obtained with optical microscopy techniques based on defocusing.1989. Bruno 
Bianco and Alberto Diaspro.  Cell Biophys 15(3):189–200 
[3] Confocal and two-photon microscopy: foundations, applications, and advances. 2001. Alberto Diaspro (ed). Wiley-Liss, New 
York. 
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[4] Optical fluorescence microscopy: from the spectral to the nano dimension. 2010. Alberto Diaspro (ed). Springer, Heidelberg. 
[5] Nanoscopy and multidimensional optical fluorescence microscopy. 2010. Chapman and Hall/CRC, London. 
[6] Optical Systems with Resolving Powers Exceeding the Classical Limit. II. 1967. Lukosz, W. J. Opt. Soc. Am.  57, (7), 932-
939. 
[7] Information capacity and resolution in an optical system. 1986. Cox, I. J. and Sheppard, C. J. R. J. Opt. Soc. Am. A. 3, (8), 
1152-1158. 
[8] Taking three-dimensional two-photon excitation microscopy further: encoding the light for decoding the brain.2013. Alberto 
Diaspro. Microsc Res Tech 76(10):985–987 
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Lecture 6 

Superresolution in a facility 

Jana B. Nieder1, Emílio Gualda1 Pedro Almada1,2, Ricardo Henriques2, Nuno Moreno1 

Instituto Gulbenkian de Ciência1 
University College London2 

*moreno@igc.pt  

It took almost a century to overcome Abbe's formulation on diffraction-based resolution. First 
attempts were using light polarisation and interference patterns but it was in the 90's that 
Gustafsson, Hell and Cremer applied super resolution techniques on biological samples. In the 
last decade it has been extensively demonstrated that indeed the diffraction barrier can be 
broken by 1) image frequency domain reconstruction with Moiré patterns, 2) stimulated 
emission depletion around the excitation volume, 3) decreasing the excitation volume by 
interference patterns and 4) Molecular Localization Microscopy (MLM) by pinpointing 
individual fluorescent molecules for super-resolution image reconstruction. 

Currently, tremendous developments and spin-offs of the original techniques are pushing 
toward speed increase and irradiation reduction. One example is using an illumination pattern 
for a photochemical approach that mimics stimulated emission using a fast switching 
fluorescence protein [1] or simplified optical methods, e.g. using speckle patterns instead of 
predesigned structured illumination to overcome alignment artifacts, exploiting the 
possibilities related to fast computing [2]. However, despite of being photochemically 
challenging, MLM is most likely the technique which has evolved most, not so much on the 
process per se but due to the panoply of algorithms and hardware approaches[3]. Also, recent 
technical developments related to the usage of fast and sensitive sCMOS cameras and probes 
engineering, renders MLM to continue a promising technique, including the imaging of living 
cells[4] and absolute copy number counting [5]. 

This, together with cost/benefit analysis, prompt us to elect MLM for our imaging facility and 
started this year the implementation of a custom made setup. I'll present some challenges and 
our future expectations while focusing on some applications. Examples on how a simple 
approach can be applied to solve interesting biological questions will be given. 

 
References 

[1] M. Hofmann, C. Eggeling, S. Jakobs, and S. W. Hell, “Breaking the diffraction barrier in fluorescence microscopy at low 
light intensities by using reversibly photoswitchable proteins.,” Proc. Natl. Acad. Sci. U. S. A., vol. 102, no. 49, pp. 
17565–9, Dec. 2005. 

[2] J. Min, J. Jang, D. Keum, S.-W. Ryu, C. Choi, K.-H. Jeong, and J. C. Ye, “Fluorescent microscopy beyond diffraction 
limits using speckle illumination and joint support recovery.,” Sci. Rep., vol. 3, p. 2075, Jan. 2013. 
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[3] A. Small and S. Stahlheber, “Fluorophore localization algorithms for super-resolution microscopy.,” Nat. Methods, vol. 
11, no. 3, pp. 267–79, Mar. 2014. 

[4] F. Huang, T. M. P. Hartwich, F. E. Rivera-Molina, Y. Lin, W. C. Duim, J. J. Long, P. D. Uchil, J. R. Myers, M. A. Baird, 
W. Mothes, M. W. Davidson, D. Toomre, and J. Bewersdorf, “Video-rate nanoscopy using sCMOS camera-specific 
single-molecule localization algorithms.,” Nat. Methods, vol. 10, no. 7, pp. 653–8, Jul. 2013. 

[5] D. Lando, U. Endesfelder, H. Berger, L. Subramanian, P. D. Dunne, J. McColl, D. Klenerman, A. M. Carr, M. Sauer, R. 
C. Allshire, M. Heilemann, and E. D. Laue, “Quantitative single-molecule microscopy reveals that CENP-A(Cnp1) 
deposition occurs during G2 in fission yeast.,” Open Biol., vol. 2, no. 7, p. 120078, Jul. 2012.  
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Lecture 7 

Fluorescence labelling for super-resolution microscopy 

Cristina Flors 

Instituto Madrileño de Estudios Avanzados en Nanociencia (IMDEA Nanociencia) 

cristina.flors@imdea.org  

The development of new fluorescent labels and labelling strategies has been crucial in the 
expansion of super-resolution microscopy in the last decade. In this lecture I will provide a 
practical guide to choose a suitable labelling strategy for super-resolution fluorescence 
imaging. Particular emphasis will be put on localization-based super-resolution methods 
(PALM/STORM techniques), where the requirement for fluorescence photoactivation or 
photoswitching adds complexity to the experimental design. Finally, I will discuss the recent 
implementation in our laboratory of a correlative microscope that allows super-resolution 
imaging and atomic force microscopy of the same area of a sample. This novel microscope is 
useful to optimize labelling methods and image reconstruction protocols, as well as to answer 
new biological questions. 
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Lecture 8 

Super-resolution microscopy with Conical Diffraction 
Spencer Shorte 

Imagopole, Institut Pasteur Paris. 

sshorte@pasteur.fr 

In the context of a plethora of technologies for optical light microscopy and electron 
microscopy there is an emerging view that we are at the verge of a renaissance where the 
dynamics of living biology might be probed non-invasively, in real-time, with ultra-structural 
resolution using visible light. Nonetheless, there are still many challenges ahead, especially 
arising from sample preparation, the type of fluorescent probes available, and the damaging 
nature of high intensity illumination to the biology of interest. Toward these goals, in 
collaboration with our partners BioAxial (Paris, France) we present a new technology for 
super-resolution, based on conical diffraction beam shaping and laser-scanning microscopy 
using a set of Pockels’ cells, and a thin biaxial crystal. Compared to existing super-resolution 
modalities, our technology is distinguished by the unique combination of several performance 
features, including: i) two-four times resolution improvement compared with conventional 
imaging; ii) highly reduced light illumination, and iii) no requirement for specific sample 
preparation, or fluorophores. Biaxial-imaging, is convenient to install and simple to use, 
mounting directly to the scanner illumination of any commercial confocal microscope. 
Consequently, biaxial-imaging is highly convenient for combining classical and super-
resolution imaging modalities without a reconfiguration overhead. We present validation 
studies confirming theoretical predictions, and showcase examples of high quality super-
resolved images of biological objects, discussing its potential for dynamic, time-lapse super 
resolution imaging of living cells.  

Caron J, Fallet C, Tinevez JY, Moisan L, Braitbart LP, Sirat GY, Shorte SL. (2014) Conical diffraction illumination opens the way 
for low phototoxicity super-resolution imaging. Cell Adh Migr. 2014 Jun 6; 8(4) 
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Core Management – An Entrepreneurial Endeavor 
 

Tim Bushnell PhD 

Director, University of Rochester Medical Center Shared Resource Laboratories, Rochester NY 14642 

tim_bushnell@urmc.rochester.edu  

At its very essence, running a core facility (or Shared Laboratory Resource – SRL) is like 
starting and running a small business. It's no longer enough to have a particular skill set in 
biology and technology. To truly provide a service, the SRL director must have the mindset 
and skillset of an entrepreneur.  These skills are not often taught in graduate school, and are 
mostly learned on the job – hopefully before you lose business or funding. 

There are five skills areas that all SRL managers need to know: 

• Strategic Planning  
• Marketing and Communication 
• Beyond Time Management 
• Assessing Success  
• Budgeting For the Present.  

Taken together, these five skills will help any SRL director succeed in more than just 
expanding the technology to answer scientific questions.  
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Short-communication 1 

Multimodal Nonlinear Optics Microscopy Platform 
Integration to Understand Cancer Transformation 

Javier Adur1,2,*, Carlos L. Cesar3 and Víctor H. Casco1 

1Microscopy Laboratory Applied to Molecular and Cellular Studies (LAMAE). Engineering School. 

National University of Entre Rios (UNER). (3101) Oro Verde. (E. R.) Argentina. 

2Research and Transfer Center of Entre Ríos (CITER). CONICET-UNER (3101) Oro Verde. (E. R.) 

Argentina. 

3 Biomedical Lasers Application Laboratory. Research Center in Optical and Photonic. Physical 

Institute “Gleb Wataghin”. University of Campinas (UNICAMP). Brazil. 

*jadur@bioingenieria.edu.ar   

To gain understanding of biological processes is a good starting point to have tools capable of 
real time non-destructive observations in space and time. An integrated multimodal 
microscopy platform is one of the more adequate approaches to gather all available 
information during each cell process. We built such a totally integrated multimodal instrument 
including the following microscopy techniques: multi/single photon spectral confocal, 
Second/Third Harmonic Generation, and Fluorescence Lifetime Imaging [1]. These 
nondestructive techniques have the potential to offer new insights into complex 
developmental processes of many biological settings. Two photon excited fluorescence 
provides functional information of molecules, while second harmonic generation and third 
harmonic generation microscopy can be used to image organized biological extracellular and 
subcellular structures and interfaces [2]. Furthermore, FLIM is sensitive to the chemical 
microenvironment around the fluorophores such as pH, ion and oxygen concentration [3]. 
Nonlinear optical (NLO) microscopy has evolved as an alternative to conventional single-
photon confocal microscopy and has been shown to provide several advantages. These 
include 3D resolved fluorescence imaging of living cells depth in tissue thickness, strongly 
scattering samples, and reduced photo-toxicity, enabling long-term imaging [4]. NLO signals 
depend on the probability of finding more than one photon in space and time, which is 
dramatically enhanced at the focus of a pulsed femtosecond laser. Moreover, the light pulse 
repetition is a natural clock to perform Fluorescence Lifetime Imaging. In this work we show 
how to build a nonlinear/multiphoton microscope on a commercial confocal system platform, 
easy-to-operate, capable to perform TPFE, SHG, THG, and FLIM imaging, using only the 
standard fs Ti:sapphire laser. We present the physical evidences of the higher harmonics 
presence and applied this multimodal system to analyze and to detect early changes during 
cancer progression. 

http://cepof.ifi.unicamp.br/index.php/us/research/research-topics/biophotonics/biomedical-lasers-applications-laboratory
http://cepof.ifi.unicamp.br/index.php/us/research/research-topics/biophotonics/biomedical-lasers-applications-laboratory
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Short-communication 2 

To What Extent Is Your Tissue Clear? Optical clearing of 
the mouse brain and light attenuation quantitation 

 

Angela d’Esposito1, Daniil Nikitichev2, Adrien Desjardins2, Simon Walker-Samuel1 and Mark F. 
Lythgoe1 

1 Centre for Advanced Biomedical Imaging, UCL, UK,  
2Department of Medical Physics and Biomedical Engineering, UCL, UK 

angela.d’esposito.12@ucl.ac.uk 
 

Biological tissue can be made optically transparent by reducing light scattering in order to 
image molecular information in 3D1. However the extent of clearing is limited by the clearing 
technique. We have developed a method to assess the quality of clearing in mouse brain and 
have assessed three different clearing approaches (BABB, pBABB, CLARITY). 

2mm thick sagittal brain slices (n=24) from perfused mice were optically cleared with the 
three examined techniques.  
BABB and pBABB: samples were dehydrated in MeOH then transferred for clearing to 
BABB (1:2 benzyl alcohol: benzyl benzoate mixture. Additional step for pBABB: samples 
were sumberged in a 4:1:1 MeOH: dimethyl sulfoxide: hydrogen peroxide mixture prior to 
dehydration. 
CLARITY: samples were cleared according to the published protocol2. 
Transmission spectra of the brains were acquired with a custom made system. Light source is 
coupled to an optic fibre to illuminate the sample. The spectra, acquired by a spectrometer, 
were measured in three regions (region 1: olfactory bulb, region 2: pons, region 3: 
cerebellum). 100 spectra were taken under the same conditions and averaged using Matlab. 

The optical clearing level varies within the brain, depending on structure and composition of 
each area. The samples cleared with pBABB and BABB resulted in lower absorption peaks 
(pBABB: 0.7, BABB: 0.68, CLARITY: 1.38) when compared to CLARITY. The latter 
presented a maximum of absorption at higher wavelengths.  

The slices were then imaged with Optical Projection Tomography to study light attenuation in 
the whole brain section with three different channels. 

This work shows a novel way to quantify efficiency of optical clearing protocols, which is 
essential to evaluate imaging data. Furthermore, assessing the transparency of a cleared tissue 
is important when imaging with systems like Optical Projection Tomography, since reduced 
light scattering can lead to higher spatial resolution and better contrast. 
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Short-communication 3 

Identification of pollen taxon from microscopic image 
analysis 
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Palynology is the study of pollen grains produced by seed plants and spores. It includes 
pollen identification, which is needed in several domains such as medicine, oil industry or 
apiculture [1]. Currently, this task is based on visual inspection of microscopy images, being 
time-consuming and costly. In this study, automated classification of brightfield microscopic 
pollen samples is addressed in order to assign each pollen grain to one of a set of categories 
(taxa). To this end, image processing techniques were applied. 
 
Pollen images were captured using a NIKON E200 microscope and a camera NIKON DS-Fi1 
(40x magnification). The acquisition consisted in stacks with 31 images of the slide in order 
to ensure an optimum focus. Subsequently, pollen grains were manually extracted from the 
best-focused image by defining a rectangular region. Pollen samples from 15 different taxa 
were captured: Aster, Brassica, Campanulaceae, Carduus, Castanea, Cistus, Cytisus, Echium, 
Ericaceae, Helianthus, Olea, Prunus, Quercus, Salix and Teucrium. The database was 
composed of 120 brightfield microscopy images per pollen taxon, resulting in a total of 1800 
images. 
 
A pattern recognition approach (feature extraction and classification) was adopted for pollen 
grain classification. Feature extraction was carried out through pollen texture analysis using 
Discrete Tchebichef Moments (DTM) [2]. Pattern classification was implemented by means 
of discriminant analysis and K-nearest neighbour algorithms. 
 
Ten-fold cross-validation was applied to estimate classification accuracy from the dataset 
of 1800 images [3]. A classification performance of 92.06% was achieved. 
 
From our results, we conclude that texture is a distinctive characteristic of the pollen taxon. 
Thus, it could be used in applications pursuing automatic identification of pollen taxa. 
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Biological applications for 3D STED microscope systems 
with two depletion lasers 

Timo Zimmermann 
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Stimulated Emission Depletion (STED) constitutes a powerful method for resolution 
improvement beyond the diffraction limit in light microscopy. Additional time-gating 
(gSTED) of the detected fluorescence signal in systems with continuous wave (CW) laser 
depletion improves image resolution even further. 

Until recently, these improvements were limited in gated CW-STED systems to the lateral 
resolution of the image and mainly to the depletion at 592 nm of fluorophores that emit in the 
green range of the spectrum. 

The recently introduced possibility to flexibly improve axial resolution in STED imaging and 
the introduction of an additional laser line for depletion at 660nm offer new ways to image 
biological samples. We have taken highly resolved 3D stacks and multichannel datasets of a 
variety of specimens and structures to make full use of these new features for several projects 
using the improved z-resolution and orange to red dyes and dye combinations for the new 
depletion laser line. 

The requirements to take a high number of z-sections and the role of deconvolution for the 
processing of STED datasets will be discussed. Also, examples of multichannel 
measurements using 592nm only, 660 nm only and also a conmbination of the two 
wavelengths for depletion will be given.  
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iMSRC: using open source software to convert a standard 
automated microscope into an intelligent screening 

platform 

Joaquim Soriano1#, Manuel Perez-Martínez1#, Ángel Carro2, David Pisano2, and Diego Megías1* 
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Commercial microscopes' acquisition software packages offer a ready-to-go, easy-to-use 
solution to most common experimental set ups. However they do not usually cover every 
possible application a user might need nor do they always meet the researcher's exact 
requirements. On the other hand, open-source acquisition software usually matches its 
designer's needs. Unfortunately, it is typically less user-friendly than its commercial 
counterparts, installation requires more time and effort and is sometimes limited by, for 
example, driver availability. 

We have explored the possibility of increasing our commercial microscopes' flexibility 
through the use of open-source software to interact with proprietary acquisition software. The 
result has been the merging of the benefits of commercial and open source acquisition 
software: a straightforward method of implementing new experimental designs (or boosting 
the efficiency of already existing ones) by continuing to use proprietary software, which 
entails no further monetary outlay. 

iMSRC (intelligent Matrix Screener Remote Control) is a software that: 1, converts a standard 
automated microscope into one capable of automatically detecting and capturing objects of 
interest, allowing for new applications such as rare event detection; 2, extends Leica's Matrix 
Screener capabilities by allowing, among other things, the capturing of multiple varisized 
mosaics; and, 3, avoids non-informative area acquisition, optimizing resources and capturing 
time. 

iMSRC can be either installed locally on to a microscope's workstation or accessed through a 
network. The latter is particularly useful to core facilities and laboratories that share 
equipment, since a single iMSRC installation can manage all instruments, centralizing all 
required utilities and ensuring safety and administration through password authentication. 

iMSRC is free, easy to install, fully compatible with both confocal and widefield microscopes 
and accessible to any user, independently of their programming or microscopy skills. 
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Suites of plugins to enhance the capabilities of ImageJ 

Manel Bosch 

Unitat de Microscòpia Òptica Avançada – Campus Diagonal.  
Centres Científics i Tecnològics de la Universitat de Barcelona (CCiTUB) 
Av. Diagonal, 643. Facultat de Biologia, Ed. Prevosti, 1ª. 08028 Barcelona  

mbosch@ccit.ub.edu 

ImageJ has become an essential tool for all microscopy labs and facilities as it fulfils most of 
the image processing and analysis requirements. One of the keys of its success is that users 
themselves have the possibility to extend its functionality with short add-on programs. These 
add-ons can be macros or plug-ins depending on the programming language in which they are 
written. 

There is a long list of plug-ins and macros freely available. Some of them are distributed with 
the core but most are available as downloads from the ImageJ or third-party websites. These 
add-ons moreover, can be distributed individually or grouped in suites of a more specific 
functionality. 

In this workshop I will present two suites of plugins and macros: BioVoxxel and 3D ImageJ 
suite. The first one is designed to enhance some of the segmentation and analysis 
functionalities already available in ImageJ. For instance it includes an Extended Particle 
Analyzer which allows to further restricting the analysis of particles by using more parameters 
than the original Particle Analyzer. The 3D ImageJ suite on the other hand, is designed to 
enhance the 3D capabilities of this software. It includes several features such as a collection 
of 3D filters or a 3D ROI Manager. 

Moreover both sets of plug-ins are available as update sites in Fiji (a distribution of ImageJ) 
meaning that any improvement or new version the developers perform can be updated is the 
user’s version of ImageJ. 

 
References 
[1] Fiji: an open-source platform for biological-image analysis. 2012. J. Schindelin, I. Arganda-Carreras, E. Frise, V. Kaynig, M. 
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Tomancak and A. Cardona. Nature Methods 9(7): 676-682. 
[2] Biovoxxel web page: http://www.biovoxxel.de/macros.html 
[3] TANGO: A Generic Tool for High-throughput 3D Image Analysis for Studying Nuclear Organization. 2013. J. Ollion, J. 
Cochennec, F. Loll, C. Escudé, T. Boudier. Bioinformatics. 29(14):1840-1.  
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MicroManager – How to configure and use it. Some 
examples 

Miguel Galarraga 

Center For Applied Medical Research (CIMA). University of Navarre, Pamplona 

mgalarraga@unav.es  

Imaging with automated microscopes has become essential in biological research. Software 
control of microscopes and associated hardware (shutters, filter wheels, stages, cameras, etc) 
is a need, but different manufacturers and protocols with closed software packages, trying to 
provide a complete solution, can be restrictive. The users are pretty much dependent on the 
vendor for fixing problems, adding new functionality and supporting new devices [1,2]. Open 
source software can be an alternative, as it is software that can be freely used, changed, and 
shared (in modified or unmodified form) by anyone [3].  
This workshop will give a short overview of MicroManager (µManager) “an Open Source 
software for image acquisition and control of microscopes”, showing its installation, 
configuration, with examples of use and possibilities. µManager is said to work with almost 
all microscopes, cameras and peripherals on the market, providing an easy to use interface to 
run microscopy-based experiments for most common tasks performed in a Life Science 
laboratory.  
µManager also is a software framework for implementing advanced and novel imaging 
procedures, extending functionality, customization and rapid development of specialized 
imaging applications. It includes a platform for developing automated acquisition and analysis 
routines and also allows using external programming interfaces as Python and Matlab to 
control it. 
µManager runs as a plugin to ImageJ. If you like and use ImageJ, or have limited resources, 
Micro-Manager would be your natural choice: it is free, integrated with ImageJ and supports a 
decent number of cameras and other devices. Also, if you are new to microscopy you will 
appreciate its simple and uncluttered user interface. But if you do have a nice budget, or if you 
already use another software package, you'll have to make a tough decision whether to invest 
time and energy in Micro-Manager, or go with some of the established commercial solutions 
[4]. 
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The Open Microscopy Environment: Open Image 
Informatics for the Biological Sciences 

Petr Walczysko1 and the OME Consortium2 
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Despite significant advances in biological imaging and analysis, major informatics challenges 
remain unsolved: file formats are proprietary, storage and analysis facilities are lacking, as are 
standards for sharing image data and results. The Open Microscopy Environment (OME) [1] 
is an open-source software framework developed to address these challenges. OME tools 
include - an open data model for biological imaging: OME data model; an open file format 
(OME-TIFF) and library (Bio-Formats [2]) enabling free access to images (5D+); a data 
management server (OMERO [3]). 
The Java-based OMERO client-server platform comprises an image metadata store, an image 
repository, visualization and analysis by remote access, allowing sharing and publishing of 
image data. OMERO provides a means to manage the data through a multi-platform API. 
OMERO’s model-based architecture has enabled its extension into a range of imaging 
domains, including light and electron microscopy, high content screening and recently into 
applications using non-image data from clinical and genomic studies. Several applications 
using OMERO have now been released by the OME Consortium, including a FLIM analysis 
module, an object tracking module, two image-based search applications, an automatic image 
tagging application [4]. 
Our current version, OMERO-5 improves support for large datasets e.g. light-sheet, digital 
pathology, high content screening and reads images directly from their original file format, 
allowing access by third party software. This is made possible using the Bio-Formats library. 
OMERO and Bio-Formats run the JCB DataViewer [5], the world’s first on-line scientific 
image publishing system and several other institutional image data repositories (e.g. [6], [7]). 
 [1] http://openmicroscopy.org 

[2] http://openmicroscopy.org/site/products/bio-formats 

[3] http://openmicroscopy.org/site/products/omero 

[4] http://www.openmicroscopy.org/site/products/partner 

[5] http://jcb-dataviewer.rupress.org/ 

[6] http://odr.stowers.org 

[7] http://emdatabank.org/ 
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"GAP, a new aequorin-based fluorescent protein probe for 
imaging Ca2+ in organelles" 

Maria Teresa Alonso1, Jonathan Rojo-Ruiz1, Paloma Navas-Navarro1, Francisco Javier Aulestia1, and 
Javier Garcia-Sancho1 

1Instituto de Biología y Genética Molecular (IBGM), Universidad de Valladolid & Consejo Superior de 
Investigaciones Científicas (CSIC), c/ Sanz y Forés, 3, 47003 Valladolid, Spain 

jgsancho@ibgm.uva.es 

Genetically encoded calcium indicators (GECI) allow monitoring subcellular Ca2+ signals 
inside organelles. Most GECI contain endogenous calcium-binding proteins whose 
functionality in vivo may be perturbed by competition with cellular partners. We describe 
here a novel family of fluorescent Ca2+ probes based on the fusion of two Aequorea victoria 
proteins, GFP and apo-aequorin (GAP). Both proteins have been used extensively with no 
report of interferences with Ca2+ homeostasis or other secondary effects. GAP exhibited green 
fluorescence whose excitation spectrum was shifted by Ca2+. GAP displayed a unique 
combination of features: dual-excitation ratiometric imaging, high dynamic range, good 
signal-to-noise ratio, insensitivity to pH and Mg2+. Ca2+ affinity could be tuned by mutations 
in the aequorin EF hands. Ca2+ calibration was uncomplicated with a maximum ratio increase 
of three to fourfold and a Hill coefficient of 1. We have targeted GAP to five distinct 
organelles and behaviour was as expected for a selective Ca2+ probe. Both, virus-induced 
expression as well as cell lines stably expressing targeted GAPs were successfully achieved. 
Transgenic mice for endoplasmic reticulum-targeted GAP exhibited a robust long-term 
expression and reproducible performance in various neural tissues including hippocampus, 
cerebral cortex, cerebellum, spinal motor neurons or dorsal root sensory neurons. Expression 
pattern in other tissues will be advanced. This biosensor fills a gap in the actual repertoire of 
Ca2+ indicators for organelles and is a valuable tool for in vivo Ca2+ imaging applications. 
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"Use of nanoparticles for the in vivo tracking of neural 
precursor migration in response to brain damage" 
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Adult neurogenesis is restricted to specific brain regions. The subventricular zone of the 
lateral ventricles (SVZ) and the subgranular zone of the dentate gyrus of the hippocampus 
(SGZ) [1] are the principal and more studied regions. In the SVZ, B1 astrocytes generate 
neuroblasts and glial precursors through different intermediate precursors [2]. Neural 
precursors call as neuroblasts represent the predominant migrating cell type in the adult 
mouse brain. Although involved in the continuous supply of interneurons for the olfactory 
function, the role of neural precursors in brain damage-repair remains an open question. 
Aiming to identify in vivo endogenous neural precursor cells migrating towards a brain 
damage site, the monoclonal antibody Nilo2 recognizing cell surface antigens on neuroblasts 
[3], was coupled to magnetic glyconanoparticles (mGNPs) [4, 5]. The Nilo2-mGNP 
complexes allowed, by magnetic resonance imaging in living animals, the in vivo 
identification of endogenous neural precursors at their niche, as well as their migration to the 
lesion site in response to a brain tumor, which was fast (within hours) and orderly [6]. 
Interestingly, the rapid migration of neuroblasts towards a damage site is a characteristic that 
might be exploited to precisely localize early damage events in neurodegenerative diseases. In 
addition, it might facilitate the study of regenerative mechanisms through the activation of 
endogenous neural cell precursors. A similar approach, combining magnetic 
glyconanoparticles linked to appropriate antibodies could be applied to flag other small cell 
subpopulations within the organism, track their migration, and localize stem cell niches, 
cancer stem cells or even track metastatic cells. 
References  
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 “New nanoprobes for intracelullar thermal sensing” 
 

Daniel Jaque, Blanca del Rosal, Emma Martín Rodríguez, Laura Martínez Maestro, Patricia Haro-
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The importance of high resolution intracellular thermal sensing and imaging in the field of 
modern biomedicine has boosted the development of novel nanosized fluorescent systems 
(Fluorescent Nanothermometers) as the next generation of probes for intracellular thermal 
sensing and imaging. This thermal mapping requires fluorescent nanothermometers with good 
biocompatibility and high thermal sensitivity in order to obtain submicrometric and subdegree 
spatial and thermal resolutions, respectively. This review describes the different nanosized 
systems used up to now for intracellular thermal sensing and imaging. We also include the 
later advances in molecular systems based on fluorescent proteins for thermal mapping. A 
critical overview of the state of the art and the future perspectives is also included. 
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Tests and tools to monitor confocal microscopes’ 
performance 
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Nowadays confocal laser scanning microscopy (CLSM) is a standard technique in all 
microscopy facilities working on biosciences. The performance of such equipments however, 
is not so well standardized and in some cases it is not even checked. Maintenance and 
optimization for ideal performance of such instruments is the only way to ensure the accuracy 
and comparability of the data recorded on a confocal microscope. 

There are several benefits of having quality assurance tests to monitor the performance of 
confocal microscopes. These tests can help for instance: 1) improving scientist’s research 
confidence and credibility; 2) ensuring optimal performance of these instruments over time; 
3) reducing the time the microscope technical services will spend fixing a problem once it is 
known the parameter that is out of range; 4) comparing and evaluating new equipment before 
purchasing. 

Several guidelines and protocols showing what parameters may be monitored and how to 
monitor them have been published. Moreover two world-wide test of CLSM performance 
have been done to define relative standards to provide a quality assurance basis for the 
different optical microscopy cores. In this workshop I will show the quality assurance 
protocol established in the Advanced Optical Microscopy platform of the Scientific and 
Technological Centers of the University of Barcelona (CCiTUB). They are part of the 
certificate process for the quality management standard UNE-EN-ISO 9001 that the CCiTUB 
have implemented since 2005.  

On the other hand I will also talk about two software tools that have been developed to help 
monitoring the quality of the confocal’s performance. These tools (MetroloJ and 
ConfocalCheck) are plug-ins for the imageJ software package and store the results in a format 
that facilitates the comparison of data of the same system over time or across different 
instruments. 
References: 
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Cole, R.W., et al. 2011. Nature Protocols. 6, 1929-1941.  
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Developer Conference 2010 proceedings. 
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Tools and strategies for advanced fluorescence microscopy 

Jordi Andilla1 

1Super resolution light microscopy and nanoscopy (SLN)  
ICFO -The Institute of Photonic Sciences - Mediterranean Technology Park 

Av. Carl Friedrich Gauss, Nº 3. 08860 Castelldefels (Barcelona),  

jordi.andilla@icfo.es 

Current research in biology is motivating a fast and important development of new techniques 
in fluorescence microscopy. Non-linear microscopy, super-resolution or light sheet 
microscopy are clear examples of this fact. In this work, we will see some basic principles of 
these techniques 
as well as the different characteristics that determine the image quality obtained with each of 
them. Some tools and strategies to evaluate and improve the systems will be presented. These 
strategies are adapted to the different characteristics of each microscope. These include the 
analysis of the 3D point spread function (PSF), the study of the contrast by using the Fourier 
transform, the uniformity and quality of the illumination or the stability of the system. Finally, 
we will see some examples of the target samples that can be used to characterize each system. 
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Performance check and optimization in widefield microscopy 
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Obtaining reliable, reproducible and high quality results in widefield microscopy is frequently 
a complex task, due to the great number of factors influencing the results and also the lack, for 
many parameters, of valid references or numeric measurements that provide information 
about the real performance of the system. For getting the most out of a microscopy system in 
a certain application there are three different levels of adjustment that should be optimized: 

1. Nominal performance of the system: There are some technical aspects of the system 
that will benefit of a periodical checking, including some protocols and useful samples 
and devices to check this performance. Lamp intensity, repositioning accuracy, 
illumination homogeneity or camera performance are some of these. 

2. Working parameters and image quality: optimization of microscope and camera 
adjustments to adapt the performance to different samples and applications. There is 
no standard to fit, in general but most of the parameters and their adjustment 
procedure will be described 

3. Sample: some aspects to take in account in sample preparation that also will influence 
the outcome. 
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Quantitative FRAP Analysis 
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Fluorescence Recovery After Photobleaching (FRAP) is a powerful and widely used 
technique to investigate molecular dynamics inside living cells. FRAP requires a 
photobleaching step to be performed at a defined region of interest, with subsequent 
monitoring of fluorescence recovery providing a measure of molecular mobility into the 
bleached region [1]. FRAP can be easily performed with point-scanning confocal laser 
scanning microscopes but it is also available in spinning disk confocal microscopes or even 
widefield systems with additional illumination masks or positionable laser modules. But while 
it might be easy to perform a FRAP experiment, choosing an analysis method and extracting 
quantitative parameters from a FRAP recovery curve often constitutes the most difficult step 
and a potential source of erroneous interpretations of FRAP data [2]. In this lecture, I will 
show typical examples of FRAP approaches for quantifying molecular dynamics [3] and the 
necessary image processing and data normalization steps required for obtaining FRAP 
recovery curves. I will also review quantitative FRAP analysis approaches and the models 
they are based on, which include recovery in the presence of binding [4]. Guidelines will be 
provided for selecting the appropriate models to extract mobility and binding parameters and 
most importantly, to identify the limits to such quantitative approaches. Finally, examples of 
numerical models and computer simulations approaches for quantitative FRAP analysis will 
be discussed. 
References 
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Davide Mazza, Timothy J Stasevich and James McNally. Curr Opin Cell Biol. 22(3), 403-11 
[3] Imaging dynamic interactions between spliceosomal proteins and pre-mRNA in living cells. 2014, José Rino, Robert M 
Martin, Teresa Carvalho and Maria Carmo-Fonseca. Methods. 65(3), 359-66 
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Fluorescence Recovery After Photobleaching (FRAP) in 
the study of protein kinetics: data analysis, modeling and 

parameter inference 
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1 Department of General Biology, University of Patras, Rio, Greece 
*equally contributing authors 

nickngiak@gmail.com  

 Fluorescence Recovery After Photobleaching (FRAP) is a functional imaging 
technique that permits the exploration of protein dynamics in living cells. During a FRAP 
experiment, molecules tagged with a fluorescent protein are irreversibly bleached by a short 
laser pulse applied to a defined subcellular region while the recovery of the fluorescence is 
measured by time-lapse microscopy. FRAP experimental data consist of recovery curves and 
provide information on kinetic parameters of the bleached molecules, reflecting biomolecular 
interactions within the cell [1]. 

 Raw experimental FRAP curves must be processed to permit biologically significant 
conclusions to be drawn. Qualitative inspection of raw curves is followed by pre-processing, 
which involves the removal of noise, systematic bias and artifacts and aims to produce clean 
and comparable data. Then, curve fitting permits the extraction of quantitative parameters, 
such as the fraction of immobile molecules and the half-maximal recovery time [2]. Model-
based FRAP analysis involves the development of analytical expressions of diffusion, binding 
and photobleaching processes and is used to estimate the parameters of the underlying 
kinetics (e.g. diffusion constants, bound fraction etc.) [1]. Recently, the increasing power of 
computational resources has enabled modeling and simulation of diffusion and binding at a 
particle level within realistic environments. In this context, numerical models of FRAP 
experiments are becoming increasingly popular [3] [4].  

 In this talk, a complete workflow for the analysis of FRAP data will be proposed, 
comprised of methods for pre-processing, curve-fitting, modeling and parameter inference. 
Existing software tools will be presented, focusing on the advantages of alternative methods 
and the interpretation of results. EasyFRAP, an interactive tool for analysis of FRAP data will 
be presented [2]. In addition, a kinetic parameter inference method, based on stochastic 
modeling of diffusion and binding will be introduced [5]. Last, applications and examples 
using FRAP experimental data will be discussed.   
References  
[1] Kinetic modelling approaches to in vivo imaging. (2001) R.D. Phair and T. Misteli. Nat Rev Mol Cell Bio. 2, 898-907. 
[2] easyFRAP: an interactive, easy-to-use tool for qualitative and quantitative analysis of FRAP data. (2012). M.A. Rapsomaniki, 
P. Kotsantis et al. Bioinformatics. 28, 1800-1801. 
[3] Using the Virtual Cell Simulation Environment for Extracting Quantitative Parameters from Live Cell Fluorescence Imaging 
Data. (2009). A.E. Cowan, L Ye et al. Microsc Microanal. 15, 1522-1523. 
[4] Fluorescence recovery after photobleaching (FRAP) to study nuclear protein dynamics in living cells. (2009). M.E. van 
Royen, P. Farla et al. Methods Mol Biol, 464, 363-385. 
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Workshop 5: Machine Learning, Supervised Image 
Analysis. Teach the computer to classify with no math, no 

parameter, no rule 
 

Sébastien Tosi and Julien Colombelli 

Advanced Digital Microscopy. Instituto de Investigación Biomédica. Universidad de Barcelona. 

julien.colombelli@irbbarcelona.org 

The manual analysis of a large pool of microscopy images is at best cumbersome, and often 
unpractical. A common and unfortunate practice to relieve this burden is to simplify the 
analysis and sacrifice a substantial part of the information available, a loss barely affordable 
in these times of exploding microscopy sophistication. Automatic BioImage analysis can 
broaden this bottleneck but, unless the problem under study is simple or already addressed by 
existing well documented software, it often calls for qualified software scientists.  

Supervised learning is a statistical framework that can address this seemly dead-end by 
transferring part of the image analysis design to the biologist. It is usually implemented as 
user friendly tools that can adapt to a wide range of scenarios without having to modify a 
single line of code. This trick is achieved by making  the most crucial part of most image 
analysis workflows more abstract: the definition of good models to capture the objects, or 
structures, to be identified in the images. During an iterative phase called “the training”, the 
user is asked to pick several sample objects illustrating each object class. At each step some 
images are automatically analyzed and the results of the object classification are interactively 
presented to the user who can refine them by broadening the selection of sample objects. This 
is an active process which requires critical view on the partial results, only then after can the 
analysis be safely launched on the whole dataset. 

We will i} introduce the foundations of Supervised Machine Learning and ii} will demo some 
state-of-the-art open source tools (Trainable Weka Segmentation, Ilastik, CellProfiler 
Analyst) in the context of actual applications (tissue classification in Histology, 3D object 
segmentation with organs and embryos, cell classification). 

The session will start with an introductory talk by Delisa Garcia from Andor-Bitplane, kindly 
sponsoring the Workshop. 
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Recent advances in microscopy illumination systems  

Daniel Jaque1 

Fluorescence Imaging Group, departamento de Fisica de Materiales, Facultad de Ciencias, 
Universidad Autonoma de Madrid, Madrid 28049, Spain 

*daniel.jaque@uam.es 

In this talk a general overview of the latest advances in illumination sources for modern 
optical microscopy will be presented. Illumination sources and systems are essential blocks 
for the development of optical microscopy systems that could face the novel restrictions that 
continuously appear when dealing with biological specimens. In particular, special 
illuminations sources should be used in order to reduce laser induced damage while increasing 
resolution and penetration lengths. The effects that the illumination parameters (such as 
wavelength, polarization, time modulation, pulse duration and so on) have on the sample 
viability and image resolution will be discussed. Finally, application of novel illumination and 
detection systems for multifictional (optical+thermal) imaging will be also discussed.  
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Which is the best scientific camera for my application? 

Jorge Ripoll1,2 

1Department of Bioengineering and Aerospace Engineering, Universidad Carlos III of Madrid, 28911 
Madrid, Spain. 

2Experimental Medicine and Surgery Unit, Instituto de Investigación Sanitaria Gregorio Marañón, 
28007 Madrid, Spain 

jorge.ripoll@uc3m.es  

There have been considerable advances in the development of new scientific optical imaging 
cameras, ranging from the highly sensitive electron-multiplied CCD cameras to the latest 
scientific CMOS cameras. Choosing which is the most optimal configuration for a particular 
imaging system is not always trivial, and will ultimately dictate the signal to noise ratio and 
the maximum acquisition speed of the system. In this talk an overview of the different 
scientific cameras currently available will be presented, explaining with real examples the 
advantages of each type of camera and situations in which the potential of each approach can 
be exploited to the maximum. 
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Optical Detectors for Microscopy and their Working 
Principles 

Jordi Sobrino 

Hamamatsu Photonics, C. Argenters 4 edif 2, Parque Tecnológico del Vallés, 
08290 CERDANYOLA - Spain  

jsobrino@hamamatsu.es  

Fluorescence Microscopy has become an essential tool in biology and the biomedical sciences 
for imaging cellular and sub-microscopic cellular components. The quality of the images 
greatly depends on the detector used for capturing those fluorescent photons. 

We will review the detectors used in Fluorescence Microscopy and shed some light on their 
working principles, focusing on Photomultiplier Tubes (PMTs), Hybrid Photodetectors 
(HPDs) and APDs. Finally, a review of the next generation of detectors to come will be 
briefly commented.  
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Workshop 7: New developments and alternatives in 
Microscopy 
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Deep and clear optical imaging by using adaptive optic 
devices 

MASSON Aurore1,2, CLERC Magali1,2, TOD Samuel1,2, DUCOMMUN Bernard1,2,3 and LORENZO 
Corinne1,2 

1Université de Toulouse, ITAV-USR3505, F-31106 Toulouse, France 

2CNRS, ITAV-USR3505, F-31106 Toulouse, France 
3CHU de Toulouse, F-31059 Toulouse, France 

 
*corinne.lorenzo@itav.fr  

Today, non-linear laser scanning microscopy (e.g. two-photon microscopy) and, more 
recently, Light Sheet Fluorescence Microscopy (LSFM) have enabled live imaging of 
fluorescent samples with high lateral and axial resolution and across depths of several 
hundreds of microns. However, these microscopes suffer from the aberration induced by the 
specimen. Spatial variations in the refractive index of the specimen cause major changes to 
the light path, resulting in aberrant images. These effects are particularly marked when 
inhomogeneous, thick biological specimens are investigated; loss of signal and contrast in the 
deepest regions of the sample thus impairs the in-depth imaging capability. Astronomers 
solve an equivalent problem of atmospheric-induced aberrations with adaptive optics. The 
method consists in measuring the distortions in a wave front and compensating them with a 
spatial light modulator such as a deformable mirror in order to approach the optimum 
performance of an imaging system. 

The combination of adaptive optical elements with optical sectioning microscopes enables to 
solve several problems: 

•  To correct for aberrations arising from three-dimensional refractive index variations 
within the sample 1 

• To correct aberrations due to refractive index mismatch between the immersion 
medium and the biological samples 2 

• To use the adaptive element to focus through thick samples without moving the 
sample or the objective 

We will review recent developments in adaptive microscopy, including methods and 
applications. 

References 

(1) Deep and clear optical imaging of thick inhomogeneous samples. (2012) PLoS One 7, e35795 (2012). 
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Compressive Sensing in Microscopy 
 

J. Lancis1, A. D. Rodríguez1, E. Tajahuerce1, and P. Andrés2 

 
1GROC·UJI, Universitat Jaume I, Castelló, E-12080, Spain 

2Departament d’Òptica, Universitat de València, Burjassot, E-46100, Spain 
 

Abstract:  
A recent breakthrough in information theory known as compressive sensing 
(CS) is one element of an ongoing revolution in data acquisition and 
processing that allows one to acquire less data though still recover the same 
amount of information as traditional techniques, meaning less resources such 
as time, detector cost, data processing and storage. This work presents an 
implementation of CS in microscopy. Our CS microscope leverages a scene’s 
compressibility to recover an image from an undersampled series of incoherent 
projections. To do this, the object is sequentially illuminated with a set of 
microstructured wide-field patterns codified onto a spatial light modulator and 
a fast and sensitive single-point detector enables its reconstruction. 
Optimization routines recover the images from fewer projections than pixels, 
often less than 10%. Despite ongoing improvements in optical array detector 
and scanning technologies, compressive detection strategies outperform the 
signal-to-noise ratio provided by pixelated sensors as well as the limit of dwell 
time in scanning. We further demonstrate a spectropolarimetric mode and 
show that the compressive strategy enables to partially overcome the 
fundamental limitation imposed by multiple scattering to successfully transmit 
information through a turbid ample.  
 
Keywords: Computational imaging; Compressive sensing; Optical microscopy; 
Scattering.  
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Raman microspectroscopy for biochemical and biomedical 
applications 

 

Mónica Marro1, Dmitri Petrov1,2, Pablo Loza-Alvarez1 

 
1 ICFO – The Institute of Photonic Sciences, Barcelona, Spain 

2 ICREA – Institució Catalana de Recerca i Estudis Avançats, Spain 

Abstract:  
Since its discovery in 1928, Raman spectroscopy (RS) has produced a revolution in the fields 
of analytical chemistry and molecular detection. Thanks to the latest technical advances, the 
expectations of the applicability of RS in biology have increased. Most recently, RS emerged 
as an important candidate technology to detect and monitor the evolution of the biochemical 
content in biomedical samples non-invasively and with high specificity. However, the 
inherent properties of Raman scattering have limited its full exploitation for biomedical 
applications. In the past decade, Surface Enhanced Raman Scattering (SERS) and multivariate 
analysis have emerged as possible solutions for overcoming the low efficiency and the 
complexity of the Raman signals obtained from biological material.  
In this work, we present our research which represents a step towards combining and using 
statistical analysis and SERS to expand the applicability of RS in biochemistry: from single 
molecule to cell and tissue level. This methodology could reveal novel insights, otherwise 
inaccessible using previous techniques. 
Firstly, we describe our work combining SERS and mathematical methods to study DNA 
stretching and Photodynamic treatment of cancer cells. Secondly, the study of more complex 
systems and processes will be shown like monitoring the molecular composition of cancer 
cells undergoing Epithelial to Mesenchymal Transition (EMT) or the ex-vivo retina along a 
neuroinflammation process. We show also our work on identifying biomarkers involved in 
bone metastasis for breast cancer. 
Our research demonstrated a powerful method that adds a new dimension to the field of 
analytical chemistry for biomedical applications. Sensitive and highly specific information 
can be extracted non-invasively, rapidly, and without sample preparation. The samples can be 
monitored in vivo, quantifying molecular components difficult or impossible to obtain with 
current technology. 
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Analysis of spatiotemporal signalling dynamics by FRET 
biosensors 

Rafael Fritz1 

1 Institute of Biochemistry and Genetics 
Department of Biomedicine 

University of Basel 

rafael.fritz@unibas.ch 

Cell signalling events happen at the time scale of seconds and length scale of microns. Förster 
resonance energy transfer (FRET)-based biosensors provide the required spatiotemporal 
resolution to monitor signalling dynamics in living cells. Although FRET sensors are very 
powerful, this technology suffers from some major drawbacks. Many FRET biosensors lack 
sensitivity and their generation is an intricate and time-consuming process often involving 
multiple rounds of optimization. To overcome these limitations, we constructed a FRET 
sensor library based on circular permutated mTFP1 and Venus fluorophores [1]. This library 
provides the flexibility to accommodate various structural constraints imposed by different 
types of signalling molecules. Combined with a robust assay, this library can be screened 
rapidly by microscopy and the most sensitive biosensor identified without further 
optimization steps. Our strategy improved the brightness and dynamic range of first-
generation RhoA and ERK FRET sensors and generated new sensors for Cdc42 and Rac. The 
second-generation sensors necessitate lower light intensities and exposure times and thus 
reduce phototoxicity.  

Analysis of RhoA, Rac1, and Cdc42 activity patterns during growth cone protrusion and 
retraction in neuronal cells revealed distinct dynamic activity zones for each GTPase. This 
observation leads to the hypothesis that each GTPase persists in different pools consisting of 
various upstream activators/inhibitors and downstream effectors. Thus, FRET biosensors 
open the possibility to dissect the spatiotemporal Rho GTPase signalling program shaping 
growth cone morphodynamics. Our second-generation ERK sensors allows for measuring of 
ERK signalling dynamics on population level and thus to quantify cell heterogeneity in 
growth factor-stimulated cells. 
References  

[1] A Versatile Toolkit to Produce Sensitive FRET Biosensors to Visualize Signaling in Time and Space. 2013. Rafael, Fritz, 
Michel Letzelter. Science Signaling. 6. rs12. 
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Design of a FRET-based biosensor to monitor 
phosphatidic acid fluctuations in living cells 

Fco. Javier Diez-Guerra1*, José Pedro Ferraz-Nogueira2 and Juan Llopis2 

1 Centro de Biología Molecular Severo Ochoa (UAM-CSIC) & Departamento de Biología Molecular, 
Facultad de Ciencias, Universidad Autónoma de Madrid, Spain  

2 Centro Regional de Investigaciones Biomédicas (CRIB) and Facultad de Medicina de Albacete, 
Universidad de Castilla-La Mancha, 02008 Albacete, Spain  

*fjdiez@cbm.csic.es 

Phosphatidic acid (PA) is an acidic phospholipid that plays a central role in the biosynthesis 
of many lipids, modulates the activity of various enzymes and participates in the complex 
network of structural, energy storage, and signalling lipids. Using phosphatidylcholine as a 
substrate, PA can be synthesized by phospholipase D (PLD), and converted into 
diacylglycerol (DAG) by PA phosphatases. DAG, in turn, can be converted back into PA by 
DAG kinases (DGK). In addition, PA itself is a lipid mediator. Its growing list of effector 
molecules includes proteins involved in cytoskeleton rearrangement, vesicle trafficking, and 
cell growth, spreading, survival and proliferation. Moreover, PA is a small cone-shaped 
phospholipid that provides flexibility to cellular membranes. It stabilizes the negative 
curvature of lipid bilayers, helping in the formation of vesicles, and facilitating fusion and 
fission events. 

Traditionally, PA levels have been measured using thin-layer chromatography or liquid 
chromato-graphy coupled to mass spectrometry. However, these techniques do not provide 
the desired spatio-temporal resolution for some applications. Further, variations in the 
signalling pools of PA are often obscured by larger PA pools involved in intermediary 
metabolism (for example, in the endoplasmic reticulum). To reveal PA production at the 
cellular and subcellular levels, several biosensors featuring PA-binding domains (PABD) 
attached to fluorescent proteins have been reported. Such probes, relying on membrane 
translocation and a single fluorescence signal, do not discriminate between real PA rises and 
changes in the thickness of the cell or membrane ruffling events, which would also affect 
fluorescence. In addition, translocation sensors cannot be targeted, thus hampering the study 
of PA fluctuations in specific subcellular compartments. 

Here, we describe the development of a FRET sensor to monitor PA dynamics in the plasma 
membrane using the PA-binding domain (PABD) of the yeast protein Spo20 (residues 51-91) 
[1]. We found an inverse relation between plasma membrane PA levels and the FRET 
efficiency of the sensor. We will show several example studies using this sensor as a proof of 
concept of its future applications.  
References  
[1] “Visualization of Phosphatidic Acid Fluctuations in the Plasma Membrane of Living Cells” (2014) Ferraz-Nogueira JP, Díez-
Guerra FJ, Llopis J. PLoS ONE 9(7): e102526. doi:10.1371/journal.pone.0102526  
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Point Scanning Confocal Microscopy is dead 

Lachica, Edward.  

Andor Technology Ltd. Belfast, UK 

e.lachica@andor.com 

The point scanning confocal microscope with its PMT and single aperture has been the gold 
standard for high resolution imaging for decades. Recently it has been positioned as a live cell 
imaging tool.  With all the advances in imaging technology, especially with detectors that out 
perform the PMT in speed, resolution, sensitivity, and dynamic range, the question remains, 
why are point scanners still be used?  Of course, the there are several reasons, and while the 
question is a bit tongue-in-cheek, it goes without saying that the imaging community deserves 
a new technology that will allow their stakeholders to see more, and see it now. 

The chief competitor to point scanning systems is the multipoint scanning disk.  However, 
this technology has been limited by small field of view, due to roll-off or flatness of field, 
limitations in objective compatibility and wavelength range.  At Andor these issues have been 
addressed and ameliorated. Utilizing a patented high performance beam conditioning 
technology we have demonstrated that it is possible to deliver up to 4X more light to the 
sample with great uniformity through a multipoint scanning system.  The increased light 
throughput means lower energies are required to illuminate a specimen.  This translates to less 
photoxicity for live cell imaging and less photobleaching.  Greater uniformity translates to an 
increase in quantifiable yield. This solution, named Borealis, extends the useable spectral 
range of the multi point scanners to near infra-red, resulting in additional fluorophore 
possibilities, deeper imaging and a means to avoid autofluorescence in some samples.  
Finally, our solution improves axial fidelity and accommodates lower magnification 
objectives for investigators that wish to examine larger specimen geographies or greater 
depths. 

The components and evidence of improved performance will be discussed. 
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Meeting the Challenges of Physiologically Relevant Cell 
Model Systems – The Opera Phenix High Content 

Screening System 
 High content imaging is a well-established technique in biological research and drug 
discovery. However, using classical screening approaches, the pharmaceutical industry is 
facing huge challenges such as high attrition rates during drug development caused by 
unforeseen side effects. The use of physiologically more relevant cell model systems such as 
3-D cultures, iPS-derived and primary cells is seen as one of the most promising approaches 
to improve the success rate of drug development projects. These cell models also hold 
promise for increasing the translational power of in vitro toxicity assays. However, today’s 
high-content applications are also more demanding - they require highly sensitive, high-
resolution and high-speed image acquisition.  

To address these needs we redesigned the renowned Opera® High Content Screening System 
with substantial technological innovations in optics and software. The new Opera Phenix™ 
High Content Screening System combines up to 4 sensitive large format sCMOS cameras, 
multiple high power laser based excitation, an innovative spinning disk confocal Synchrony 
Optics™ and water immersion lenses to enable simultaneous acquisition of up to 4 channels 
with minimized spectral crosstalk for uncompromising speed and sensitivity. 

 The heart of the Opera Phenix system is its patent-pending Synchrony Optics™ - an 
innovative optical concept to separate fluorescence excitation and emission light during 
simultaneous confocal acquisitions thereby minimizing spectral crosstalk. This results in 
shorter measurement times by enabling parallel acquisitions of spectrally adjacent 
fluorophores. It also increases sensitivity in e.g. nuclear translocation assays as the signal is 
not masked by non-specific crosstalk emission. The separation of excitation wavelengths in 
time and space is created by non-overlapping excitation pinhole patterns in the sample. 

 3-D assays benefit from the innovative optics in multiple ways: (i) true point 
confocality, (ii) high NA water immersion objectives provide the basis for effective high 
resolution z-sectioning, (iii) an increased distance between pinholes reduces spatial crosstalk. 
Using these features, Opera Phenix improves the statistics in 3-D. The advantages of an 
enlarged FOV especially for larger 3-D objects can be highlighted.  

In summary, moving beyond classic high-content imaging towards physiologically more 
relevant and more complex phenotypic cell models without compromising resolution, 
throughput or sensitivity requires substantial progress in imaging technology. The Opera 
Phenix™ system combines optimized optical and software features which enable greatly 
improved imaging and analysis of today’s highly demanding cell-based assays. We quantified 
the benefits of two key optical innovations: greater sensitivity in multiplexed assays due to 
reduced spectral crosstalk, and the improved assay statistics in 3-D applications due to 
reduced spatial crosstalk. Discriminating complex phenotypes reliably and robustly while 
keeping the throughput high will ultimately result in a higher predictive relevance and faster 
answers to complex biological questions.  
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Olympus IX3: The Age of the new microscopes 
 

Dr. Igor Del Vecchio 

Olympus 
giovanni.giozzet@olympus-europa.com  

  

Recently Olympus has launched a new inverted microscopes series, dedicated to the life 
science research. With the improved concept of modularity, the single or double "deck" 
structure of these microscopes, gives to the researcher the freedom to think, and realize, his 
microscope to meet his application needs for several experiments like: FRAP, TIRF, FCCS, 
single molecule detection, etc. 

 The plug and play modularity, through a long list of commercial and customizable modules, 
is the key solution for the imaging facilities where more than one Olympus IX3 microscope is 
present: the exchange of the modules between two instruments or the sharing of an Olympus 
cellVivo incubator has never been so simple. 

Thanks to the perfect interaction between software and microscope, with the new cellSens 
software and the unique Graphical Experiment Manager also the most complicated 
experiments can be managed. 
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Light Sheet Z1, A New Way to View Living Things 

Jacques Paysan 

Carl Zeiss Microscopy 

Jacques.Paysan@zeiss.com 

Lightsheet Z.1 allows you to acquire images of your whole sample volume at sub-cellular 
resolution in a fraction of the time it takes with other techniques.  You can follow the 
development of your most valuable specimens in a gentle and stable environment with up to a 
thousand times less light exposure. 

The coverslip-free sample preparation for Lightsheet Z.1 gives you a unique opportunity to 
view your sample from any angle.  You can freely rotate you sample to any angle, viewing 
structures of interest from all sides.  In addition you can combine Z stacks collected from 
multiple angles, using the best images from all angles to produce an excellent 3D dataset. 

Since only the optical slice itself is excited and the illumination occurs over a large plane at 
once the per molecule exposure to excitation light is very low.  As a result Light Sheet 
Imaging is the gentlest of all known optical sectioning techniques.  Live samples can grow 
without being adversely affected by the excitation light.  Multiple day experiments have 
become the new normal.  With the addition of the incubation system, samples can be kept 
alive for days, being imaged repeatedly without damage. 
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sCMOS cameras vs EMCCD and CCD 

David Castrillo 

Hamamatsu Photonics (Spain) 

dcastrillo@hamamatsu.es   

Microscopists like to use the best camera in their experiment. The one that provides the 
brightest image and the minimum bleaching. Cameras are not just the sensor but also the 
electronics and temperature management. Even so, sensor is very important subject when 
choosing a camera. 

In recent years state of the art technology has evolved from CCD to EMCCD and now 
sCMOS. Hamamatsu still produce cameras for each of those technologies: ORCA-R2, 
ImagEm and ORCA-Flash4. The question is if one technology, specially sCMOS can beat the 
others for all applications. The answer is clearly no. Every camera solves one kind of problem 
even it is true that sCMOS will take most part of the applications. 

In this presentation we will take a look into the SNR. Some years ago everything was focused 
mainly on read-out noise and a bit on dark noise. Recently we talk on excess noise and pattern 
noise. But in fact, what is the most important is the final signal to noise ratio. And this data 
should be calculated in photons as it is the signal we want to detect. So we will analyze the 
main contributors of noise for each camera. And finally show the result in a simple graph. 
This graph will show who is best according to the number of photons detected.  

We will see also what is the importance of the pixel size, the field of view and the relay lens. 
Those concepts will help microscopist to ge the most from his camera, even it is not a 
Hamamatsu camera yet. 

The conclusion is that sCMOS camera will high QE and low noise (Flash4) is the best camera 
for fluorescence. EM cameras are good for luminescence. And CCD would be the choice 
when global shutter is needed. 
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New Objective Lenses for Advanced Microscopy 

Martín, Luis 

Jefe de Línea de Microscopía Óptica, IZASA S.A. 

*luismartin@izasa.es  

La tradicional denominación de los objetivos basada en catalogar su calidad atendiendo a su 
corrección de aberración cromática y curvatura de campo ha dejado de tener sentido al 
introducirse nuevas variables de trabajo que afectan a la calidad de imagen. 

El empleo de sistemas de montaje de muestras que preservan sus condiciones fisiológicas 
vitales hace que cobre particular importancia una aberración óptica que tradicionalmente no 
era muy relevante con los montajes en resinas de calidad óptica: la Aberración Esférica. 
Fundamentalmente es provocada por el hecho de que el índice de refracción del medio de 
montaje (usualmente basado en medios de cultivo de tampon fosfato, PBS) es muy distinto 
del indíce de refracción de los vidfrios empleados en el objetivo, portaobjetos, y cubreobjetos. 

La amplia promoción de sondas fluorescentes que emiten en el infrarrojo, así como la 
posibilidad de encenderlas y apagarlas a voluntad (fotoactivación) mediante flashes violetas 
exige de los objetivos una capacidad de correción cromática que supera largamente el 
tradicional estándar de calidad de apocromatismo. 

Los requerimientos actuales de obtener imagen sobre objetos complejos hacen que no sea 
posible realizar preparaciones microscópicas de modo tradicional, incluyendo un corte 
delgado del material entre dos vidrios calibrados. La creciente demanda de experimentos 
sobre cultivos 3D con andamiajes glucídicos o proteicos, la utilización de muy diversas placas 
multi-pocillo para realización de experimentos multiples en paralelo, e incluso la necesidad de 
obtener imagen a nivel cellular en tejidos no extraidos, trabajando in vivo sobre el animal 
completo, hacen que cobre fundamental importancia otro parámetro que tradicionalmente 
tenía sentido solo para observación de botellas de cultivo celular. La distancia de enfoque, o 
mejor definida, la Distancia de Trabajo. 

Durante la exposición se revisarán los últimos avances de Nikon Instruments para dar 
respuestas a estas complejas demandas. 
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The Light Sheet Microscope for all Clearing Solutions and 
Water 

Uwe Schröer 

LaVision BioTec GmbH 

schroeer@lavisionbiotec.com  

In 2009 the first commercial light sheet microscope was launched by LaVision BioTec. Today 
we present the 2nd generation of our light sheet microscope which has been inspired by our 
user’s feedback. This new Ultramicroscope utilizes 6 thin light sheets to excite samples while 
the fluorescence light is detected with a sCMOS equipped microscope that is mounted 
perpendicular to the plane illumination. By moving the sample through the light sheets one 
generates a 3D image stack at cellular resolution in any tissue. The Ultramicroscope can be 
employed on different fields of applications. It is the only light sheet microscope which can 
image samples in aqueous buffers also as in organic solvents. The light sheet microscope can 
image samples ranging in size from over 1 cm to few µm. Innovative light sheet forming 
optics can cover the entire field of view with a homogenous thin light sheet. In case of large 
samples no stitching is required due to a FOV diagonal from 1.7 mm to 17 mm. The 10x 
zoom optic allows fast switching in between smallest to highest resolution without changing 
objective lenses. Different working distances from 4 mm to 10 mm are available. The 
Ultramicroscope is used by facilities, institutes and pharmaceutical companies because they 
prefer a system which is flexible, robust and easy to operate. 
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Imaris: Exploring the next dimension in 3D and 4D image 
analysis 

Dr. Delisa Ibanez Garcia 

Bitplane AG 

delisa.garcia@bitplane.com 

As new imaging techniques emerge and develop the researcher is under more pressure to 
extract the maximum information from such images. The seminar will cover the new 
functions available in Imaris software that will facilitate the researcher the process of image 
analysis, handling of large data sets and data mining. The new Imaris is built for speed and 
sets a new standard in high performance. In our stand you will experience how fast it is in the 
latest Imaris version to obtain the first interactive visualization of a multi GB 3D time lapse 
dataset, participants are welcome to bring their data set for analysis or consult an image 
analysis expert. 
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Two photon microscopy:  
Increasing imaging times using GHz laser excitation 

Andy Wells 

Laser Quantum, Stockport UK 

awells@laserquantum.com 

A major challenge for two-photon microscopists, particularly those involved with imaging 
living cells such as neurons, is the relative short timescales over which imaging can take 
place. Since excitation only occurs at the focal point of a femtosecond laser, samples are 
subjected to high energies that cause photo-toxicity and photo-bleaching that lead to rapid 
destruction of living cells, greatly limiting the experiments that can be carried out. By 
increasing pulse frequency by a factor of 12, lower pulse energies can be used and less 
damage caused. 
This presentation shows results from multiple laboratories reporting 5 to 10 fold increases in 
imaging times using femtosecond laser excitation with GHz repetition rates with no loss in 
imaging resolution or quality. This increase in available time allows for repeated 
measurements to be made, the effect of pharmaceutical applications to be tested or evaluating 
environmental conditions on the cell. 
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10 Years of Leica Super-Resolution 
 

Juan Luis Monteagudo 

Leica Microsystems 

juan.monteagudo@leica-microsystems.com   

Super-resolution microscopy overcomes the diffraction limit and allows users to investigate 
subcellular architecture and dynamics at the nano-scale. Leica Microsystems is the only 
company offering and supporting both widefield and confocal super-resolution technologies, 
implementing the tried and proven GSDIM/dSTORM and STED methods to serve your 
imaging needs. 
 

A Decade of Super-Resolution Innovation 
Working with passion for you: With the introduction of the very first super-resolution 
microscope in 2004, Leica TCS 4PI, Leica Microsystems revolutionized opportunities for life 
science research. True to the credo of Ernst Leitz, “with the user, for the user“, Leica 
Microsystems pioneered super-resolution by closely collaborating with leading scientists and 
industry partners, and continuously improved the performance of these advanced imaging 
systems. With our extensive experience in the field, today we offer more than excellent 
products: Our commitment to high standards of service  
and support for our customers is also a key priority for Leica Microsystems. 
 

Leica SR GSD 3D  
The Evolution of Resolution 
The award winning Leica SR GSD 3D widefield super-resolution imaging system offers 
unparalleled abilities to study biological processes in multi dimensions beyond the diffraction 
barrier  
down to the molecular level. 
 
› Up to 10 times higher resolution in 3 dimensions  
› Simple multi-channel imaging capability 
› SuMo Stage delivers unprecedented stability, eliminating the need for post-acquisition drift 
correction 
› Specially-designed 160x objective lens optimized for use with high intensity lasers  
› Compatible with many standard fluorophores 
 

Leica TCS SP8 STED 3X  
Your Next Dimension! 
The new Leica TCS SP8 STED 3X opens the door to fast, direct, and purely optical super-
resolution over the full spectrum of visible light, in all dimensions. 
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› Tunable, direct confocal super-resolution in x, y and z 
› Multicolor colocalization studies beyond limits 
› Improved live cell imaging with gated STED 
› Intuitive software control with Smart STED Wizard 
› Exclusive Huygens STED deconvolution package included 
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Phenotyping TILs in situ: Automated Enumeration of 
FOXP3+ and CD69+ T Cells in Follicular Lymphoma 

 
R.C. Lloyd, PerkinElmer, Hopkinton, MA, J.R. Mansfield, PerkinElmer, Hopkinton, MA, C.M. van der 

Loos, Academic Medical Center, Amsterdam, Netherlands, L.S. Nelson, University of Manchester, UK, 
C. Rose, University of Manchester, UK, H.E. Sandison, University of Manchester, UK, S.Usher, 

University of Manchester, UK, J.A.Radford, University of Manchester, UK, K. M. Linton, University of 
Manchester, UK, R.J. Byers, University of Manchester, UK 

roslyn.lloyd@perkinelmer.com  

Background: In many cancers, tumor-infiltrating lymphocytes (TILs) indicate levels of tumor 
immunogenicity and predict survival. In particular, increased levels of regulatory T cells 
(Tregs) are associated with poorer prognosis, whilst CD69+ T-cells may also be prognostic. 
Visual TIL assessment cannot easily determine the type of lymphocyte in situ and 
multimarker quantitation is difficult with standard methods. We present a multi-marker, 
computer-aided event-counting method for determining the phenotypes of lymphocytes in 
follicular lymphoma using a multispectral imaging (MSI) automated tissue segmentation and 
counting approach. 
Material and methods: A tissue microarray containing follicular lymphoma (FL) cores from 
70 patients was chromogenically immunostained for CD3, CD69 and FOXP3, counterstained 
with hematoxylin, of which 40 cores were informative for both triplex staining and clinical 
follow-up. Each core was imaged using MSI and the individual staining of each marker 
separated from each other using spectral unmixing. Images were analyzed using software 
trained to recognize different tissue compartments based on morphology, specifically based 
on CD3 rich (extra-follicular) and poor (intra-follicular) areas. The FOXP3 or CD69 status of 
each CD3+ TIL was then determined and number Treg (FOXP3+/CD3+) and CD69+ T-cells 
counted. 
Results: The intra-follicular (CD3 poor) and extra-follicular (CD3 rich) regions were 
accurately recognized within each core, based on abundance of CD3 cells. MSI enabled the 
accurate quantitation of CD3, CD69 and FOXP3 without crosstalk. The number of 
FOXP3+/CD3+ Tregs and CD69+ T-cells were counted and used in Kaplan-Meier survival 
analysis, which demonstrated association of FOXP3+/CD3+ Tregs with favourable outcome 
in both the intra and extra-follicular areas, plus CD69+ T-cells in intra-follicular areas; 
CD69+ T-cells were not prognostic in extra-follicular areas. 
Conclusions: This study demonstrates use of an automated method for counting Tregs in 
follicular lymphoma, showing association of FOXP3+ Tregs with good outcome. 
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Addressing the Challenges of Operating a Core Facility 
 

Lindsey Ward 
 

iLab Solutions 
 

Lindsey.Ward@ilabsolutions.com  
 
 
Core Managers today are under intense pressure to increase revenue and perform state-of-the-
art research all while trying to maintain the complex operations of running a core. In this 
presentation, we will discuss consistent patterns across institutes and demonstrate core facility 
management tools. The goal of this session will be to identify the most significant challenges 
in running a core facility and offer conceptual frameworks for approaching these challenges to 
maximize core facility potential. 
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Managing a Microscopy core with PPMS: More time to 
focus on Science 

 

Tinevez Jean-Yves 

Stratocore 

*jyt@stratocore.com 

Running or working in a core facility for Life Sciences is one of the best jobs in the world. 
It’s exciting, rewarding, there is always something new and you get to hone your skills while 
helping your fellow Researchers. But as the facility scales in size, its management can 
become heavy and cumbersome. The time taken by administrative tasks for the core can 
quickly outgrow the time spent on Science. 

PPMS is the core-facility management software solution from Stratocore, built to move the 
focus back to Research. It is developed by core facility scientists for their community and 
covers all the aspects of facility work. It significantly lowers the administrative load on the 
core staff and helps them work more efficiently.  

PPMS is agnostic and can serve any core facility that provides services to a scientific 
community. In this short talk, I will focus on Light Microscopy facilities and show how 
PPMS can help them run smoothly. I will also give some statistics on usage based on our 
experience within the Pasteur imaging facility (Institut Pasteur, France / Imagopole / PFID, 
led by Spencer Shorte). 
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Correlative Light and Electron Microscopy of virus-
infected cells 

Laura Sanz-Sánchez1 and Cristina Risco Ortiz1  

1Cell Structure Lab, National Biotechnology Center, CSIC, Campus de Cantoblanco, 28049 Madrid, 
Spain  

lsanz@cnb.csic.es  

Inside cells, viruses build specialized compartments for replication and morphogenesis. 
Bunyamwera virus is the best characterized member of the Bunyaviridae, a large family of 
RNA viruses that can cause encephalitis or haemorrhagic fevers. We have studied the 
structural changes of cells during virus egress and propagation. A Transmission Electron 
Microscopy study of the basal regions of cultured adherent cells revealed two previously 
unreported structures induced by the virus: complex multilamellar structures (MLS) and 
extracellular filament bundles. Live cell microscopy followed by Correlative Light and 
Electron Microscopy (CLEM) confirmed that MLS proliferated during virus egress. Serial 
sections and 3D reconstructions showed that MLS exclusively contacted the plasma 
membrane; however, these virus-induced structures were not similar to any other plasma 
membrane specializations, such as podosomes, filipodia or invadopodia. Morphology and 
dimensions of MLS were reminiscent of those reported for the nanostructures on gecko 
fingertips, which are responsible for the extraordinary attachment capacity of these lizards. As 
infected cells with MLS were more resistant to detachment than control cells, we propose an 
adhesive function for these structures, which would compensate for the loss of adherence 
during release of new virus progeny. The other new elements visualized in basal regions of 
infected cells, the filament bundles, had numerous viruses attached and often contacted non-
infected cells. These filaments contain actin, as confirmed by confocal microscopy and 
immunoelectron microscopy. Using a potent inhibitor of actin polymerization, cytochalasin 
D, filament bundles were no longer seen and viruses remained attached to the cell. We 
propose that viruses can be transported between cells on these actin-based railways. 
Our studies show that Live Cell Microscopy and CLEM provide new ways to examine cell 
compartments and to study complex processes, such as the growth of pathogens in cells.  
 

References  
[1] Multilamellar structures and filament bundles are found on the cell surface during bunyavirus egress. 2013. L., Sanz-
Sánchez and C., Risco. PLoS One. 8(6): e65526. 
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Quantification of live and dead bacteria inside biofilms by 
confocal microscopy 

 
Fidel Madrazo Toca*1 Sara Remuzgo-Martínez2, María Lázaro-Díez2 and Jose Ramos-Vivas2 

 
1Unidad de Microscopía Láser, Instituto de Investigación Marques de Valdecilla IDIVAL, Santander-

Spain 
2Microbiología Clínica y Molecular. Instituto de Investigación Marques de Valdecilla IDIVAL, 

Santander-Spain 
 

*microscopia2@idival.org 
 

Bacterial biofilms can be defined as ‘‘a structured community of bacterial cells enclosed in a 
self-produced polymeric matrix and adherent to an inert or living surface’’. Biofilms have 
been found to be involved in a wide variety of microbial infections in the body (1). Main 
problem is that antibiotics cannot access the population of bacteria thus can survive and 
develop over time (2).  
There are many methods for quantification these biofilms such as the crystal violet (CV) 
assay, the fluorescein diacetate (FDA) assay, the resazurin assay, the XTT assay and the 
dimethyl methylene blue (DMMB) assay. Nowadays, Syto9/Propidium Iodure assay is the 
best method to study bacteria inside biofilms by confocal laser scanning microscopy (CLSM), 
where you can easily discriminate between live and dead populations (3). In some cases, it is 
important to know the percentage of live or dead cells present in the biofilm, for example, to 
determine the antimicrobial activity of an antibiotic on these structures. 
In this work, we have used the volume measurement tool of the Nis-elements software to 
easily recognize the relative biomass of live (green fluorescence) and dead cells (red 
fluorescence) at levels above an user-defined threshold value. Also, we have reported the 
percentage of biomass that is alive and the percentage of biomass that is dead in a series of 
stack images in every slice.  
 
CSLM allows us to view living and intact biofilms in three dimensions. We used 
Staphyloccus aureus biofilms to collect quantitative data from biofilms using a 3D digital 
reconstruction technique combined with quantitative image analysis. This method was useful 
for assessing the amount of live and dead bacteria in biofilms, and could be used to assess 
bacterial adhesion during implant-related infections or for studying in vitro bacterial 
colonization of biomaterials. 

References:  

1-"Research on microbial biofilms (PA-03-047)". NIH, National Heart, Lung, and Blood Institute. 2002-12-20. 

2- Bacterial biofilms: from the natural environment to infectious diseases. 2004. Hall-Stoodley L1, Costerton JW, Stoodley P... 
Nat Rev Microbiol. 2(2):95-108.  
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Transport regulation of polytopic proteins in yeasts: The 
role of exomer in the transport of Chs3p along the TGN up 

to PM. 

Carlos Anton1, Irene Arcones1, Javier Valdez2 and Cesar Roncero1. 

1 IBFG, CSIC/Universidad de Salamanca, Salamanca, Spain. 
2 CIQUIBIC-CONICET, Univ. Nac. de Cordoba, Argentina. 

carlosanton@usal.es   

We are interested in the intracellular transport of Chs3p in the budding yeast Saccharomyces 
cerevisiae. Chs3p is the catalytic subunit of CSIII complex, which is responsible for the 
synthesis of 90% of cellular chitin. Chs3p is a polytopic membrane protein whose activity 
depends on its timely arrival to the plasma membrane. Chs3p transport is tightly controlled: 
export from the ER requires Chs7p and a palmitoilation signal; exit from the Golgi is 
dependent on the exomer complex and the general secretory machinery. Moreover, precise 
bud neck localization of Chs3p relies on endocytosis and on its neck anchor through Chs4p. 
Moreover, Chs3p is efficiently recycled from early endosomes to the TGN in an AP-1 
dependent manner. 

However, the specific objective of this work is to find out the precise role of exomer, not only 
in the transport of Chs3p but also in other cargoes. Exomer complex is formed by a homo-
dimer of Chs5p linked to a dimer of four alternative ChAPs subunits: Chs6, Bch2, Bch1 or 
Bud7. To date it is not known whether ChAPs protein could form heterodimers or what could 
be the precise localization of the different potential exomer complex. In order to address this 
question we have choose fluorescent microscopy as a pivotal tool in our experiment approach. 
Using a Spinning Disk Confocal microscope and the epitope tagging of the different exomer 
proteins, we have performed colocalization assays between the different exomer components. 
Chs5p localized with any ChAPs, but surprisingly ChAPs showed also a significantly degree 
of colocalization between them. Using the same methodology we have shown that 
overexpression of bch2 displaced other ChAPs from the exomer complex, suggesting a 
stronger interaction of this protein with Chs5p. Time lapse microscopy allowed us to study 
also a potential AP-1/exomer functional interaction pointing to AP-1 complex as a direct 
facilitator of cargo loading into the exomer. 
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2-photon imaging, 3D reconstruction and Re-modeling for 
quantifying atherosclerosis burden 

 Antonio M. Santos-Beneit1, Nerea Méndez-Barbero2, Vanesa Esteban2, Luis J. Jiménez-Borreguero3, Miguel R. 
Campanero4,* and Juan Miguel Redondo2,*, Susana A. Sánchez1,5,* 

1Microscopy and Dynamic Imaging Unit, 2 Department of Vascular Biology and Inflammation and 
3Department of Atherothrombosis and Imaging, Centro Nacional de Investigaciones Cardiovasculares 
(CNIC), Madrid, Spain; 
3Cardiology Department, Hospital de la Princesa, Madrid, Spain3; 
4Department of Cancer Biology, Instituto de Investigaciones Biomédicas Alberto Sols,CSIC-UAM, 
Madrid, Spain. 
5Current address for S.A.S.: Departamento de Polímeros, Facultad de Ciencias Químicas, 
Universidad de Concepción, Concepción, Chile. 

 

*E-mail susanchez@udec.cl or mcampanero@iib.uam.es or jmredondo@cnic.es  

Changes in atherosclerosis burden provide an experimental measure of the effectiveness of 
therapeutic strategies. The most widely used method for ex vivo assessment of atherosclerosis 
burden in mice is the en face method [1]. In en face analysis, the aorta is opened 
longitudinally and stained to reveal lipid-laden plaques with, for instance, oil red O as 
described [2]; the stained area is quantified from photographs. However, this method gives 
only a 2-dimensional (2D) measure of plaque burden. 

Using these samples without further preparation, we apply 2-photon confocal imaging to 
obtain the complete 3D information of the plaque burden. Single excitation wavelength (800 
nm) is enough to simultaneously generate 3 signals from aortas: second harmonic generation 
from collagen and autofluorescence from elastin and from oil red. 

Optical sections were taken every 3 μm, and Imaris was used for 3D rendering and volume 
determination. As a control of the accuracy of the measurement, after 2-phton 3D imaging, 
the same plaques were physically sectioned (5 µm) and histologically stained (Masson 
trichrome) [3] ; and the plaque volume was determined from the stack of photographs. 

Then, the image obtained with the 3D information of the plaque burden in the flat opened 
aorta was bent by a computer-generated model to close the aorta to visualize the degree of 
stenosis. 

2-Photon imaging has high spatial resolution and reproducibility, is non-destructive, and 
accurately determines atherosclerosis burden. It is fast enough to process numerous samples, 
and allows visualization of stenosis. 2-Photon imaging is likely to become the method of 
choice for quantifying atherosclerosis burden in preclinical studies. 
 

References 

[1] Nunnari JJ, Zand T, Joris I, Majno G. Quantitation of oil red O staining of the aorta in hypercholesterolemic rats. Exp Mol 
Pathol. 1989;51:1–8. 
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To What Extent Is Your Tissue Clear? Optical clearing of 
the mouse brain and light attenuation quantitation 

Angela d’Esposito1, Daniil Nikitichev2, Adrien Desjardins2, Simon Walker-Samuel1 and Mark F. 
Lythgoe1 

1 Centre for Advanced Biomedical Imaging, UCL, UK,  
2Department of Medical Physics and Biomedical Engineering, UCL, UK 

angela.d’esposito.12@ucl.ac.uk 
 

Biological tissue can be made optically transparent by reducing light scattering in order to 
image molecular information in 3D1. However the extent of clearing is limited by the clearing 
technique. We have developed a method to assess the quality of clearing in mouse brain and 
have assessed three different clearing approaches (BABB, pBABB, CLARITY). 
2mm thick sagittal brain slices (n=24) from perfused mice were optically cleared with the 
three examined techniques.  
BABB and pBABB: samples were dehydrated in MeOH then transferred for clearing to 
BABB (1:2 benzyl alcohol: benzyl benzoate mixture. Additional step for pBABB: samples 
were sumberged in a 4:1:1 MeOH: dimethyl sulfoxide: hydrogen peroxide mixture prior to 
dehydration. 
CLARITY: samples were cleared according to the published protocol2. 
Transmission spectra of the brains were acquired with a custom made system. Light source is 
coupled to an optic fibre to illuminate the sample. The spectra, acquired by a spectrometer, 
were measured in three regions (region 1: olfactory bulb, region 2: pons, region 3: 
cerebellum). 100 spectra were taken under the same conditions and averaged using Matlab. 
The optical clearing level varies within the brain, depending on structure and composition of 
each area. The samples cleared with pBABB and BABB resulted in lower absorption peaks 
(pBABB: 0.7, BABB: 0.68, CLARITY: 1.38) when compared to CLARITY. The latter 
presented a maximum of absorption at higher wavelengths.  

The slices were then imaged with Optical Projection Tomography to study light attenuation in 
the whole brain section with three different channels. 

This work shows a novel way to quantify efficiency of optical clearing protocols, which is 
essential to evaluate imaging data. Furthermore, assessing the transparency of a cleared tissue 
is important when imaging with systems like Optical Projection Tomography, since reduced 
light scattering can lead to higher spatial resolution and better contrast. 

[1] Light propagation in tissues with controlled optical properties. 1997. Tuchin  Valery, Maksimova  Irina,  Journal of Biomedical 
Optics, 2, 401–417 
[2] CLARITY for mapping the nervous system. 2013. Kwanghun Chund and Karl Deisseroth, Nature Methods, 10, 508-513 
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Dynamics and ultrastructure of ER stress sensing 

Moreno Zamai1,2, Andrea Orsi2, Elvira Arza1, Eelco van Anken3, Valeria R. Caiolfa1,2 

1 Centro Nacional de Investigaciones Cardiovasculares (CNIC), Madrid -Spain- 
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3 Fondazione Centro San Raffaele, Milan -Italy- 

*mzamai@cnic.es 

Many receptors need to reach a high local concentration and, thus, cluster to initiate signaling 
cascades. The unfolded protein response (UPR) adjusts endoplasmic reticulum (ER) protein 
folding capacity according to need [1]. The UPR sensors IRE1 and PERK cluster to signal ER 
stress with the aim to restore ER homeostasis. Yet, chronic ER stress leads to apoptosis and 
disease. Given this dichotomy in outcome, a window must exist in which the UPR can be 
harnessed therapeutically. Thus, precise molecular insight into ER stress signaling is key. 

We have developed visualization tools to monitor UPR sensor clustering in super-resolution 
imaging and in fluorescence fluctuation imaging (Number & Brightness) to assess 
stoichiometry and dynamics of clustering/aggregation in vivo. Exploiting our complementary 
innovative expertise, we are dissecting at the molecular level how stress driven clustering of 
IRE1 [1] and PERK is coordinated. 

[1] Messenger RNA targeting to endoplasmic reticulum stress signalling sites. 2009. Tomás Aragón, Eelco van Anken, David 
Pincus, Iana M. Serafimova, Alexei V. Korennykh, Claudia A. Rubio, Peter Walter.  Nature. 457. 736-740. 
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Numerical Methods for Improving the Reliability of 
Number and Brightness (N&B) Analysis 

Antonio Trullo1,2, Verónica Labrador Cantarero2, Valeria R. Caiolfa2,3, Moreno Zamai2,3  

1 Università Vita-Salute San Raffaele, Milan -Italy- 

2 Centro Nacional de Investigaciones Cardiovasculares (CNIC), Madrid -Spain- 

3 Ospedale San Raffaele, Milan -Italy- 

*trullo.antonio@hsr.it 

N&B is a technique based on moment-analysis for the measurement of the average number of 
molecules and brightness in each pixel in fluorescence correlation microscopy images. The 
average brightness of the particle is obtained from the ratio of the variance to the average 
intensity at each pixel [1]. 

N&B is useful for determining stoichiometry and oligomerization of protein complexes in live 
cells. However, the signal is generally affected by some long-term fluctuations, mainly due to 
cellular motion and photobleaching. These effects lead to an overestimation of variance, and 
consequently of brightness. 

In this work we present a protocol for correcting N&B analysis for these sources of extra-
variance. 

We sort out the errors due to translational motion by realigning the images of the time series 
(~250 frames) using a simple routine based on correlation arguments. This correction is useful 
because N&B is a pixel-based technique. After realignment, a given region of the cell can be 
associated to each pixel, avoiding signal fluctuations due to the displacement of the cell. 

Moreover, we use a particular high-pass filter, the ‘boxcar’ filter, to correct for the extra-
variance introduced by photobleaching, which is an exponential reduction of the response of 
the fluorophore to laser excitation. Since photobleaching is negligible within a short time 
period (i.e., a small data segment), the boxcar filter allows the computation of brightness in a 
sliding segment, spanning all over the signal. The final result is the average over the total 
collected frames of the brightness values computed for each segment [2]. 

We demonstrate the efficiency of these corrections using simulations of membrane motion 
and photobleaching. We also provide examples of correction applied to data acquired on 
EGFP constructs expressed in live cells. 
 
[1] Mapping the Number of Molecules and Brightness in the Laser Scanning Microscope. 2008. Michelle Digman, Rooshin 
Dalal, Alan F Horwitz, Enrico Gratton. Biophysical Journal. 94(6). 2320-2332.  
[2] Number and brightness image analysis reveals ATF-induced dimerization kinetics of uPAR in the cell membrane. 2011. 
Christian Hellriegel, Valeria R. Caiolfa, Valeria Corti, Nicolai Sidenius, Moreno Zamai. FASEB J.. 25(9). 2883-2897. 
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Influence of crocetin isolated from saffron in the 
differentiation of 3T3-L1 cells to adipocytes 
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Adipocyte differentiation (adipogenesis) is an important process for cellular function. 
However, pathological adipogenesis confers abnormal expression of adipocytokines and an 
increased number and size of adipocytes due to lipid accumulation. This process is involved 
in the development of obesity. There is a growing interest in searching therapeutic approaches 
coming from natural products, for prevention and treatment of obesity with few adverse 
effects. Thus, we focused this study in the possible adipogenic differentiation-inhibitory effect 
of crocetin, a bioactive compound derived from saffron.  

For this, several concentrations (5, 50 and 100µM) of crocetin were tested during 
differentiation of 3T3-L1 preadipocytes into adipocytes. Two days after confluence (day 0, 
D0), cells were stimulated to differentiate by insulin, dexamethasone and IBMX, for 2 days 
(D2). Cells were then maintained with insulin medium for another 2 days (D4), followed with 
medium for 4 days (D8). The crocetin was added at D0, to observe influence on adipogenesis. 
Adipocyte morphology was studied by phase-contrast photomicrography at different stages of 
differentiation. Lipid accumulation was visualized and quantified by fluorescence microscopy 
using the Nile red dye and the cell viability was assayed by MTT test, at D8.  

Our results shown that crocetin 50 and 100µM, but not 5µM, reduced intracellular lipids in 
23, 21 and 7%, respectively. For this, we calculate the percentage of intracellular lipids 
relative to cellular viability for each concentration of crocetin. None of the concentrations 
used elicited cytotoxicity. 

We conclude that crocetin 50µM exerts maximum anti-adipogenic effect in 3T3-L1 
adipocytes, since the reductions exerted by 50 and 100µM were not statistically different. 
Future analysis will focus on finding the concentration of crocetin that could exert the same 
maximum inhibitory effect, limiting the range from 5-50µM. All motivated on the design of 
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strategies for prevention and treatment of obesity based on natural products, as crocetin 
supplements. 
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Correlated Light-Electron Microscopy has been widely revealed as a very useful tool to 
analyse the dynamics together with the structural bases of intricated cellular processes. This 
methology involves the study in the same section of a sample and has been approached in 
certain systems, as it is the stress-induced microspore embryogenesis,an interesting tool for 
plant biotecnology and for studies of embryogenesis and  cell reprogramming. However, the 
visualization of the same region of the sample in consecutive sections by  several light 
microscopies as: bright field, phase contrast, DIC and CLSM together with the transmission 
electron microscopy provided an useful approach to analyse complex dynamic processes 
taking place in this system. 

The microspore or immature pollen grain follows in vivo the gametophytic program and 
differentiates to form the mature pollen. At defined stages, the tapetum, anther tissue with a 
key nursing role during microspore development, undergoes programmed cell death (PCD). In 
vitro, upon the application of a stress treatment the microspore can be deviated towards 
embryogenesis leading to plant regeneration, the so-called microspore embryogenesis, an 
important tool in plant breeding to obtain double-haploid plants;  the efficiency of the process 
is affected by cell death of microspores after the stress. 

Plant programmed cell death (PCD) seems to share some features with both apoptosis and 
autophagy in animals; nevertheless, recent data on PCD in plants indicate that classification is 
not clear yet. Increasing evidences indicate that autophagy plays critical roles in both PCD 
processes, during development and stress responses. 

In this work we studied the existence and dynamics of autophagy compartments, machinery 
and genes, specifically Beclin1/ATG6 and ATG8, in relation to ROS/RNS production, 
caspase-like activity and ultrastructural rearrangements during two PCD processes of the 
pollen pathways,: the PCD of microspores in culture after the stress treatment inducing 
embryogenesis, and the PCD of tapetum during pollen development, in Brassica napus and 
Hordeum vulgare, by a multidisciplinary approach. (1) (2). 
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Results will be discussed on the light of the participation of autophagy in the PCD during the 
two pollen developmental pathways. 

 References 

[1) NO, ROS and cell death associated with caspase-like activity increase in stress-induced microspore embryogenesis of 
barley (2012) 
Rodríguez-Serrano M, Bárány I, Prem D, Coronado MJ, Risueño MC, Testillano PS. J. Exp. Botany, 63, 2007-2024. 
(2] Changes accompany developmental programmed cell death in tapetum cells (2014) Solís MT, Chakrabarti N, Corredor E, 
Cortés-Eslava J, Rodríguez-Serrano M, Biggiogera M, Risueño MC, Testillano PSEpigenetic Plant Cell Physiol. 55,16-29. 
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Image analysis and quantification of brightfield digital slides is becoming a fundamental tool 
for the study of different biomarkers and routine diagnostic staining techniques in Pathology 
research. Our objective was to identify differences in Cadherin-R (CDH4) expression in 
patients treated with capecitabine, a 5-fluouracil (5-FU) anticancer drug. A 
tissue microarray (TMA) was constructed from 16 skin paraffin blocks from breast cancer 
patients after capecitabine treatment suffering from hand-foot syndrome (a known 5-FU side 
effect) and untreated control patients as well as treated and control patients with an intronic 
SNP in CDH4. TMA was cut and immunohistochemistry with anti-CDH4 antibody (Sigma-
Aldrich, HPA015613) was performed. Slides were then digitalized and images were obtained 
at 40x magnification (0.12μm/pixel) using a slide scanner (Mirax Scan, Zeiss). For automated 
image acquisition, the TMA areas of interest were selected according to the epidermal 
morphological differences and brown marker (DAB) intensity. These image areas were used 
as training samples for the HistoQuant software (3DHistech) pattern recognition software to 
set quantification thresholds for the analysis. For that purpose the HistoQuant Wizard was 
used to set the algorithm, establishing different values for contiguous nucleus separation, 
cytoplasmic area definition, color intensity separation for quantification and grading and size 
exclusion. The information generated is then stored as a Microscopic Image Segmentation 
Profile (MISP) file, which can be later used to evaluate subsequent TMAs with the same 
staining method. Normality was tested using the Shapiro-Wilk test. Differences in CDH4 
expression were assessed using the Student’s t test. Both control and treated patients with GT 
polymorphism showed increased cytoplasmic CDH4 staining intensity in the epidermis 
compared to control and treated patients with GG polymorphism. No statistically significant 
difference in CDH4 expression was observed, but a clear trend and subtle differences could be 
found according genotype. 
Immunohistochemical expression of matrix metalloproteinase-7 in human colorectal adenomas using 
specifiedautomated cellular image analysis system: a clinicopathological study.2013. Qasim BJ, Ali HH, Hussein AG. Saudi J 
Gastroenterol. Jan-Feb;19(1):23-7 

Digital Microscopy Imaging and New Approaches in Toxicologic Pathology. 2004. Bruce McCullough, Xiaoyou Ying, Thomas 
Monticello. Toxicologic Pathology, 32(Suppl. 2):49–58  
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Introduction 
Palynology is the study of pollen grains produced by plants and spores. Pollen identification 
is needed in several domains (e.g., medicine, oil industry or apiculture). Currently, this task is 
based on visual inspection of microscopy images, which is time-consuming and costly. In this 
study, automated analysis of microscopic pollen images is addressed. Automatic pollen 
identification involves segmentation and classification tasks. Segmentation aims to localize 
each of the pollen grains in the slide, separating it from the rest of the content. In 
classification, the isolated pollen grain is assigned to one of a set of categories (taxa). The 
present study is focused on the latter. For this purpose, brightfield microscopy images 
corresponding to a subset of honey-bee pollen taxa were analyzed.  
 
Data 
Pollen images were captured using a NIKON E200 microscope and a camera NIKON DS-Fi1. 
Balls of pollen were prepared in slides sealed with a coverslip. A 40x magnification was used 
to acquire images of the slide containing several pollen grains. The acquisition consisted in 
stacks with 31 images of the slide in order to ensure an optimum focus. The best focused slide 
was identified by an expert. Subsequently, pollen grains were manually extracted from it by 
defining a rectangular region. Pollen samples from 15 different taxa were captured: 1) Aster, 
2) Brassica, 3) Campanulaceae, 4) Carduus, 5) Castanea, 6) Cistus, 7) Cytisus, 8) Echium, 9) 
Ericaceae, 10) Helianthus, 11) Olea, 12) Prunus, 13) Quercus, 14) Salix and 15) Teucrium. 
The database was composed of 120 brightfield microscopy images per pollen taxon, resulting 
in a total of 1800 images.  
 
Methods  
A pattern recognition approach (feature extraction and classification) was adopted for pollen 
grain classification.  Feature extraction was carried out through pollen texture analysis using 
Discrete Tchebichef Moments (DTM)1 . Hence, a texture signature was obtained for each 
grain and used as input for the classification stage. The latter was implemented by means of 
discriminant analysis and k-nearest neighbour algorithms.  
Results  
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Ten-fold cross-validation was applied to estimate classification accuracy from the dataset of 
1800 images. A classification performance of 92.06% was achieved2 . Most of the errors 
corresponded to ‘Citysus’ samples. 
 
Conclusion  
Our experiments show that texture is a distinctive characteristic of the pollen taxon. We 
propose an exhaustive analysis of texture in image-based applications pursuing automatic 
identification of pollen taxa.  
 
[1] Marcos J.V. and Cristóbal G, “Texture classification using Tchebichef moments,” J. Opt. Soc. Am. A 30, 1580–1591 (2013) 
[2] Marcos, J.V., Nava, R., Cristóbal, G., Redondo, R., Escalante-Ramírez, B., Bueno, G., Déniz, O., González-Porto, A., Pardo, 
C., Chung, F. and Rodriguez, T., "Automated pollen identification using microscopic imaging and texture analysis", Micron, 2014 
(accepted), DOI: 10.1016/j.micron.2014.09.002   
   
  Acknowledgement: Project “Apifresh” (Inspiralia). J. V. Marcos is a “Juan de la Cierva” research fellow (Spanish Ministry of 
Economy and Competitiveness)  
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Breast microscopy images contain different types of textures which can be used to 
distinguish benignant or malignant breast tissue. For that, 628 Tissue Microarray (TMA) 
images were divided into four classes: benign stromal, adipose tissue, benign and benign 
anomalous structures and ductal and lobular carcinomas. 

 
Frequential [1] and spatial [2] textons have been selected in this study to represent the 
texture of the beast TMA images. The principal difference between the frequential and 
spatial textons is their responses. In frequential textons these responses are extracted by 
a filter bank whilst in spatial textons these responses proceed from an NxN square 
neighborhood around each pixel of the original image. Frequential and spatial texton maps 
were extracted from 8 different color models, that is, RGB, CMYK, HSV, Lab, Luv, SCT, 
Hb and Lb. Then, GLCM (Grey Level Coocurrence Matrix) for 
1st and 2nd order Haralick statistical descriptors [3] were obtained from these texton maps 
to create the  feature  sets.  Each  feature  set  contains  241  features  per  texton  type.  
Classifications  were performed by the AdaBoost classifier [4] and were tested by 10-fold 
cross validation (10fcv) for all categories. 

 
Finally, the best result was obtained by spatial textons with Luv and Hb achieving 93.46% 
accuracy and a precision of 85.3% and 87.03% respectively versus 87.8% accuracy and 
76.26% precision obtained by frequential textons using RGB. 
 
Besides the valuable classification results, the AdaBoost classifier only takes over 79 
seconds approximately to perform the training and the test in the classification 
making this study truly suitable in breast TMA classification. 
 
References: 
 
[1] Representing and recognizing the visual appearance of materials using three-dimensional textons. 2001. First 
Author (Thomas, Leung), Second Author (Jitendra, Malik). International Journal of Computer Vision. Vol. 43, no. 1. 29–44. 
[2] Texture classification: are filter banks necessary?. 2003. First Author (Manik, Varma), Second Author (Andrew, 
Zisserman).  IEEE Computer Society Conference on Computer Vision and Pattern Recognition. Vol. 2. 691-698. 
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Advances in digital pathology are generating huge volumes of whole slide and tissue 
microarray images which are providing new insights into the causes of most devastating 
diseases. They also present tremendous opportunities for developing and evaluating new 
and more effective treatments that may revolutionize the care of patients with cancers 
and other diseases. The challenge is to exploit the new and emerging digital pathology 
technologies effectively in order to process and model  all  the  heterogeneous  tissue-
derived  data.  This  requires  joint  research  projects  and collaborative programmes 
between academia and industry, which will help developing efficient and innovative 
products to fulfil the needs of digital pathology. The AIDPATH project addresses this 
challenge through a focused research dedicated to: 

a) state of the art medical image display technology, 
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b) novel image analysis solutions for future pathology diagnosis and 
research c) state of the art solutions for biomarker evaluation and 
quantification. 

 

The applications will be breast cancer and nephropathology, though the applicability of the 
implemented tools to other major diseases will be also analysed. 

 

AIDPATH project is composed by 4 companies (Leica, Astrazeneca, Barco and 
TissueGnostics), 3 hospitals and 5 research institutions in Europe and funded by Marie 
Curie Actions FP7 EC-612471 during 4 years. AIDPATH enhances industry-academia 
cooperation in terms of research training, career  development  and  knowledge  sharing  
in  digital  pathology.  Thus,  clinicians/biomedical scientists will get broad understanding 
of digital imaging and modern data processing technologies, and engineers/computer 
scientists will have deep knowledge of disease processes and the clinical needs. This will 
facilitate the development of this field by producing new products and research results 
tailored to fulfil their needs. A focused research and training programme has been designed 
to ensure the transfer of knowledge via 72 inter-host secondments, new recruitments 
training, and a variety of activities including networking, workshops, summer schools, short 
courses, as well as complementary skills training. 
 
[1] http://aidpath.eu/  
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Autofluorescence in arthropods has been used successfully for virtual dissection and 
reconstruction of 3D structures without affecting the integrity of the specimen, a very 
important option in the register of Biodiversity. In a previous study (Valdecasas & Abad, 
2011) [1] showed how the molecular digestion of microscopic specimens of arthropods left its 
external structure available for future studies with an increase in autofluorescence, possibly 
due to the alteration of the composition of the cuticle protein. We recently addressed the study 
of a collection of arthropods saved in the Department of Entomology of the Natural History 
Museum  in Stockholm, where permanent slides as well as collections of material stored in 
liquid fixative remain without dissection. The surprise has been that, the material on slides 
lack  autofluorescence, while the material in the liquid without dissecting, still have enough 
autofluorescence for Laser Scanning Confocal Microscopy (LSCM) study. 

In this communication:  

a) We analyzes the external causes of loss of autofluorescence in these slides,  
 
b) Estimate the rate of decrease of autofluorescence in fixed material and  
 
c) Some other aspects  of the slide mounting medium, and optimal image  acquisition 
procedure  by LSCM are reviewed. 

[1] Valdecasas, A. G. & Abad, A. 2011. Morphological confocal microscopy in Arthropods and the enhancement of 
autofluorescence after proteinase k extraction. Microscopy and Microanalysis 17: 109-113 
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Tissue analysis, and in particular tumor analysis, is classically performed by serial sectioning 
and staining. Although standard and highly specific for histological or fluorescent antibody 
staining, sectioning tissues results less practical to understand the 3D morphology of organs, 
and discouragingly tedious when it comes about reconstructing it.  

We use Lightsheet Fluorescence Macroscopy (or Ultramicroscopy[1]) to generate whole-
organs and whole-embryos volume images of samples of sizes up to 1,5cm, for posterior in 
toto analysis. Samples are chemically cleared to allow a transparency that enables penetration 
of laser illumination down to a centimetre. Double side illumination enables to circumvent 
major scattering effects introduced across the path of the lightsheet through large sample, and 
to optimize the quality of the image on both sides, right and left. We will show an image 
analysis pipeline to perform high resolution analysis in whole mount embryos and organs, 
which consists in i} fuse double side illuminations with different fusion algorithms, ii} 
recombine 3D mosaic images, and perform in toto segmentation. We use Ilastik, an 
interactive learning and segmentation software toolkit which enables to segment different 3D 
elements from a single sample, based on user classification of the target elements. We will 
show examples of anatomical studies or organs sizes and shape in wild-type and mutant 
embryos, and lungs structure segmentation for metastatic cells localization across whole 
lungs. We will also discuss recent improvements implemented on the instrument to perform 
3D intelligent imaging in order to reduce the amount of acquired data down to the relevant 
content of the images, e.g. where the sample of interest (a specific tissue or a cell population) 
is detected during acquisition. 
[1] Ultramicroscopy: three-dimensional visualization of neuronal networks in the whole mouse brain. 2007.  HU Dodt, U 
Leischner. Nature Methods - 4, 331 – 336 
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A standing challenge in developmental biology is the study of morphogenetic processes in 
vivo and in toto, ie, inside whole embryos. Conventional microscopy relies on thin tissues, 
typically 1-to-few cell layers, or 3D imaging of larger tissues, often in vivo, using confocal of 
2p microscopy. However, none of these techniques have allowed deep observation in most 
mid-to-late stage vertebrate embryos. Two recently developed techniques have come to aid 
developmental biologists, both in fixed and live specimens: optical tomography (aka OPT) 
and light-sheet microscopy and [1; 2]. However, commercial implementations of these 
techniques are still scarce (for optical projection tomography, currently there is no 
commercial solution), and few prototypical systems are available. Here we present the 
OpenSpin microscopy platform [3] which offers a simple solution for implementation and 
operation of both light-sheet and optical tomography mesoscopy. We will present results of 
3D anatomical datasets obtained with large embryos of several different species and an 
“OPenT” - a fully open-source optical tomography scanner. This low-cost setup can easily be 
implemented in most developmental biology/microscopy labs without advanced technical 
bioimaging capabilities. We also present an online anatomical database resource for 
developmental biologists, being prepared with open-source solutions, known currently as 
“Haeckaliens” and available online at: www.gabygmartins.info/research/haeckaliens. 

References 
[1] Sharpe J et al. 2002. Science 296, 541–545  
[2] Huisken J et al 2004. Science 305: 1007-1009   
[3] Gualda E et al 2013; Nature Methods 10: 509-510   
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Plant material often challenges microscopy-imaging methods needed of the penetration of 
chemicals through the vegetal tissues. This is due to well-known reasons, mainly the presence 
of cell walls sometimes highly specialised like those present in the pollen grains. We review 
here the methods that we use in our and other laboratories to overcome this low penetrability 
of reagents, which mainly include chemicals, fluorescent molecules, antibodies, labelled 
antibodies and DNA-RNA probes. These methods comprise a broad panel of approaches like 
the use of detergents, different fixatives, clearing agents, controlled digestions of the cell wall 
with lytic enzymes [1]. More recently, the use of microinjection techniques for 
straightforward access of substances delivered to the plant cell interior [2] allow us 
overcoming the limited accessibility of plant male and female gametophytes for 
immunolocalization studies. 

This work was supported by ERDF co-funded grants BFU2011-22779, AGL2011-24428, 
P2010-AGR6274 and P2011-CVI7487. JCJ-L and JDA also thank funding by the European 
Marie Curie Research Program (FP7-PEOPLE-2011-IOF, grant number 301550). AZ thanks 
ceiA3 grant for Ph.D. in enterprises. 
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[1] An Efficient Method for Quantitative, Single-cell Analysis of Chromatin Modification and Nuclear Architecture in Whole-mount 
Ovules in Arabidopsis. 2014. W. She, D. Grimanelli, C. Baroux. J. Vis. Exp. (88), e51530, doi:10.3791/51530 (2014). 
http://www.jove.com/video/51530/an-efficient-method-for-quantitative-single-cell-analysis-chromatin  
[2] FIMBRIN1 is involved in lily pollen tube growth by stabilizing the actin fringe. 2012. H Su, J. Zhu, C. Cai, W. Pei, J. Wang, H. 
Dong, H. Ren. Plant Cell. 24,4539-4554. 
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Advanced optical microscopy has revolutionized cell biology, allowing the characterization of 
essential process in a plethora of organisms. 
Progress in understanding plant cell biology has awaited the adaptation of imaging tools to the 
special characteristics of these high eukaryotes. One of the main differences among plants and 
other eukaryotes cell is the presence of a surrounding cell wall , which in certain cells is 
additionally covered with a cuticle layer, enriched in lipids. The second key problem to be 
resolved on plant imaging is that many structures of interest within plant cells, such as the 
plasmodesmata, lie some distance from the coverslip, posing problems for super-resolution 
approaches. 
Over the past few years, the development of imaging tools has been crucial for identifying, 
and in some instances confirming, essential components of plant cells. Among them, the 
spinning disc and variable angle confocal microscopy have led to an astonishing number of 
new insights into the mechanisms of membrane trafficking and cell wall synthesis in plants 
[1,2]. Through atomic force microscopy, the enzyme action on the surface of cellulose at a 
nanoscale resolution has been in situ time-resolved [3]. Moreover, the plasmodesmata 
structure and role as virus channel have been resolved using three-dimensional structured 
illumination microscopy [4].   
We aim to discuss the actual applications and potential of advanced optical microscopy in 
plant biology. 
 
References: 
[1] Gadeyne and Sánchez-Rodríguez et al. (2014) The TPLATE adaptor complex drives clathrin-mediated endocytosis in plants. 
Cell 156, 691-704. [2] Paredez et al. (2006) Visualization of cellulose synthase demonstrates functional association with 
microtubules. Science 9:312 (5779), 1491-1595. [3] Bubner et al (2012) Cellulases Dig Deep. In situ observation of the 
mesoscopic structural dynamics of enzymatic cellulose degradation.The Journal of Biological Chemistry, 287, 2759-2765. [4] 
Fitzgibbon et al (2010) Super-Resolution Imaging of Plasmodesmata Using Three-Dimensional Structured Illumination 
Microscopy. Plant Phys 153 (4) 1453-1463. 
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content structure analysis in organ slice preparations. 

Vallejo-Cremades MT1*,  Algarra E1, Martínez L2, Tovar JA2 

1 Image Core Platform, IdiPaz Hospital Universitario “La Paz” 28046 Madrid,  
2 Pediatric Surgery Department, Hospital Universitario “La Paz”  28046 Madrid. 

*tvallejo.hulp@salud.madrid.org 

Sensorineural hearing loss (SNL) observed in patients with congenital diaphragmatic hernia 
(CDH) can be due to abnormal innervations. We hypothesized that the inner ear nervous tracts 
could be deficient in rats with nitrofen-induced CDH. This hypothesis was tested by assessing 
the localization and expression of neural markers in the inner ear of rats with CDH using 
automated microscope Nikon TI Eclipse inverted microscope and NIS Elements software. 
Pregnant rats were treated on E9.5 with either nitrofen (1mg/250 g i.p.) or olive oil alone and 
the foetuses were recovered on E21. For acetyl-cholinesterase histochemistry and Luxol Fast 
Blue (LFB) histology, the heads were cut and immersion-fixed in 4% PFA, cryoprotected in 
30% sucrose (in phosphate-buffered saline [pH 7.4]) after fixation and frozen at -70°C. The 
heads (20 µm) were sectioned at the modiolar level of the inner ear.  

A few small spiral ganglion neurons were positive for acetyl-cholinesterase in both groups. 
However, acetyl-cholinesterase activity was decreased overall in the inner ear of CDH rats in 
comparison with controls. Non significant differences were observed in LFB stained CDH 
inner ear foetus. In our disease model, automated microscopy analysis display interesting 
tools to find out deficient neural structures related with Sensorineural hearing loss in CDH 
syndrome. 
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CONTACT INFORMATION 
 

E-mail: remoamadrid14-l@uam.es 

Web: http://remoamadrid14.wordpress.com  

Twitter: @remoamadrid14  

 

Maite Villalba, Carmen Sánchez and Mª Angeles Muñoz will stay at the Registration desk on 
Monday from 9:00 to 10:00 and from 8:00 to 9:00 on Tuesday and Wednesday.  

 

ACCESS MAP FOR REMOA MEETING 
 

 

mailto:remoamadrid14-l@uam.es
http://remoamadrid14.wordpress.com/
http://www.cbm.uam.es/confocal
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LOCATIONS AN ROOMS 

 

Workshop room I: 2nd floor 
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TUESDAY DINNER 
 

Tuesday dinner at 21:00 will be hold in Casa Juan Restaurant, 111 Infanta Mercedes 
Street.  

Just for Contributors and Speakers. Sorry.  

Casa Juan Restaurant
(111 Infanta Mercedes Street)

Calle Bravo Murillo
Metro Valdeacederas (1)

Pza. Castilla: Bus (67, 124, 132, 134, 135) & Metro (1, 9, 10)
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TRANSPORT & TOURIST INFORMATION 
 
 
FLIGHT: Madrid Barajas Airport 
 
From the Airport, Buses, Metro (Line 8), Train/RENFE and Taxi are available. 
 
TRAIN: RENFE 

Transport in Madrid: Information system 

Train: Cercanías Renfe Madrid 

Buses: EMT Madrid 

Underground: Metro Madrid 

Usefull Mobile APPs: Urban Step, EMT Madrid, Metro Madrid,  

Madrid Metro|Bus|Cercanias 

 

Tourist info: Esmadrid.com & Tourism in Madrid. Government of Madrid & Madrid City 

Council 

 
 
  

http://www.aena-aeropuertos.es/csee/Satellite/Aeropuerto-Madrid-Barajas/en/Page/1049727006353/
http://www.emtmadrid.es/lineaAeropuerto/index.html
http://www.aena-aeropuertos.es/csee/Satellite/Aeropuerto-Madrid-Barajas/en/InfoPractica_FP/1237554327351/1237554326802/Metro-Line-8.html?other=1237554327301
http://www.aena-aeropuertos.es/csee/Satellite/Aeropuerto-Madrid-Barajas/en/InfoPractica_FP/1237554327779/1237554326802/Local-trains.html?other=1237554327698
http://www.aena-aeropuertos.es/csee/Satellite/Aeropuerto-Madrid-Barajas/en/Page/1237554330997/
http://www.renfe.com/EN/viajeros/index.html
http://www.ctm-madrid.es/servlet/IdiomaServlet?xh_IDIOMA=2
http://www.renfe.com/viajeros/cercanias/madrid/index.html
http://www.emtmadrid.es/
http://www.metromadrid.es/en/index.html
http://urbanstep.com/en/
http://www.emtmadrid.es/movilidad20/aplicaciones.html
https://www.metromadrid.es/en/viaja_en_metro/App.html
https://play.google.com/store/apps/details?id=com.dmp.free.madrid&hl=es
http://www.esmadrid.com/en/portal.do
http://www.turismomadrid.es/en/
http://www.madrid.org/cs/Satellite?c=Page&cid=1273687122273&idTema=1142598781409&language=es&op=1273044216036&pagename=ComunidadMadrid%2FEstructura&pid=1273078188154
http://www.madrid.es/portales/munimadrid/es/Inicio/Ayuntamiento/Cultura-y-Ocio?vgnextfmt=default&vgnextchannel=0c369e242ab26010VgnVCM100000dc0ca8c0RCRD
http://www.madrid.es/portales/munimadrid/es/Inicio/Ayuntamiento/Cultura-y-Ocio?vgnextfmt=default&vgnextchannel=0c369e242ab26010VgnVCM100000dc0ca8c0RCRD
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This event has been organized by: 

 

Diego Megías 

Centro Nacional de Investigaciones Oncológicas  

Instituto de Salud Carlos III      

 

 

Carlos Sánchez  

Centro de Biología Molecular Severo Ochoa  
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Consejo Superior Investigaciones Científicas  
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http://www.cnio.es/ing/grupos/plantillas/curriculum.asp?pag=497
http://www.cnio.es/
http://www.isciii.es/
http://www.cbm.uam.es/confocal
http://www.cbm.uam.es/
https://www.uam.es/
http://www.csic.es/
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https://www.cnio.es/ing/grupos/plantillas/presentacion.asp?grupo=50004304
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