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International Weber Symposium on  

Innovative Fluorescence Methodologies 

in Biochemistry and Medicine 
 

 

 

This symposium honors the fundamental and far-reaching contributions 

of Professor Gregorio Weber. It provides an overview of modern fluorescence 

methodologies and applications in the biological and medical sciences.  

 

 

 
       For more information about Gregorio Weber: 

 

 

 

 

Weber symposia were held in Búzios, Brazil, in 2017, in Hawaii 

in 2014, 2011, 2008, 2005, 2002, 1999, and 1995, and in Italy in 1986 and 

1991. 
 

 

In 2023 we have the honor of hosting this distinguished event in the city of 

Punta del Este, Maldonado, Uruguay. 
 

 
 

 
 
 
 
 
 

 
 
 
 
 
 

 

Welcome to everyone! 
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Organizing Committee 

 

• Leonel Malacrida 

Principal Investigator, Advanced Bioimaging Unit, Institut 

Pasteur de Montevideo and Hospital de Clínicas, 

Universidad de la República, Uruguay.  

Associate Professor, Pathophysiology Department, 

Hospital de Clinicas, Facultad de Medicina, Universidad de 

la República. 

• David M. Jameson 

Professor of Cell and Molecular Biology, John A Burns 

School of Medicine, University of Hawaii at Manoa. 

• Enrico Gratton 

Principal Investigator of the Laboratory for Fluorescence 

Dynamics (LFD). Professor of Biomedical Engineering, 

Physics, and College of Medicine, University of California, 

Irvine. 

 

Symposium Administrators 

• Belén Torrado 

Postdoctoral Research Scholar. Laboratory for 

Fluorescence Dynamics. University of California, Irvine, 

USA. 

• Marcela Díaz 

Unidad de Bioimagenología Avanzada. Institut Pasteur de 

Montevideo, Montevideo, Uruguay. 

 

 

  

@Weber_Symposium 
 

webersymposium@gmail.com 
 

Link to event webpage 
Check out here: 

https://www.webersymposium.com/ 
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Gregorio Weber International Prize in Biological 

Fluorescence 
 

The Gregorio Weber International Prize in Biological Fluorescence 

(Weber Prize) is awarded for research related to a doctoral (or 

equivalent) dissertation. All fields of biological fluorescence 

(experimental, theoretical, or applied) are eligible. The award is conferred 

approximately every three years and is presented at a selected 

international scientific meeting. The award is international in scope. 

Submitted dissertations are evaluated by a scientific panel and a few 

finalists will be identified. A second panel selects the winner from the 

finalists. The winner receives a cash award of $1,000 and an invitation to 

present an acceptance lecture at the Weber Symposium. The remaining 

finalists receive honorable mention awards.  
 
 
For more information about Gregorio Weber International Prize: 

 
 

Winner 2023 
 

- Dr. Lorenzo Scipioni 

Universita Degli Studi Di Genoa. Instituto Italiano Di Tecnologia, Italy. Physics. 

Thesis Title: Local image correlation methods for the characterization of 

subcellular structure and dynamics by confocal and super-resolution 

microscopy. 

 

Honorable mention: 

- Dr. Arindam Ghosh 

Georg-August-Universitat Gottingen, Germany. Mathematics and Natural 

Sciences. 

Thesis title: Single Molecule Fluorescence Spectroscopy and Imaging: 

Advanced Methods and Applications in Life Sciences. 

- Dr. Johannes Stein 

Max Planck Institute of Biochemistry in Martinsried, Germany. Physics. 

Thesis title: Localization-Based Fluorescence Correlation Spectroscopy. 

- Dr. Luciano A. Masullo 

Universidad de Buenos Aires, Argentina. Physics. 

Thesis title: Photon-efficient fluorescence nanoscopy by scanning light 

intensity minima.  
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Sunday, Jan 8, 2023 
 

• 15:00 - Registration, poster and exhibit setup. 

• 19:30 - Welcome: Leonel Malacrida, David M Jameson, and 

Enrico Gratton. 

• 19:45 - Opening lecture. David M Jameson: The seminal 

contributions of Gregorio Weber to modern fluorescence spectroscopy 

and to protein chemistry. 

• 20:45 - Cocktail reception 
 
Monday, Jan 9, 2023 
 

• 07:30 - Breakfast at dining room, followed by posters and exhibits. 

 

Chair: Gregory Reinhart 

• 09:00 - Lecture 1. Enrico Gratton: Multiplexing spectra and 

lifetime in 32 channels simultaneously. 

• 09:30 - Lecture 2. Diego Presman: Insights on transcription 

factors and chromatin dynamics through single-molecule tracking in live 

cells. 

• 10:00 - Lecture 3.  Francesco Cardarelli: Once in a (fluorescence) 

lifetime: from synthetic identity to biological function of nanoencapsulated 

drugs in biomedical applications 

• 10:30 - Break, posters and exhibits. 

 

Chair: Leonel Malacrida  

• 11:15 - Lecture 4. Jay Knutson: Fluorescence Lifetime 

Microscopy: Metabolic Signaling and Analysis. 

• 11:45 - Lecture 5. Luca Lanzanò: Lifetime-based super-

resolution and its application to a model of oncogenesis. 

• 12:15 - Lecture 6. Jörg Enderlein: Metal and Graphene Induced 

Energy Transfer Imaging. 

• 12:30 - Lunch 

 

Chair: David Jameson 

• 14:15 - Lecture 7. Thorsten Wohland: Computational Advances 

and Applications in Imaging Fluorescence Correlation Spectroscopy. 

• 14:45 - Lecture 8. Francisco Barrantes: The individual molecule 

and its tribe, the nanocluster: the case of the nicotinic acetylcholine 

receptor. 

• 15:15 - Lecture 9. Gokul Upadhyayula: Making the invisible 

visible: imaging subcellular dynamics in multicellular systems. 
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• 15:45 - Break with posters and exhibits. 

 

Chair: Francesco Cardarelli 

• 16:30 - Lecture 10. Amitabha Chattopadhyay: Cholesterol-

dependent Endocytosis and Trafficking of GPCRs: Implications in 

Pathophysiology and Therapeutics. 

• 17:00 - Lecture 11. Hernán Grecco: From experiments to model 

and back: activity flow in the apoptotic network 

 

Tuesday, Jan 10, 2023 

 

• 07:30 - Breakfast at dining room, followed by posters and exhibits. 

 

Chair: Alberto Diaspro 

• 09:00 - Lecture 12. Fernando Stefani: RASTMIN: an alternative 

to MINFLUX that enables nanometer resolution in a laser-scanning 

(confocal) microscope. 

• 09:30 - Lecture 13. Ilaria Testa: From STARSS: measuring 

rotational diffusivity with reversible photo-switching.  

• 10:00 - Lecture 14. Adán Guerrero: Extending resolution within a 

single imaging frame. 

• 10:30 - Break, posters and exhibits. 

•  

Chair: Jay Knutson 

• 11:15 - Lecture 15. Rafael Piestun: Optimizing Super-resolution 

Localization Microscopy:   Three Dimensions, Dense Scenes, Fast drift-

less acquisition, and Multicolor/Multispectral Imaging. 

• 11:45 - Lecture 16. Don Lamb: Measuring protein dynamics using 

smFRET. 

• 12:15 - Lecture 17. Martin Hof: Protein hydration and dynamics 

seen by fluorescence: TDFS and PET-FCS. 

• 12:45 - Lunch 

 

 

 

Chair: Leonel Malacrida  

• 14:00 - Lecture 18. Valeria Levi: An unexpected partnership 

between SOX2 and the Glucocorticoid receptor: nothing to do together 

but something (unknown) in common. 

• 14:30 - Lecture 19. Sua Myong: G-quadruplex as a genetic switch 

in transcription and translation. 
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• 15:00 - Lecture 20. Luke Lavis: Designing brighter dyes for 
advanced fluorescence microscopy and beyond. 

• 15:30 - Break, posters and exhibits 

 

Chair: David Jameson 

• 16:00 - Lecture 21. Elizabeth Hinde: Fluorescence fluctuation 

spectroscopy of protein transport as a function of oligomeric state. 

• 16:30 - Lecture 22. Markita Landry: Imaging Neuromodulation in 

the Brain with Near-Infrared Fluorescent Nanosensors. 

• 17:00 - Lecture 23. Weber Thesis Award Winner: Lorenzo 

Scipioni: High-content determination of the cell state by Phasor S-FLIM. 
• 17:30 - Lecture 24. Weber Lecturer: Alberto Diaspro: The 
multimodal microscope and the Plato’s allegory of the cave. Increasing 
knowledge by coupling fluorescence and label-free mechanisms of 
contrast. 
 

Wednesday, Jan 11, 2023 
 
• 07:30 - Breakfast at dining room followed by posters and exhibit. 
 

Confirmed short talks: 

• 9:00 - Christian Combs: Convolutional Neural Network 

Transformer (CNNT) for Fluorescence Microscopy Denoising with 

Improved Generalization and Fast Adaption. 

• 9:15 - Florencia Irigoín: Study of biophysical properties of the 

cilium that regulate protein transport to the organelle. 

• 9:30 - Rajesh Ramachandran: The predicted coiled-coil motif of 

intrinsically disordered mitochondrial Fission Factor (Mff) functions as a 

lipid-sensing amphipathic helix. 

• 9:45 - Irene Carlon-Andres: Quantitative characterization of HIV-

1 viruses using fluorescence lifetime correlation spectroscopy: Lifetime-

based Virometry. 

• 10:00 - Camila Oses: The dynamical organization of pluripotency 

transcription factors respond to differentiation cues in early S-phase. 

 

• 10:15 - Natalia Philipp: Measuring protein interaction from 

images. 

• 10:30 - Elaine Petroniho: Can Heparin Modulate Prion Protein 

Liquid-Liquid Phase Separation? 

 
Rest of day free 
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Thursday, Jan 12, 2023 
 

• 07:30 - Breakfast at dining room, followed by posters and exhibits. 

 

Chair: Francisco Barrantes 

• 09:00 - Lecture 25. Francesco Palomba: Advanced fluorescence 

microscopy techniques for the biophysical understanding of protein 

condensates. 

• 09:30 - Lecture 26. Jerson Silva: The chameleonic behavior of 

p53 in health and disease:  Phase separation and aggregation of mutant 

p53 as an emerging target in cancer. 

• 10:00 - Lecture 27. Melissa Birol: Imaging disordered protein 

systems through different scales. 

• 10:30 - Break, posters and exhibits. 

 

Chair: Debora Foguel 

• 11:15 - Lecture 28. Joachim Mueller: Partitioning of 

ribonucleoprotein complexes from the cellular actin cortex. 

• 11:45 - Lecture 29. Melike Lakadamyali: Super-resolution 

imaging of chromatin structure and dynamics in health and disease. 

• 12:15 - Lecture 30. Luciano Masullo: Single-molecule localization 

with molecular-scale precision by raster scanning a minimum of light. 

• 12:45 - Lunch 

 

Luis Bagatolli Memorial Session 

Chair: Enrico Gratton 

• 14:15 - Lecture 31. Leonel Malacrida: Accessing to cellular 

innards water dipolar relaxation by dimethylamino-naphthalene probes 

and phasor analysis of multiplexing fluorescence microscopy. 

• 14:45 - Lecture 32. Susana Sanchez: Cell Membrane 

heterogeneity and media stiffness. 

• 15:15 - Lecture 33. David Jameson: Nanoimaging Studies on 

Cytoplasmic and Nuclear Arc/Arg3.1. 

• 15:45 - Lecture 34. Soledad Celej: Exploring the phase behavior 

of the amyloidogenic proteins alpha-synuclein and Tau. 

• 16:15 - Break, posters and exhibits. 

 

• 19:00 - Symposium Banquet. 
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Friday, Jan 13, 2023 
 

• 07:30 - Breakfast at dining room, followed by posters and exhibits. 

 

Chair: Thorsten Wohland 

• 09:00 - Lecture 35. Michelle Digman: The phasor approach to 

FLIM for Metabolic profiling and Mitometer for tracking phenotypic 

changes in mitochondria in cancer cells. 

• 09:30 - Lecture 36. Debora Foguel: The role of neutrophils and 

neutrophil extracellular traps (NETs) in amyloid diseases. 

• 10:00 - Lecture 37. Vicente Parot: All-optical neurophysiology 

using high-speed wide-area optical sectioning. 

• 10:30 - Break, posters and exhibits. 

 

Chair: David Jameson 

• 11:30 - Lecture 38. Taekjip Ha: Light, CRISPR and DNA repair. 

• 12:00 - Lecture 39. Elliot Elson: Lipid Domain Growth Studied by 

iFCS. 

 

• 12:30 - Closing remarks and acknowledgments. Leonel 

Malacrida and Enrico Gratton. 
 

 

• 12:45 - Lunch  
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Invited 

Speakers 

 (talks) 
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• David Jameson - USA - Nanoimaging Studies on Cytoplasmic 

and Nuclear Arc/Arg3.1. 

• Enrico Gratton - USA - Multiplexing spectra and lifetime in 32 

channels simultaneously. 

• Diego Presman - Argentina - Insights on transcription factors and 

chromatin dynamics through single molecule tracking in live cells. 

• Francesco Cardarelli - Italy – Once in a (fluorescence) lifetime: 

from synthetic identity to biological function of nanoencapsulated 

drugs in biomedical applications. 

• Jay Knutson - USA - Fluorescence Lifetime Microscopy : 

Metabolic Signaling and Analysis. 

• Luca Lanzanò - Italy - Lifetime-based super-resolution and its 

application to a model of oncogenesis. 

• Jörg Enderlein - Germany – Metal- and Graphene-Induced 

Energy Transfer Imaging. 

• Melike Lakadamyali - USA - Super-resolution imaging of 

chromatin structure and dynamics in health and disease. 

• Francisco Barrantes - Argentina - The individual molecule and 

its tribe, the nanocluster: the case of the nicotine acetylcholine 

receptor. 

• Gokul Upadhyayula - USA - Making the invisible visible: imaging 

subcellular dynamics in multicellular systems. 

• Amitabha Chattopadhyay - India – Cholesterol-dependent 

Endocytosis and Trafficking of GPCRs: Implications in 

Pathophysiology and Therapeutic. 

• Hernán Grecco - Argentina - From experiments to model and 

back: activity flow in the apoptotic network. 

• Fernando Stefani - Argentina - RASTMIN: an alternative to 

MINFLUX that enables nanometer resolution in a laser-scanning 

(confocal) microscope. 

• Ilaria Testa - Sweden - STARSS: measuring rotational diffusivity 

with reversible photo-switching. 

• Adán Guerrero - México – Extending resolution within a single 

imaging frame. 

• Rafael Piestun - USA - Optimizing Super-resolution Localization 

Microscopy: Three Dimensions, Dense Scenes, Fast drift-less 
acquisition, and Multicolor/Multispectral Imaging.   

• Don Lamb - Germany - Measuring protein dynamics using 

smFRET 

• Martin Hof - Czech Republic - Protein hydration and dynamics 

seen by fluorescence: TDFS and PET-FCS. 
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• Valeria Levi - Argentina – An unexpected partnership between 

SOX2 and the Glucocorticoid receptor: nothing to do together but 

something (unknown) in common. 

• Sua Myong - USA - G-quadruplex as a genetic switch in 

transcription and translation. 

• Luke Lavis - USA - Designing brighter dyes for advanced 

fluorescence microscopy and beyond. 

• Elizabeth Hinde - Australia - Fluorescence fluctuation 

spectroscopy of protein transport as a function of oligomeric state.  

• Markita Landry - USA - Imaging Neuromodulation in the Brain 

with Near-Infrared Fluorescent Nanosensors. 

• Lorenzo Scipioni - USA - High-content determination of the cell 

state by Phasor S-FLIM. 

• Alberto Diaspro - Italy - The multimodal microscope and the 

Plato’s allegory of the cave. Increasing knowledge by coupling 

fluorescence and label-free mechanisms of contrast. 

• Francesco Palomba - USA - Advanced fluorescence microscopy 

techniques for the biophysical understanding of protein 

condensates. 

• Jerson Silva - Brazil - The chameleonic behavior of p53 in health 

and disease:  Phase separation and aggregation of mutant p53 as 

an emerging target in cancer. 

• Melissa Birol - Germany – Imaging disordered protein systems 

through different scales. 

• Joachim Mueller - USA - Partitioning of ribonucleoprotein 

complexes from the cellular actin cortex. 

• Thorsten Wohland - Singapore – Computational Advances and 

Applications in Imaging Fluorescence Correlation Spectroscopy. 

• Luciano Masullo - Germany - Single-molecule localization with 

molecular-scale precision by raster scanning a minimum of light. 

• Leonel Malacrida - Uruguay - Accessing to cellular innards water 

dipolar relaxation by dimethylamino-naphthalene probes and 

phasor analysis of multiplexing fluorescence microscopy. 

• Susana A Sánchez - Chile - Cell Membrane heterogeneity and 

media stiffness. 

• Soledad Celej - Argentina - Exploring the phase behaviour of the 

amyloidogenic proteins alpha-synuclein and Tau. 

• Michelle Digman - USA - The phasor approach to FLIM for 

Metabolic profiling and Mitometer for tracking phenotypic changes 

in mitochondria in cancer cells. 
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• Debora Foguel - Brazil - The role of neutrophils and neutrophil 

extracellular traps (NETs) in amyloid diseases. 

• Vicente Parot - Chile - All-optical neurophysiology using high-

speed wide-area optical sectioning. 

• Taekjip Ha - USA – Light, CRISPR and DNA repair. 

• Elliot Elson - USA - Lipid Domain Growth Studied by iFCS. 
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The Seminal Contributions of Gregorio 

Weber to Fluorescence Spectroscopy and 

Protein Chemistry 
 

David Jameson 
 
Department of Cell and Molecular Biology, University of Hawaii at 
Manoa, USA 
 

During the last few decades, fluorescence spectroscopy has 
evolved from a narrow, highly specialized technique into an 
important discipline widely utilized in the biological, chemical, 
and physical sciences. As in all scientific disciplines, the 
development of modern fluorescence spectroscopy has 
benefited from the contributions of many individuals from 
many countries. However, one individual, Gregorio Weber, 
can be singled out for his outstanding and far-reaching 
contributions to this field. This chapter will briefly outline 
aspects of Gregorio Weber’s life and times and discuss some 
of his more important contributions to the fluorescence field. 
Some of his more important contributions to the field of protein 
chemistry will also be discussed. In addition to the facts of 
Weber’s life and work, I shall also interject several anecdotes 
from my personal experience with him, which will serve to 
illustrate his outstanding personality and character. 

  

David Jameson 
 

djameson@hawaii.edu 
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Multiplexing spectra and lifetime in 32 

channels simultaneously 

 
Enrico Gratton and Lorenzo Scipioni  
 
Laboratory for Fluorescence Dynamics. Biomedical Engineering 

Department. University of California, Irvine, USA  
 

The microscope built allows simultaneous spectral phasors 
and lifetime phasors. Using these set of data on 7 different 
dyes we can separate stem cells going through division as 
well as cells having lipid particles of different sizes in 3D 
structures such as organoid and skin. 

Enrico Gratton 

 
egratton22@gmail.com 
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Insights on transcription factors and 

chromatin dynamics through single 

molecule tracking in live cells 

 
Diego M. Presman 

 
IFIBYNE-UBA-CONICET, Argentina 
 

Transcription factors (TFs) scan the nucleus in search of their 
consensus binding motifs located within enhancers or 
promoter-proximal regions. The mechanism by which TFs 
navigate the complex nuclear environment to assemble the 
transcriptional machinery at specific genomic loci remains 
elusive. Using single-molecule tracking (SMT), coupled with 
machine learning, we examined the mobility of multiple 
transcription factors and coregulators both in space and time. 
From a temporal perspective, our results indicate that steroid 
hormone receptors, as well as other transcriptional 
coregulators, architectural proteins, and remodelers, follow a 
power-law distribution of dwell-times, blurring the temporal 
line between non-specific and specific binding, suggesting 
that productive binding may involve longer binding events 
than previously believed. From a spatial perspective, we find 
that all studied proteins display two distinct low- mobility 
states. Ligand activation results in a dramatic increase in the 
proportion of TFs in both low-mobility states. Strikingly, 
histone H2B also exhibits the same two low-mobility states 
and examination of several different cell lines demonstrates 
the universality of these states for both TFs and H2B. Taken 
together, our data suggest that both low- mobility states are 
intimately coupled with mobile chromatin. Importantly, these 
states are not spatially separated as individual H2B and TF 
molecules can dynamically switch between the two low-
mobility states. Overall, we propose a continuum of affinities 
model to explain TF dynamics and found two unique and 
distinct low-mobility states of transcriptional regulators that 
appear to represent common pathways for transcription 
activation in eucaryotic cells. 

  

Diego Presman 
 

presmandm@fbmc.
fcen.uba.ar 
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Once in a (fluorescence) lifetime: from 

synthetic identity to biological function of 

nanoencapsulated drugs in biomedical 

applications 

 
Paolo Tentori1,2, Luca Pesce1, Fabio Azzarello1, Valentina De 
Lorenzi1, Giovanni Signore3, Andrea Camposeo4, Annalisa 
Carretta1, Gianmarco Ferri1, Pasqualantonio Pingue1, Stefano 
Luin1, Daniela Pozzi5, Enrico Gratton6, Fabio Beltram1,2, Giulio 

Caracciolo5, Francesco Cardarelli1  
 
1- NEST, Scuola Normale Superiore, Pisa, Italy. 2- Center for 

Nanotechnology Innovation @NEST, Pisa, Italy. 3- Fondazione Pisana per 

la Scienza (FPS), Pisa, Italy. 4- NEST, Istituto Nanoscienze-CNR, Pisa, 

Italy. 5- Department of Molecular Medicine, Sapienza University of Rome, 

Rome, Italy. 6- Laboratory for Fluorescence Dynamics, Department of 
Biomedical Engineering, University of California at Irvine, USA 

 

Nowadays, Fluorescence Lifetime Imaging Microscopy (FLIM) is an 
established tool to address molecular questions in vitro and in vivo, 
due to its exquisite sensitivity to the nanoscale environment of the 
emitter. Popular applications range from the study of molecular 

interactions to bio-sensing, from the measurement of the intrinsic 
live-cell/-tissue autofluorescence lifetime to its interpretation in terms 
of metabolic switch, differentiation, progression to a pathological 
state, etc. Based on this background, here we pursue an innovative 
line of research on nano-encapsulated compounds (e.g. drugs) and 

their biomedical application which builds on FLIM nanoscale 
sensitivity. In fact, exploiting the intrinsic fluorescence signal of the 
encapsulated compound, FLIM can be used to quantitatively extract 
information on its supramolecular organization within, for instance, 

a pharmaceutical formulation, from the production phase to the 
application in living matter. As first case-study, we selected DOXIL®, 
the liposomal formulation of the well-known anticancer drug 
Doxorubicin. By the fit-free, fully graphical phasor approach to-FLIM 

data, the signature of DOXIL® was first resolved into the contribution 
of three co-existing drug species, each with its characteristic mono-
exponential lifetime, namely: crystallized drug, free drug, and drug 
bound to the liposomal membrane. Then, the exact molar fractions 
of the three species are determined by combining phasor-FLIM with 

quantitative absorption/fluorescence spectroscopy on pure 
standards. Finally, preliminary data on the application of DOXIL® in 
living cells are presented and interpreted in terms of time evolution 
of drug bioavailability and supramolecular state. To prove the 

potency of the proposed approach, additional nano-encapsulated 
compounds are presented alongside their application in different 
fields of nanomedicine, from the treatment of Diabetes to 
neurodegenerative diseases, from cancer to metabolic disorders. 
This work has received funding from the European Research 

Council (ERC) under the European Union’s Horizon 2020 research 
and innovation program (grant agreement No 866127, project 
CAPTUR3D). 

  

Francesco Cardarelli 
 

francesco.cardarelli@sns.it 
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Fluorescence Lifetime Microscopy: 

Metabolic Signaling and Analysis 
 
Rozhin Penjweini, Katie Link, Shureed Qazi, Christian Combs, Dan 
Sackett* and Jay R. Knutson  
 

NHLBI and NICHD 
 

The noninvasive monitoring of cellular metabolism has 
advanced significantly in recent years due to the ability of 
FLIM (Fluorescence Lifetime Microscopy) to distinguish free 
and bound states of key metabolites (and intrinsic 
fluorophores) NAD(P)H and FAD+.  The consequent ability to 
quantify relative prevalence of OXPHOS vs. glycolytic fueling 
of cells is of considerable interest, not only in myocytes, but 
also in pathological (e.g., neoplastic or inflamed/activated) 
states of cells. 
 We have joined these efforts by adding novel fluorescent 
protein - based FRET probes for both [O2] and ROS(reactive 
oxygen species). The former reports (through viewing the 
consequences of diffusion limited consumption) on the critical 
step in ATP production via OXPHOS, and the latter monitors 
species that signal cells to alter their OXPHOS/glycolytic 
switch. 
We also endeavor to make analysis of metabolic state more 
precise through globalDAI (Decay Associated Images) and 
thorough confidence interval testing, in order to yield absolute 
concentrations of the various free/bound species in tissue. 

  

Jay R. Knutson 

 
knutsonj@nhlbi.nih.gov 
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Lifetime-based super-resolution and its 

application to a model of oncogenesis 

 
Luca Lanzanò 1,2, Elena Cerutti1,2, Anna P. Privitera 1, Elisabetta 
Di Franco 1, Morgana D’Amico 1, Pier Giuseppe Pelicci 3,4, Mario 
Faretta 3, Gaetano Ivan Dellino 3,4, Alberto Diaspro 2,5  

 
1- Department of Physics and Astronomy “Ettore Majorana”, 
University of Catania, Catania, Italy. 2- Nanoscopy, CHT Erzelli, 
Istituto Italiano di Tecnologia, Genoa, Italy. 3- Department of 

Experimental Oncology, IEO, European Institute of Oncology 
IRCCS, 20100 Milan, Italy. 4- Department of Oncology and Hemato-
Oncology, University of Milan, 20100 Milan, Italy. 5- DIFILAB, 
Department of Physics, University of Genoa, Genoa, Italy 
 

The development of superresolution microscopy has opened 
the way for studying biological processes at the nanoscale. I 
will discuss how to take advantage of fluorescence lifetime 
detection and phasor analysis to make superresolution 
microscopy more efficient. In particular, I will discuss the 
separation of photons by lifetime tuning (SPLIT) method and 
its implementation in different types of imaging modalities. 
Then, I will discuss application of superresolution microscopy 
to the investigation of chromatin alterations in a model of 
oncogene activation. We apply superresolution microscopy in 
combination with image cross correlation spectroscopy 
(ICCS) to an in vitro model of Acute Promyelocytic Leukemia 
(APL) that allows us to activate the expression of the PML-
RARα oncogene and analyze its effects on the spatiotemporal 
organization of functional nuclear processes. In particular, 
superresolution is combined with a robust image analysis 
protocol that quickly produces a value of colocalization 
fraction on several hundreds of single cells and allows 
observation of cell-to-cell variability.  

  

Luca Lanzanò 

 
luca.lanzano@unict.it 
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Metal and Graphene Induced Energy 

Transfer Imaging 

 
Jörg Enderlein 
 
Third Institute of Physics – Biophysics, Georg August University, 

Göttingen, Germany 
 

Metal-Induced Energy Transfer (MIET) Imaging is a recently 
developed method [1] that allows for nanometer resolution 
along the optical axis. It is based on the fact that, when placing 
a fluorescent molecule close to a metal, its fluorescence 
properties change dramatically, due to electromagnetic 
coupling of its excited state to surface plasmons in the metal. 
This is very similar to Förster Resonance Energy Transfer 
(FRET) where the fluorescence properties of a donor are 
changed by the proximity of an acceptor that can resonantly 
absorb energy emitted by the donor. In particular, one 
observes a strongly modified lifetime of its excited state. This 
coupling between an excited emitter and a metal film is 
strongly dependent on the emitter’s distance from the metal. 
We have used this effect for mapping the basal membrane of 
live cells with an axial accuracy of ~3 nm. The method is easy 
to implement and does not require any change to a 
conventional fluorescence lifetime microscope; it can be 
applied to any biological system of interest, and is compatible 
with most other super-resolution microscopy techniques that 
enhance the lateral resolution of imaging [2-4]. Moreover, it is 
even applicable to localizing individual molecules [5-6], thus 
offering the prospect of three-dimensional single-molecule 
localization microscopy with nanometer isotropic resolution for 
structural biology [7]. I will also present latest developments of 
MIET where we use a single layer of graphene instead of a 
metal film that allows for increasing the spatial resolution down 
to a few Ångströms [8-10]. 

 

1- Chizhik, A. I., et. al.  (2014). Nature Photonics 8:124-127. 2- 
Baronsky, T., et. al. (2017). Nano Lett. 17:3320-3326. 3- Chizhik, A. 
M., et.al. (2017).  ACS Nano 11:11839-11846. 4- Chizhik, A. M., 
et.al. (2018). Mol. Biol. Cell 29:846-851. 5- Karedla, N., et. al. (2014). 

ChemPhysChem 15:705-711. 6- Isbaner, S., et. al. (2018). Nano 
Lett. 18:2616-2622. 7- Thiele, J.C., et.al. (2022). Science Adv. 
8:14190-14200. 8- Ghosh, A., et.al. (2019). Nature Photonics 
13:860-865. 9- Raja, S. O., et.al. (2021). Nano Letters 21:8244-
8249. 10- Ghosh, A., et.al. (2021). Nature Protocols 16:3695-3715. 

  

Jörg Enderlein 
 

jenderl@gwdg.de 
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Super-resolution imaging of chromatin 

structure and dynamics in health and 

disease 

 
Melike Lakadamyali 

 
University of Pennsylvania 
 

Super-resolution microscopy has been playing an 
instrumental role in providing new insights into how the 
genome is folded and packaged inside intact nuclei in single 
cells. I will present our work on using super-resolution 
microscopy to visualize and quantify the spatial organization 
of chromatin with nanoscale spatial resolution in single cells. 
Our work has revealed that at the nucleosomal level chromatin 
is a disordered fiber composed of groups of nucleosomes 
packaged at varying densities, which we named nucleosome 
clutches. Despite the heterogeneity of nucleosome clutch 
organization, the size and packing density of nucleosome 
clutches is cell-type specific and correlates with cell fate. Our 
recent results also show that nucleosome clutches and 
chromatin nano-structure can be remodeled via chemo-
mechanical cues. In particular degenerative chemo-
mechanical cues during disease lead to aberrant chromatin 
nano-structure and loss of mechano-epigenetic memory, 
potentially leading to alterations in cell phenotype.   
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The individual molecule and its tribe, the 

nanocluster: the case of the nicotinic 

acetylcholine receptor  

 
Francisco J. Barrantes, Alejo Mosqueira, Héctor Buena-Maizón 

and Lucas A. 
 
Saavedra. Laboratory of Molecular Neurobiology, Institute of 
Biomedical Research, UCA-CONICET. Buenos Aires, Argentina 

 
Understanding synaptic function requires a detailed 
knowledge of the intervening molecular constituents. In the 
particular case of the peripheral cholinergic synapse (the 
neuromuscular junction), the nicotinic acetylcholine receptor 
(nAChR) plays a central role. We employ a combination of 
STED nanoscopy with single-molecule STORM 
superresolution localization microscopy to study the cell-
surface topography and translational motion of this 
neurotransmitter receptor. At the single-track level, the free 
walks of an individual trajectory are transiently interrupted by 
confinement sojourns in small nanodomains (~50 nm radius), 
with millisecond-long lifetimes. The assembly of nAChR 
nanoclusters occurs in bursts lasting for seconds, separated 
by periods of cluster disassembly. The two dynamic 
processes occur in similar spatial scales, but in different time 
frames and with different cholesterol sensitivities. The ms-
long confinement sojourns and the s-long reversible 
nanoclustering affect all trajectories and determine the 
resulting macroscopic motional regime and the breadth of the 
heterogeneity in the ensemble population. The emerging 
picture is that the nAChR operates in a heterogeneous mixture 
of translational regimes: anomalous subdiffusive, Brownian 
and superdiffusive motions, and that these are subject to 
cholesterol modulation at the cell membrane. 
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Making the invisible visible: imaging 

subcelluar dynamics in multicellular 

systems 

 
Gokul Upadhyayula 

 
Advanced Bioimaging Center, UC Berkeley 
 

Much of what we know today about how life works comes from 
genetics and biochemistry – by grinding up cells to gain 
fragmented, fuzzy snapshots of life. And it’s difficult, without 
clearly seeing it in action, to understand how the interaction of 
trillions of inanimate molecules coalesces into the essence of 
life. So, how do you make visible the invisible? Lattice Light 
Sheet Microscopy is a transformative imaging technology 
which enables physiological observation of subcellular 
features over the relevant scales in space and time because 
of the wide resolution range and large volumetric acquisition 
capability. This new imaging method allows us to record 
dynamics at a scale of nanometers and milliseconds, 
determine their consequences at a scale of microns and 
hours, and visualize their long-term outcome at a scale of up 
to several millimeters over several days.  I will introduce our 
next-generation microscope design– dubbed the “Swiss army 
knife microscope”, which combines several different modes of 
imaging and is designed to alleviate the tradeoffs related to 
resolution, speed, invasiveness and imaging depth, which 
precludes any single optical microscopy to function optimally 
for a diverse set of biological specimens.  
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Cholesterol-dependent Endocytosis and 

Trafficking of GPCRs: Implications in 

Pathophysiology and Therapeutics 

 
Amitabha Chattopadhyay 

 
Centre for Cellular and Molecular Biology, Hyderabad, India  
 

G protein-coupled receptors (GPCRs) are the largest family of 
membrane proteins that relay extracellular signals across the 
plasma membrane and elicit an intricate cascade of cellular 
signaling events. A significantly large fraction of available 
drugs target GPCRs in order to exert fine control over 
functional outcomes from these receptors in pathological 
conditions.  In this context, endocytosis and intracellular 
trafficking of GPCRs stringently regulate signaling outcomes 
from GPCRs within physiologically relevant spatiotemporal 
regimes. The membrane microenvironment around GPCRs 
has recently emerged as a key player in receptor function. 
Cholesterol is the single most abundant lipid in the eukaryotic 
plasma membrane and plays a central role in membrane 
organization and dynamics, with far-reaching functional 
implications in cellular physiology. In this talk, I will discuss 
current excitements in cholesterol-dependent endocytosis 
and trafficking of the serotonin1A receptor, a representative 
neurotransmitter GPCR, using confocal microscopy and 
FACS. We envision that a detailed understanding of the 
contribution of membrane lipids such as cholesterol in 
spatiotemporal regulation of GPCR signaling would enable 
the development of therapeutic interventions fine-tuned to 
receptors residing in specific membrane microenvironments.   
 
1. Kumar, G.A., Sarkar, P., Jafurulla, M., Singh, S.P, Srinivas, G., 
Pande, G., and Chattopadhyay A (2019) Biochemistry 58:2628-
2641. 2. Kumar, G.A., and Chattopadhyay, A. (2020) ACS Chem. 

Neurosci. 11: 453-465. 3. Kumar, G.A., and Chattopadhyay, A. 
(2021) Biochim. Biophys. Acta Mol. Cell. Biol. Lipids 2021:158882. 
4. Kumar, G.A., Sarkar, P., Stepniewski, T.M, Jafurulla, M., Singh, 
S.P., Selent, J., and Chattopadhyay A (2021) Sci. Adv. 7: eabh2922. 
5.        Sharma, A., Kumar, G. A., and Chattopadhyay, A. (2021) 

Traffic 22, 332-344. 6. Kumar, G. A., and Chattopadhyay, A. (2021). 
Biophys. Rev. 13, 1007-1017. 
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From experiments to model and back: 

activity flow in the apoptotic network 

 
Hernán Grecco 
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CONICET 
 

Apoptosis, a form of programmed cell death central to all 
multicellular organisms, plays a key role during organism 
development and is often misregulated in cancer. Devising a 
single model applicable to distinct stimuli and conditions has 
been limited by lack of robust observables. Indeed, previous 
numerical models have been tailored to fit experimental 
datasets in restricted scenarios, failing to predict response to 
different stimuli. Using an anisotropy-based FRET sensor 
array, we obtained a comprehensive dataset in which the 
activity of three caspases simultaneously upon intrinsic or 
extrinsic stimulation. We modeled the time between maximum 
activity of intrinsic, extrinsic and effector caspases, a robust 
observable of network dynamics, to create the first integrated 
Apoptotic Reaction Model (ARM). Observing how effector 
caspases reach maximum activity first irrespective of stimuli 
used, led us to identify and incorporate missing feedback into 
a successful model for extrinsic stimulation. By simulating 
different recently performed experiments, we corroborated 
that ARM adequately describes them. This integrated model 
provides further insight into the indispensable feedback from 
effector caspase to initiator caspases. 
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RASTMIN: an alternative to 

MINFLUX that enables nanometer 

resolution in a laser-scanning 

(confocal) microscope. 

 
Luciano A. Masullo 1, Alan M. Szalai 1,  Lucía F. López 1, Mauricio 
Pilo-Pais 2, Guillermo P. Acuna 3, Fernando D. Stefani 1 

 
1- Center for Bionanoscience Research (CIBION), Buenos Aires, 
Argentina, 2- University of Fribourg, Switzerland, 3- University of 
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Here, we present RASTMIN (RASTer scanning MINima), a 
single-molecule localization method that delivers a 
localization precision equivalent to MINFLUX but is easily 
implementable on any laser-scanning (confocal) microscope 
with few modifications [1]. We present the working principle, 
simulations, experimental set-up, and performance 
demonstrations through single-molecule localization 
measurements and super-resolution imaging of DNA-origami 
structures. RASTMIN is fully compatible with lifetime 
measurements and with any other laser-scanning 
fluorescence microscopy techniques such as two-photon 
microscopy. In addition, we present a simpler conceptual 
framework to understand this method as well as other 
reported methods of the same kind, such as MINFLUX, orbital 
tracking or MINSTED [2]. 

 
[1] Masullo, L. A.; Szalai, A. M.; Lopez, L. F.; Pilo-Pais, M.; Acuna, 
G. P.; Stefani, F. D. An Alternative to MINFLUX That Enables 
Nanometer Resolution in a Confocal Microscope. Light Sci. Appl. 

2022, 11 (1), 199. https://doi.org/10.1038/s41377-022-00896-4.[2] 
Masullo, L. A.; Lopez, L. F.; Stefani, F. D. A Common Framework 
for Single-Molecule Localization Using Sequential Structured 
Illumination. Biophys. Reports 2022, 2 (1), 100036. 

https://doi.org/10.1016/j.bpr.2021.100036. 
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STARSS: measuring rotational diffusivity 

with reversible photo-switching 

 
Ilaria Testa 
 
KTH, SciLifeLab, Stockholm, Sweden 

 

The formation of macromolecular complexes can be 
measured by detecting changes in rotational mobility using 
time-resolved fluorescence anisotropy. But this method is 
limited to relatively small molecules (~0.1 30 kDa), excluding 
the majority of the human proteome and its complexes. We 
describe Selective Time-resolved Anisotropy with Reversibly 
Switchable States (STARSS), which overcomes this limitation 
and extends the observable mass range more than three 
orders of magnitude. STARSS is based on long-lived 
reversible molecular transitions of switchable fluorescent 
proteins to resolve relatively slow rotational diffusivity of large 
complexes. Rotational diffusion provides direct information on 
the size and local environment of molecular complexes in 
solution and cells. Since STARSS is compatible with live cell 
imaging and protein tagging it can be applied to study changes 
in mass, local viscosity or degree of rotational freedom of most 
proteins in their native environment.  We used STARSS to 
probe the rotational mobility of several molecular complexes 
in cells, including chromatin, the retroviral Gag lattice and Arc 
oligomers. Since STARSS can probe arbitrarily large 
structures it is generally applicable to the entire human 
proteome.  
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Extending resolution within a single 

imaging frame 

 
Esley Torres García1,2, Raúl Pinto Cámara1,2, Alejandro Linares2,3, 
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Darszon8, Mariano G. Buffone6, Roberto Rodríguez Morales13, Juan 

Manuel Rendon-Mancha1 Christopher D. Wood2, Armando Hernández-
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MA 02543, U.S.A. 4- Instituto de Investigaciones Biomédicas, Universidad 

Nacional Autónoma de México. Ciudad de México, México. 5- Departamento 

de Química de Biomacromoléculas, Instituto de Química. Universidad 

Nacional Autónoma de México. Ciudad de México, Mexico. 6- Instituto de 

Biología y Medicina Experimental (IBYME‐CONICET), Buenos Aires, 

Argentina. 7- Departamento de Biología Molecular de Plantas, Instituto de 

Biotecnología, Universidad Nacional Autónoma de México, Cuernavaca, 
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Instituto de Biotecnología, Universidad Nacional Autónoma de México, 

Cuernavaca, Morelos, Mexico. 9- Instituto de Investigaciones en 

Matemáticas Aplicadas y en Sistemas, Universidad Nacional Autónoma de 
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Prevention, Faculty of Medicine, University of Rome Tor Vergata, Rome, 
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European Molecular Biology Laboratory, Neurobiology and Epigenetics Unit, 

Monterotondo, Italy. 13- Instituto de Cibernética, Matemática y Física, 

Ciudad de la Habana, Cuba. 14- Electrical and Computer Engineering and 

School of Biomedical Engineering, Colorado State University, Fort Collins, 

Colorado, U.S.A. 

 

The resolution of fluorescence microscopy Images Is limited 
by the physical properties of light. In the last decade, 
numerous super-resolution microscopy (SRM) approaches 
have been proposed to deal with such hindrance. Here we 
present Mean-Shift Super Resolution (MSSR), a new SRM 
algorithm based on the Mean Shift theory, which extends 
spatial resolution of single fluorescence images beyond the 
diffraction limit of light. MSSR works on low and high 
fluorophore densities, is not limited by the architecture of the 
optical setup and is applicable to single images as well as 
temporal series. The theoretical limit of spatial resolution, 
based on optimized real-world imaging conditions and 
analysis of temporal image stacks, has been measured to be 
40 nm. Furthermore, MSSR has denoising capabilities that 
outperform other SRM approaches. Along with its wide 
accessibility, MSSR is a powerful, flexible, and generic tool for 
multidimensional and live cell imaging applications. 
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Optimizing Super-resolution Localization 

Microscopy: Three Dimensions, Dense 

Scenes, Fast drift-less acquisition, and 

Multicolor/Multispectral Imaging   

 
Rafael Piestun 

 
University of Colorado Boulder, USA 
 
 

The advent of fluorescence microscopy over the last decades 
has revolutionized biology. However, the use of optical 
radiation limits the resolution of fluorescence images to 
approximately one half the wavelength of the light used in 
imaging (a few hundred nanometers). Many sub-cellular 
objects are one or two orders of magnitude smaller than this 
diffraction limit. To overcome this limitation, one can impose 
the condition that only a sparse subset of the fluorescent 
molecules are active in any given image frame, thus enabling 
each molecule to be resolved and individually localized to very 
high precision. Localizations from thousands of frames are 
then combined computationally, yielding an image with 
resolution dictated by the precision with which fluorescent 
molecules are localized. By modifying the point spread 
function of the imaging path of the microscope using a photon-
efficient phase mask, we can collect high-precision 
information regarding the axial location of the fluorophores as 
well, thus extending the localization microscopy to 3D. This 
methodology is extended to multicolor/multispectral imaging. 
We further introduce sparsity-based algorithms for identifying 
overlapping images of fluorescent molecules. By relaxing the 
stipulation that the images of the individual molecules be well 
separated, we can identify more molecules per frame of data. 
Our algorithms increase the identifiable density of emitters by 
a factor of ten, resulting in a comparable decrease in data 
collection time. When applied to biological data, we are able 
to compute full 3D reconstructions of objects with feature sizes 
more than an order of magnitude smaller than the diffraction 
limit. 
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Measuring protein dynamics using 

smFRET 

 
Don C. Lamb 
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In a recent, international, multi-laboratory blind study, we 
investigated both how accurately the FRET efficiency could 
be determined and how reliably the presence of dynamics 
could be detected in proteins. This studied focus on spFRET 
measurements of freely diffusing molecules in solution.  The 
results revealed highly reproducible spFRET efficiency 
histograms and mostly consistent determination of protein 
dynamics.  For establishing the presence of dynamics, most 
groups used either the burst variance analysis or plots of the 
donor-lifetime versus the intensity-based FRET efficiency. We 
also investigated what scale of motion can be detected using 
this approach.  
For investigating dynamic processes that are slower than the 
diffusion time in a confocal setup, sample immobilization is 
normally used. The dynamics of individual molecules can then 
be directly observed. In addition, by including an additional 
color, it is also possible to elucidate the presence of correlated 
motions within molecules. However, this comes at a cost in 
complexity and involves time-consuming evaluation of the 
individual traces. To reduce the effort involved in data 
analysis, we have developed Deep-Learning assisted, single-
molecule imaging analysis (DeepLasi). DeepLasi builds upon 
the machine learning approaches developed for two-color 
FRET. It contains an ensemble of pre-trained deep neural 
networks (DNNs) which are designed for rapid classification, 
segmentation, autocorrection and extraction of state 
dynamics for multi-color smFRET experiments. Accepting the 
raw intensity traces as input, DeepLasi will categorize the 
traces, determine corrected FRET histograms from the data 
and calculate transition density plots (TDPs) on a timescale of 
approx. 30-100 ms per trace. We benchmarked DeepLasi 
using ground truth simulations and a L-shaped DNA origami 
structure with a tunable flexible pointer. DeepLasi accurately 
recovers the ground truth parameters and is in high 
accordance with manual evaluation of the experimental data 
including the commonly used Hidden Markov Model (HMM) 
approach for kinetic evaluation. 
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Protein hydration and dynamics seen by 

fluorescence: TDFS and PET-FCS  

 
Martin Hof; J. Heyrovský  
 
Institute of Physical Chemistry, Czech Academy of Sciences, 

Dolejškova 3, 18223 Prague 8, Czech Republic 
 

The hydration and mobility of proteins are believed to 
profoundly affect their function. However, only a few 
approaches for monitoring these characteristics within the 
relevant protein regions are available. Here we describe two 
fluorescence methods for site-specific analysis of the extent 
of hydration and degree of the mobility in enzyme class of 
haloalkane dehalogenases. The first approach is based on 
recording time dependent fluorescence shift (TDFS) [1] 
placing the dye in the tunnel mouth of this enzyme [2]. 
Secondly, the „gating" dynamics of the enzymes can be traced 
by fluorescence correlation spectroscopy following the 
photoinduced electron transfer (PET-FCS) between the 
selected tryptophan and properly positioned fluorescence dye 
[3]. The hydration and dynamics monitored within the 
biologically relevant regions of the dehalogenase enzymes is 
then compared with the enantioselectivity as well as catalytic 
efficiency of various mutants, which brings fundamental 
insights into the functioning of such enzymes. Finally, the 
application of the TDFS approach for integral membrane 
proteins will be discussed.  

 
1- Jesenská, A., J. Sýkora, A. Olżyńska, J. Brezovský, Z. Zdráhal, 
J. Damborský, M. Hof.  J. Am. Chem. Soc., 2009. 131(2): p. 494-
501. 2- Sykora, J.; Brezovsky, J.; Koudelakova, T.; Lahoda, M.; 

Fortova, A.; Chernovets, T.; Chaloupkova, R.; Stepankova, V.; 
Prokop, Z.; Kuta Smatanova, I.; Hof, M.; Damborsky, J. Nat. Chem. 
Biol. 2014, 10, 428. 3- Kokkonen P, Sykora J, Prokop Z, Ghose A, 
Bednar D, Amaro M, Beerens K, Bidmanova S, Slanska M, 

Brezovsky J, Damborsky J, Hof M. J. Am. Chem. Soc., 2018 140 51 
17999-18008 
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An unexpected partnership between SOX2 

and the Glucocorticoid receptor: nothing to 

do together but something (unknown) in 

common 
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Pecci, Alejandra Guberman, Diego M. Presman and Valeria Levi 
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In the last few years, we have witnessed paradigmatic 
changes in our understanding of gene expression regulation. 
For example, the proposal of (and still deeply debated) liquid-
liquid phase separation model to explain the heterogeneous 
distribution of nuclear processes suggests new layers of 
complexity in transcriptional regulation that moves farther and 
farther from the simple interaction of molecules with targets 
on DNA. 
Here, we will discuss our studies on two, in principle, unrelated 
transcription factors (TFs). Steroid receptors (SRs) are ligand-
dependent TFs relevant to key cellular processes in both 
physiology and pathology. On the other hand, SOX2 is a 
master TF of pluripotency of embryonic stem cells, and its 
dysregulation is also associated with various types of human 
cancers.  
We show that the ectopic expression of SOX2 disrupts the 
formation of hormone-dependent intranuclear condensates of 
many steroid receptors (SRs), including those formed by the 
glucocorticoid receptor (GR). These effects on GR 
condensates do not require the intrinsically disordered N-
terminal domain of the receptor and, surprisingly, neither 
relies on GR/SOX2 interactions. The pluripotency TF also 
alters the intranuclear dynamics and compartmentalization of 
the SR coactivator NCoA-2 and impairs GR/NCoA-2 
interactions. Relevantly, SOX2 reduces GR’s binding to 
specific DNA targets and modulates its transcriptional activity.  
Together, our results indicate that the nuclear organization of 
the receptor and its coregulators modulate the transcriptional 
program elicited by GR. 
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 G-quadruplex as a genetic switch in 

transcription and translation 

 
Sua Myong 
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The Johns Hopkins University. 

 
G-qudruplex (G4) is a noncanonical secondary structure that 
can form in both DNA and RNA. Human genome contains 
over 400,000 potential G4 forming sequences (PQS) and they 
are highly enriched in upstream of oncogene promoters and 
regulatory genes, strongly suggesting a switch-like function 
with programed positioning. Many previous studies have 
demonstrated the role of G4 in up or downregulating genomic 
processes including replication, transcription and translation. 
Our recent study demonstrated that in transcription, G4 
forming sequence located in the non-template strand leads to 
a robust formation of R-loop (mRNA annealed to template 
strand), which in turn, induces G4 structure in the non-
template strand. Remarkably, such R-loop/G4 structure drives 
enhanced transcription by a mechanism that involves 
successive formation and release of R-loop. Furthermore, we 
demonstrate that 5’UTR-G4 bearing mRNA (RG4) leads to 
over 10-fold enhanced translation in a cell-free system and in 
e.coli cells. Upon testing several plausible hypotheses, we 
propose that the RG4 structure promotes translation by 
blocking ribosomes from sliding off the mRNA. Our study 
reveals the structure-function relationship of how G4 and R-
loop regulates transcription and translation activity. 
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Designing brighter dyes for advanced 

fluorescence microscopy and beyond 
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Specific labeling of biomolecules with bright, photostable 
fluorophores is the keystone of fluorescence microscopy. An 
expanding method to label cellular components utilizes 
genetically encoded self-labeling tags, which enable the 
attachment of chemical fluorophores to specific proteins 
inside living cells. This strategy combines the genetic 
specificity of fluorescent proteins with the favorable 
photophysics of synthetic dyes. However, intracellular labeling 
using these techniques requires small, cell-permeable 
fluorophores, thereby limiting utility to a small number of 
classic, unoptimized dyes. We discovered a simple structural 
modification to standard fluorophores that improves 
brightness and photostability while preserving other spectral 
properties and cell permeability. Inspired by computational 
experiments, we replaced the N,N-dimethylamino 
substituents in tetramethylrhodamine with a four-membered 
azetidine ring. This net addition of two carbon atoms doubles 
the quantum efficiency and improves the photon yield in living 
cells. The novel substitution is generalizable to fluorophores 
from different structural classes, yielding a palette of 
synthetically tractable chemical dyes with improved quantum 
efficiency and enabling multicolor single-molecule imaging 
experiments. These brighter versions of classic fluorophores 
can be further modified to fine-tune spectral and chemical 
properties for advanced imaging experiments in increasingly 
complex biological samples. 
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Fluorescence fluctuation spectroscopy of 

protein transport as a function of oligomeric 

state 

 
Elizabeth Hinde 
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Nuclear proteins can modulate their DNA binding activity and 
the exploration volume available during DNA target search by 
self-associating into higher order homo-oligomers and 
formation of hetero-complexes, which exhibit different 
stoichiometry. Directly tracking this process in the 
nucleoplasm of a living cell is, however, a complex task. Thus, 
in recent work we developed a series of fluorescence 
microscopy methods based on brightness correlation 
spectroscopy to track the movement of fluorescently tagged 
nuclear proteins as a function of stoichiometry. By simply 
performing a rapid single or dual frame scan acquisition, 
brightness image correlation spectroscopy has the capacity to 
detect within each pixel, protein homo- or hetero-oligomer 
formation, and extract the size dependent obstruction nucleus 
architecture imparts on complex mobility across sub-micron 
distances. From application of this technology to inert versus 
biologically active oligomeric transcription factors that form 
heterocomplexes, we demonstrate protein stoichiometry to 
differentially regulate chromatin accessibility and interaction 
with the DNA template. 
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Imaging Neuromodulation in the Brain with 

Near-Infrared Fluorescent Nanosensors 
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Neurons communicate through chemical neurotransmitter 
signals that either terminate at the postsynaptic process 
(“wired transmission”) or diffuse beyond the synaptic cleft to 
modulate the activity of larger neuronal networks (“volume 
transmission”). Molecules such as dopamine, serotonin, and 
neuropeptides such as oxytocin belong to the latter class of 
neurotransmitters and have been the pharmacological targets 
of antidepressants and antipsychotics for decades. Owing to 
the central role of neuromodulators such as dopamine over a 
range of behaviors and psychiatric disorders, real-time 
imaging of the signal’s spatial propagation would constitute a 
valuable advance in neurochemical imaging. To this end, we 
present a library of nanoscale near-infrared fluorescent 
nanosensors for dopamine, serotonin, and oxytocin, where 
the nanosensors are developed from polymers pinned to the 
surface of single wall carbon nanotubes (SWNT) in which the 
surface-adsorbed polymer is the recognition moiety and the 
carbon nanotube the fluorescence transduction element. 
Excitonic transitions in functionalized SWNT yield up to ΔF/F 
= 4500% near-infrared fluorescence emission in the presence 
of dopamine (Beyene et al. Nano Letters 2018), ΔF/F = 200% 
for serotonin (Jeong et al. Science Advances 2019), and ΔF/F 
= 120% for oxytocin (unpublished). We next demonstrate 
imaging of evoked dopamine release in acute striatal slices, 
and show altered dopamine reuptake kinetics when brain 
tissue is exposed to dopamine receptor agonist and 
antagonist drugs (Beyene et al. Science Advances 2019). We 
characterize our findings in the context of their utility for high 
spatial and temporal neuromodulator imaging in the brain to 
study Huntington’s Disease and discuss generalizable 
approaches to generation of nanosensors for other 
neurotransmitters, neuromodulators, and neuropeptides. 
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High-content determination of the cell state 

by Phasor S-FLIM 
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Many high throughput “-omics” techniques (genomics, 
transcriptomics, proteomics, metabolomics) have been 
developed to characterize the state of a cell. However, such 
methods either require highly specific expertise and 
instrumentation or they’re not applicable to single cells, let 
alone over multiple time points. We aim to propose a novel, 
fluorescence-based, high throughput method that allows for 
the acquisition of multiple physiological parameters over 
extended periods of time for the characterization of the 
physiological state of a cell. 
Environment-sensitive probes can report on important 
physiological parameters including mitochondrial activity 
(membrane potential), lipid metabolism (lipid droplet 
concentration), transcriptional activity (chromatin compaction) 
and cellular homeostasis (intracellular pH), to name a few. 
Despite being well characterized, many technical challenges 
(spectral overlap, sequential acquisition, need for lifetime 
information) prevent their combination and therefore the 
acquisition of multiple physiological parameters at the same 
time. 
One way to solve this issue is the simultaneous acquisition of 
spectral and lifetime information relative to the probes (S-
FLIM), which would also provide a much higher level of detail 
about their photophysical response to the environment. 
Unfortunately, only a handful of commercial microscopes 
allow for S-FLIM acquisition, which is obtained either 
sequentially or with poor spectral resolution, therefore limiting 
the sensitivity as well as the acquisition speed. Moreover, it 
results in unnecessarily long exposure times, which inevitably 
leads to photobleaching and photodamage. 
We constructed a microscope which features spectral 
acquisition over 32 detectors, each of which capable of 
acquiring lifetime information in parallel with very high 
precision and photon efficiency. We will show how the Phasor 
S-FLIM characterization can be an invaluable tool for the 
characterization, design and multiplexing of environment-
sensitive probes and how this approach will open the doors to 
a completely new way of looking at biological samples. 
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Advanced fluorescence light microscopy deals with designing 
and developing optical microscopes able to produce images 
that are rich sources of quantitative information at the 
nanoscale. This fact offers an unprecedented large amount of 
data about the molecular mechanisms that govern and 
determine the fate of living cells. Like in the Plato’s cavern we 
see on a wall the results of light-matter interactions in the real 
world. In this scenario, multimodal optical microscopy is a 
growing attitude boosted by artificial intelligence. The 
microscope enables the realization of a kind of artificial 
environment that offers potential advantages in analysing 
data. It is like an "infinite" space where visualising data. In the 
era of super-resolved fluorescence microscopy, considering 
the lessons of Giuliano Toraldo di Francia and Gregorio 
Weber, the photochemical parameters, from brightness to 
lifetime, can be merged with the ones coming from label-free 
approaches like Mueller matrix microscopy. Here, we report 
on the potential of convolutional neural networks (CNN) and 
independent component analysis (ICA) algorithms in the 
domain of machine learning and deep learning with the 
ambitious target to create a robust virtual environment "to see 
"what we could not perceive before. We will report about the 
development of a multimodal optical microscope reinforced by 
the artificial intelligence components to address a 
fundamental problem in biology: how does chromatin 
organization in the nucleus rule the compaction and function 
of the human genome in the interphase of cells and mitotic 
chromosomes?  Our approach is in tune with the point raised 
by the photographer Gianni Berengo Garden having in mind 
the difference between a photography and an image:” You 
walk into a place, you see there could be a great picture, but 
something is missing. If that something comes, it can be a 
good photo - if not, it's nothing.” 
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Cells can organize many of their biochemical reactions in 
membrane-less compartments. These can be achieved by 
self-assembly of proteins leading to protein phase separations 
(PPS). The mechanism of de-mixing can be physiological 
(inner centromere) and/or pathological (stress granules). 
Quite often same biopolymer can drive different types of 
phase separation (liquid-like, gel-like, solid-like). From a 
biophysics perspective protein phase separation is a liquid de-
mixing process where water/biomolecules interactions can 
affect the formation and the property of the phase separation. 
To characterize that, investigations commonly begin with the 
definition of the phase separation diagram of the purified 
protein that drive the water/protein liquid de-mixing. In our 
opinion, to better understand these complex phases, the 
characterization of the water dynamics is fundamental. Here, 
we proposed the study of the water dipolar relaxation 
measuring the emission spectra and fluorescence lifetime at 
optical resolution of ACDAN (6-acetyl-2-
dimethylaminonaphthalene, solvathocromic dye) that 
colocalize on a model PPS. Indeed, we implement the method 
characterizing the phase diagram of a model PPS obtained by 
the coacervation of bovine serum albumin (BSA) in several 
ratios with a crosslinker and protein concentration. Here, 
phasor analysis of the ACDAN optical properties 
(fluorescence lifetime and emission spectrum) allowed to 
highlight differences in terms of water dynamics of the BSA 
coacervates even if the shape and size of the PPS were 
similar. This method can improve the definition of the phase 
diagram in solution and in cellular environments. We believe 
this approach can be useful to track the inner dynamics of the 
PPS especially when they can evolve to severe pathological 
conditions. 
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Biomolecular condensates are membraneless structures 
originated from liquid-liquid phase separation. In addition to 
the physiological roles, condensates can undergo a solid-
phase transition, generating amyloid-like structures involved 
in degenerative diseases and cancer. We will present recent 
studies on the formation of biomolecular condensates and 
aggregates in proteins involved in cancer, with a special focus 
on the tumor suppressor protein p53. In 1972 the Weber 
statement, “The multiplicity of interactions and the variety of 
effects that follow from them show that multimer proteins are 
unlikely to be limited to a minimal number of allowed 
conformations”, first addressed the dynamic nature of 
proteins. This idea serves as a foundation for understanding 
why several macromolecules, such as p53, exhibit the 
properties of a molecular chameleon.  More than half of the 
malignant tumors harbor mutations in the TP53 gene and will 
kill hundreds of million people if new therapies are not 
developed soon enough. We have explored the findings that 
mutant p53 not only undergoes misfolding, but also forms 
biomolecular condensates and aggregates comparable to 
amyloids formed by other proteins, thereby playing a crucial 
role in cancer development through loss of function (LoF), 
negative dominance (ND) and gain of function (GoF) 
mechanisms. Strikingly, as in the case of toxic amyloids in 
neurodegenerative diseases, the molecular mechanisms 
responsible for the GoF of mutant p53 are not yet completely 
understood. However, we already know that different 
cofactors, such as nucleic acids and glycosaminoglycans, are 
at the crossroads between these two classes of diseases. 
Importantly, molecules that inhibit mutant p53 aggregation 
reduce tumor proliferation and migration. Thus, aberrant 
phase separation and aggregation of mutant p53 have 
become important therapeutic targets against cancer. 
(Supported by funds from CNPq, FAPERJ, CAPES and 
FINEP). 
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Intrinsically disordered proteins are abundantly expressed in 
the brain and are commonly associated with the pathology of 
devastating neurodegenerative diseases. Despite extensive 
study on understanding abnormal aggregation of these 
proteins in disease, many open questions remain regarding 
both the exact functions of these proteins and the triggers that 
may lead to pathology. We use fluorescence lifetime 
microscopy, single molecule fluorescence and fluorescence 
correlation spectroscopy to characterize the interactions of 
IDPs with cellular binding partners to provide insight into their 
functional mechanisms. We explore the different biological 
length scales bringing insights from the molecular, to the 
cellular and tissue levels. Which, in turn, may be used to 
identify novel therapeutic approaches to treat disease. 
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The cell cortex plays a crucial role in cell mechanics, signaling, 
and development. However, little is known about the influence 
of the cortical meshwork on the spatial distribution of 
cytoplasmic biomolecules. Here, we describe a new 
fluorescence microscopy method to infer the intracellular 
distribution of labeled biomolecules with sub-resolution 
accuracy. Unexpectedly, we find that RNA-binding proteins 
are partially excluded from the cytoplasmic volume adjacent 
to the plasma membrane that corresponds to the actin cortex. 
Complementary diffusion measurements of RNA-protein 
complexes suggest that a rudimentary model based on 
excluded volume interactions can explain this partitioning 
effect. Our results suggest the actin cortex meshwork may 
play a role in regulating the biomolecular content of the 
volume immediately adjacent to the plasma membrane. 
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Imaging Fluorescence Correlation Spectroscopy (Imaging 
FCS) has developed into a useful tool to observe 2D and 3D 
biomolecular dynamics and interactions in live systems. 
However, it faces several challenges that need to be 
addressed to make it an easy-to-use tool. First, the sheer 
amount of data recorded by array detectors, requires new 
efficient approaches to data analysis. Second, new 
illumination geometries require new solutions for data fitting 
as often analytic solutions cannot be found for the theoretical 
correlation functions that are required for data fitting. Third, 
measurement times are on the order of minutes, precluding 
the reliable detection of changes that occur below that limit. 
Here, we address these issues by employing GPUs to 
accelerate real-time evaluations and deep learning to improve 
Imaging FCS time resolution and data fitting. GPUs accelerate 
data evaluation between 10-40 times depending on the 
evaluation modality if more than ~100 pixels are evaluated. 
Below that limit of 100 pixels, the overhead of transferring data 
to the GPUs makes them less efficient than the inbuilt CPUs. 
In deep learning we developed two convolutional neural 
networks (CNNs), FCSNet and ImFCSNet, which use either 
correlation functions or raw intensity traces as input, 
respectively. Both networks are trained on simulated, 
synthetic data, as it is difficult to obtain ground truth data for 
FCS over wide parameter ranges. These approaches allow us 
to a) use arbitrary experimental geometries, as analytic fit 
models are no longer required, b) reduce the amount of data 
required by about one order of magnitude to achieve the same 
precision as conventional nonlinear least-squares data fitting, 
and c) reduce the evaluation time by about two orders of 
magnitude. Finally, we will present several applications of 
these computational approaches in cells and on data recorded 
on total internal reflection and light sheet microscopes. 
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Localization of single fluorescent molecules is key for 

physicochemical and biophysical measurements such as single 
molecule tracking and super-resolution imaging. Over the last two 
decades, several methods have been developed in which the 
position of a single emitter is interrogated with a sequence of 
spatially modulated patterns of light [1-6]. Among them, the recent 

MINFLUX [5] technique outstands for achieving a 10-fold 
improvement compared with wide-field camera-based single-
molecule localization, reaching 1–2 nm localization precision at 
moderate photon counts.  

Because they were developed independently and present important 
differences in their experimental setups and data analysis routines, 
various single-molecule localization methods based on sequential 
structured illumination, such as MINFLUX [6], MINSTED [7], or 
Orbital Tracking [1], have been considered as fundamentally 

different or slightly related. In this work, we present a common 
framework [7] that offers conceptual order and provides insight into 
the essential components of all methods for single-molecule 
localization based on sequential structured illumination. 

Interestingly, our calculations show that top single-molecule 
localization performances can be obtained in any raster-scanning 
microscope with minor modifications (e.g., a vortex phase plate in 
the excitation path). We will present the first experimental 
implementation of the latter method, here called RASTMIN, that 

allows 1-2 nm localization precision by raster scanning a minimum 
of light[8]. In contrast to other methods such as MINFLUX, 
RASTMIN can be easily implemented in a standard confocal 
microscope with few modifications. We demonstrate the 

performance of RASTMIN in the localization of single molecules and 
super-resolution imaging of DNA-origami structures using a home-
built confocal microscope with only minor modifications. 

 

1- J. Enderlein, Applied Physic B (2000), 2- V. Levi et al, Biochem. 
Soc. Trans (2003), 3- K. Kis-Petikova, Microsc. Res. Tech. (2004), 
4- A. Germann et al, Optics Express (2014), 5- F. Balzarotti et al, 
Science (2017), 6- M. Weber et al, Nature Photonics (2021), 7- L. 
Masullo et al, Biophysical Reports (2022), 8- L. Masullo et al, Light: 

Science and Applications (2022).  
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The activity-regulated cytoskeletal-associated protein (Arc, 
also known as Arg3.1) is an immediate early gene product 
induced by activity/experience and required multiple modes of 
synaptic plasticity. Both long-term potentiation (LTP) and 
long-term depression (LTD) are impaired upon Arc deletion, 
as well as the ability to form long-term spatial, taste and fear 
memories. The best-characterized function of Arc is 
enhancement of the endocytic internalization of AMPA 
receptors (AMPARs) in dendritic spines, a process associated 
with LTD. This role for Arc in AMPAR endocytosis was 
supported by a report that Arc binds directly to two elements 
of the endocytic machinery, dynamin and endophilin, and by 
our finding that Arc stimulates dynamin self-assembly and 
GTPase activity. Solution of the crystal structure of a C-
terminal segment of Arc revealed a striking similarity to the 
capsid domain of HIV Gag. Moreover, Arc assembles into viral 
capsid-like structures that enclose Arc mRNA, are released 
into the extracellular space, and are internalized by 
neighboring cell. Thus, Arc is unique in promoting plasma 
membrane budding both into and out of the cell. In this project 
we monitored the effect of Arc on membrane budding in giant 
unilamellar vesicles (GUVs). We also used FCS and N&B 
analysis to study Arc oligomerization in the cell cytoplasm and 
nucleus. 
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Water dynamics in different subcellular locations are crucial to 
modulate cellular processes, such as enzyme function, 
membrane dynamics, and phase separation. The existence of 
methods to study water dynamics at the subcellular level in 
vivo are scarce and technically challenging. The 
environmentally sensitive fluorescent probes derived from 
dimethylaminonaphthalene (DAN) were designed by Gregorio 
Weber to sense polarity and dipolar relaxation around its 
proximity and address macromolecules' structural dynamics. 
In this work, we used four different DAN probes: LAURDAN, 
PRODAN, ADCAN, and DANCA, with a differential affinity for 
different subcellular locations due to a functional group 
included in its carbonyl group. These probes evaluate the 
water dipolar relaxation. Thus, they can be used to address 
water dynamics in vivo. Cells were stained with DAN probes 
and imaged using time and hyperspectral resolved 
microscopy using 2-photon excitation. We combined lifetime 
and spectral information in multidimensional analysis using 
the phasor approach to understand and quantify the 
subcellular water dynamics. This approach in combination 
with 6-dimensional phasor variables analysis (lifetime channel 
blue and green and spectral) enables us to trace the water 
dipolar relaxation at the cellular innards. Also, I will cover the 
latest developments at the lab to study the water relaxation at 
membrane-bound specific organelle by phasor multi-
harmonic analysis of LAURDAN fluorescence with 
hyperspectral imaging.  
To finalize, I will tribute Luis A. Bagatolli in recognition of his 
contribution to science and his influence on my work and 
friendship. 

  

Leonel Malacrida 

 
lmalacrida@pasteur.edu.uy 

 



 

47 

Cell Membrane heterogeneity and media 

stiffness 

 
Susana A. Sánchez 
 
Laboratorio de Interacciones Macromoleculares (LIMM). 

Departamento de Polímeros. Facultad de Ciencias Químicas. 
Universidad de Concepción. Concepción, Chile 

 
In vivo, cells are surrounded by extracellular matrix (ECM) 
having different degrees of stiffness depending on their 
location. Adaptation of the cells to temporal and spatial 
changes of the ECM must involve the plasma membrane. The 
participation of plasma membrane in the transduction of 
external mechanical signals is still under study but it is 
postulated to be like the one involved in the translation of 
chemical stimulus: a mechanism where lipid domains (rafts) 
have the role of sequestering the required components for 
signaling, making them accessible by assembling and 
disassembling. We believe that plasma membrane fluidity is 
the result of areas with different order in equilibrium with each 
other that can be modified by external stimulus. In this report, 
this hypothesis was tested by studying the effect of matrix 
stiffness on the distribution of membrane fluidity in living cells. 
Our system consisted of NIH-3T3 cells immersed in matrices 
fabricated with different concentrations of collagen I and 
incubated at 37˚C. The viscoelastic properties of the collagen 
matrices were characterized by Rheometry, the fiber size was 
measured by Scanning Electron Microscopy (SEM) and the 
volume occupied by the fibers by reversed second harmonic 
generated (SHG) signal. Membrane fluidity was measured 
using the fluorescent dye Laurdan and spectral phasor 
analysis. Our results show that as the stiffness of the 
surrounding collagen increased, the amount of Laurdan 
fraction with high degree of packing also increased. Our 
results show that changes in the equilibrium of fluidity domains 
could be a very refined component of the signal transduction 
mechanism for cells responding to matrix structural 
composition. 
 
1- Gunther G, Malacrida L, Jameson DM, Gratton E, Sánchez SA. 
Laurdan since Weber: the quest for visualizing membrane 

heterogeneity. Acc. Chem. Res.  54, 4, 976–987 (2021). 2- Gunther 
G, Jameson DM, Aguilar J, Sánchez SA. Scanning Fluorescence 
Correlation Spectroscopy comes Full Circle.  Methods 140–141: 52-
61 (2018). 3- Gunther G, Herlax V, Lillo MP, Sandoval-Altamirano 
C, Belmar L, Sánchez SA. Study of rabbit erythrocytes membrane 

solubilization using Laurdan and phasor analysis. Colloids and 
Surfaces B: Biointerfaces. 161:375–385 (2018)  
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Liquid-liquid phase separation (LLPS) is currently recognized 
as a common mechanism involved in the regulation of a 
number of spatiotemporal cellular functions. On the other 
hand, LLPS has been related to the biogenesis of several 
neurodegenerative disorders since many proteins that 
undergo aberrant phase separation are also found in 
pathological aggregates. Therefore, the formation of mixed 
protein coacervates may constitute a risk factor in overlapping 
neuropathologies, such as Parkinson’s (PD) and Alzheimer’s 
(AD) diseases. 
Within this context, we first evaluated the homotypic and 
heterotypic phase behaviour of α-synuclein (AS) and Tau, 
linked to PD and AD, respectively. Then, we explored the 
influence of biologically relevant molecules, such as the 
hydrotrope ATP and the biogenic polyamines Spermine (Sp) 
and Spermidine (Spm) on AS and Tau LLPS.  
AS showed a low propensity to form homotypic liquid droplets, 
yet phase separated into liquid condensates that maturated 
over time in the presence of Sp and Tau. ATP and Spm 
instead, induced a rapid formation of mesh-like non-amyloid 
aggregates. On the other hand, whereas Tau easily formed 
electrostatic droplets that dissolved at high ionic strength, 
heterotypic condensates were more resistant to electrostatic 
screening. ATP increased the fluidity of synergic coacervates 
and completely abolished droplet formation at high salt 
concentration. On the contrary, polyamines induced 
deformation and rigidity of homotypic and heterotypic Tau 
condensates, with the appearance of droplets containing 
ThioS aggregates in the presence of Sp. 
Overall, these results provide support for a mechanism in 
which mixed condensates might contribute to the biogenesis 
of AS/Tau pathologies and highlight the diverse effect of 
biomolecules on LLPS of these amyloidogenic proteins.  
 
Acknowledgements: Agencia-FONCyT, CONICET and SECyT-
UNC for financial support. 
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The hallmark of metabolic alteration of increase glycolysis, i.e. 
Warburg effect, in cancer cells together with atypical 
extracellular matrix structure may be responsible for tumor cell 
aggressiveness and drug resistance. While it is it known that 
tumor cells stiffen the ECM as the tumor progression occurs, 
a direct relationship between ECM stiffness and altered 
metabolism has not been explicitly measured. Here we apply 
the phasor approach technique in fluorescence lifetime 
imaging microscopy (FLIM) as a novel method to measure 
metabolic alteration as a function of ECM mechanics. We 
imaged and compared triple-negative breast cancer (TNBC) 
cells to non-cancerous cells on various ECM stiffness. Our 
results show that TNBC exhibit a decreased fraction of bound 
NADH, (indicative of glycolysis,) with increasing substrate 
stiffness. All other cell lines showed little to no change in 
fraction bound NADH on the varying collagen densities. 
Dysregulation of mitochondrial motion may contribute to the 
fueling of bioenergy demands in metastatic cancer. To 
measure mitochondria motion and analyze their fusion and 
fission events, we developed a new algorithm called 
“mitometer” that is unbiased and allows for automated 
segmentation and tracking of mitochondria in live cell 2D and 
3D time-lapse images. Mitometer shows that mitochondria of 
triple-negative breast cancer cells are faster, more directional, 
and more elongated than those in their receptor-positive 
counterparts. Furthermore, Mitometer shows that 
mitochondrial motility and morphology in breast cancer, but 
not in normal breast epithelia, correlate with fractions of the 
reduced form of NADH, in its bound form, and features such 
as speed and displacement, compared to the negative 
relationships with features such as directionality and 
branching in both TNBC and ER/PR+ mitochondria, but not in 
normal breast epithelial mitochondria. Together, the 
automated segmentation and tracking algorithms and the 
innate user interface make Mitometer a broadly accessible 
tool. 
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All-optical stimulation and recording of neural activity could 
characterize brain function over large areas, but requires 
compatible optogenetic actuators and reporters, and optical 
systems for stimulation and optically sectioned imaging in 
turbid tissue. To stimulate and record activity from thousands 
of neurons with one photon (1P), we paired a blue shifted 
channelrhodopsin (eTsChR) with a red-shifted calcium 
indicator (H2B-jRGECO1a). To image cellular-resolution 
activity in large areas (4.6 mm FOV) of acute brain slices, we 
used a digital micromirror device (DMD) to illuminate 
neighboring sample locations with orthogonal functions of 
time based on Hadamard codes and rejected uncorrelated 
background. To record high-speed neuronal activity (500 Hz), 
we designed a compressed sensing strategy for Hadamard 
microscopy, obtaining one optical section every two camera 
frames. We made functional maps showing that these 
optogenetic and optical tools provide a powerful capability for 
wide-area interrogation of neuronal excitability and functional 
connectivity in acute brain slices. 
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As there is only one or two copies of chromosomes in most 
cells, genome dynamics and processing are intrinsically 
single-molecule events. We recently developed a 
generalizable strategy, termed very fast (vf)CRISPR, that 
uses caged guide (cg)RNAs for synchronous, light-activated 
cleavage of genomic DNA on the seconds time scale. 
Imaging-guided vfCRISPR further controls CRISPR activation 
at the subnuclear level, down to the single-allele resolution, 
enabling new types of mechanistic studies of DNA repair and 
genome editing processes.  
We also developed GOLD FISH (Genome Oligopaint via Local 
Denaturation for Fluorescence in-situ Hybridization), a 
technology to image selected genomic loci with ultralow 
background. GOLD FISH loads a superhelicase at a Cas9-
generated nick so that the unwinding of downstream DNA 
creates binding sites for FISH probes without global DNA 
denaturation or harsh treatments. GOLD FISH achieves at 
least tenfold reduction in background while better preserving 
chromosomal ultrastructure’s in cultured cells and human 
patient tissues. 
In this talk, I will discuss our efforts to further improve 
vfCRISPR and GOLD FISH. 
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Molecular clusters in cell membranes such as rafts, cell-matrix 
adhesions, and synapses are important for cellular signaling 
and establishment of cellular morphology. An interesting and 
challenging problem is to understand how these clusters 
arise. Lipid bilayer membranes that contain high and low 
melting lipids that undergo phase separation to form distinct 
membrane domains provide useful test systems.  Membranes 
composed of DLPC (12:0, Tm = -2o C) and DSPC (18:0, Tm= 
54o C) provide a good example.  Although FCS is a plausible 
approach to study these phase systems, uncertainties arise 
due to weak dependence of the diffusion coefficients of phase 
domains on their sizes and difficulty due to relatively modest 
differences in partition coefficients for phase-specific 
fluorescent lipid analogues. We have instead used inverse 
Fluorescence Correlation Spectroscopy (iFCS) [1]. In iFCS 
measurements high concentrations of small molecule 
indicator fluorophores provide a constant baseline 
fluorescence. As much sparser nonfluorescent dark particles 
diffuse into or out of the observation volume, they displace a 
fraction of the indicator molecules proportional to their size, 
and so generate measurable negative fluorescence 
fluctuations [2, 3].  As for FCS, the stochastic fluctuations are 
analyzed statistically, using a fluorescence fluctuation 
autocorrelation function, G(t), which provides the diffusion 
coefficient of the dark domains.  In contrast to FCS, G(0) in 
iFCS depends both on the size of the dark particles and on 
their average number in the observation volume. We have 
augmented iFCS with an analysis of moments of fluorescence 
fluctuations and used it to measure stages of phase 
separation. With the assistance of a numerical model for the 
phase separation [4] we have observed two different 
pathways for the growth of phase domains. In one, 
nanoscopic gel domains appeared first and then gradually 
grew to micrometer size. In the other, the domains reached 
micrometer size quickly, and their number gradually 
increased. 

 
1- Jiang, Y., et al., Investigation of Nanoscopic Phase Separations in Lipid 

Membranes Using Inverse FCS. Biophysical Journal, 2017.112(11): p. 

2367-2376. 2- Wennmalm, S., et al., Inverse-fluorescence correlation 

spectroscopy. Anal Chem, 2009. 81(22):p.9209-15. 3- Wennmalm, S. and 

J. Widengren, Inverse-fluorescence cross-correlation spectroscopy. Anal 
Chem, 2010. 82(13): p.5646-51.4- Frolov, V.A., et al. "Entropic traps" in the 

kinetics of phase separation in multicomponent membranes stabilize 

nanodomains. Biophys J, 2006.91(1): p.189-205.  
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Deep neural networks have been applied to improving the 
image quality of fluorescence microscopy imaging. Previous 
methods are based on convolutional neural networks (CNNs) 
which require time consuming training of separate models for 
each new imaging experiment. Once the algorithm is 
sufficiently trained (typically tens to hundreds of image pairs) 
it can then be used to denoise new low SNR test images that 
are just like the training data. In this study, we proposed a 
novel transformer-based model, Convolutional Neural 
Network Transformer (CNNT), to outperform the CNN 
networks for image denoising. In our scheme we have trained 
a single CNNT based “backbone model” from pairwise SNR 
images from many types of fluorescence microscopes 
(widefield, confocal, super-resolution, two-photon, etc.). Fast 
adaption to new applications was achieved by fine-tuning the 
backbone on only 5-10 images per new application. Results 
show the fine-tuning scheme significantly reduces the training 
time and improves the image quality, compared to training 
separate models using CNN approaches such as CARE [1] 
and RCAN [2] for our examples. Here we show specific 
examples of the efficacy of this approach on denoising wide-
field and iSIM fluorescence data compared to other CNN 
based denoising deep learning models and on a large 4D 
confocal tile experiment. In the tile experiment the fine-tuned 
CNNT model improves a fast eight minutes long scan, 
outperforming a comparable one hour scan. 
[1] Weigert et al. Nat. Methods, 2018, 15: 1090–1097. 
[2] Chen et al., Nat. Methods, 2021,6:678-687. 
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Fluorescence lifetime imaging microscopy is an important 
technique that adds another dimension to intensity and color 
acquired by a conventional microscopy. Also nowadays, 
single molecule localization microscopy (SMLM) techniques 
have become one of the most successful and widely applied 
methods of super-resolution fluorescence microscopy. At the 
moment, the only super-resolution technique that is capable 
of recording super-resolved images with lifetime information is 
stimulated emission depletion microscopy. In contrast, all 
SMLM techniques which utilize wide-field cameras completely 
lack the lifetime dimension. Here we demonstrate a 
combination of fluorescence-lifetime confocal laser-scanning 
microscopy (CLSM) with SMLM for realizing single-molecule 
localization-based fluorescence-lifetime super-resolution 
imaging, which can be used for multiplexing on samples with 
different labels that differ only by fluorescence lifetime but not 
by their spectral properties. The technique is straightforward 
to be implemented on a commercial confocal scanning 
microscope setup with TCSPC capability and fast laser 
scanning unit. The method combines all the advantages of 
CLSM with those of SMLM: axial sectioning, shot-noise limited 
single-photon detection, pixel-free continuous position data, 
and fluorescence lifetime information acquired by CLSM with 
the exceptional spatial resolution and single-molecule 
identification of SMLM, moreover, method is conceptually free 
of chromatic aberrations. Additionally, we combine the 
extreme axial resolution of metal-induced energy transfer 
(MIET) imaging with the extraordinary lateral resolution of 
single-molecule localization microscopy utilizing confocal 
setup. This combination allows us to achieve isotropic three-
dimensional super-resolution imaging of sub-cellular 
structures.  
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Bacterial biofilms are multicellular communities where 
bacteria produce an extracellular matrix mainly consisting of 
proteins and polysaccharides. These biofilms not only confer 
resistance against external stresses (e.g. antibiotics), but their 
physical and chemical properties can also adapt to 
environmental conditions (e.g. temperature, humidity, etc.). 
Gaining insight on how such cues affect the molecular 
structure of biofilms would greatly benefit to the emerging field 
of engineered living materials. Therefore, we studied the 
physical-chemical properties of curli amyloid fibers of biofilms 
grown on substrates with different water contents. For this, we 
purified the matrix from biofilms formed by E. coli producing 
only curli amyloid fibers. Electronic microscopy, FT-IR and 
fluorescence spectroscopy were used to characterize the 
conformation and physical-chemical properties of these fibers 
as a function of the biofilm growth conditions. Results show 
that varying the water content of the substrate leads to 
differences in the yield of curli fibers purified from the biofilms 
and to differences in the packing of these fibers. Moreover, 
the hydrophobic character and chemical stability of the fibers 
varied with the water content substrate on which they were 
assembled. Fibers from biofilms grown at lower water content 
substrate presented a higher hydrophobicity and chemical 
stability than those from biofilms grown at higher water content 
substrate. Such fundamental knowledge on the biophysical 
features of amyloid fibrils sheds light on the influence of water 
on biofilm behaviour and how the molecular structure of 
biofilm matrix defines biofilm macroscopic properties. 
Ultimately, a deeper understanding of the biophysics of biofilm 
matrix will encourage considering biofilms as potential bio-
sourced materials.  

  

Macarena Siri 

 
macarena.siri@mpikg.mpg.de 



 

58 

The predicted coiled-coil motif of 

intrinsically disordered mitochondrial 

Fission Factor (Mff) functions as a lipid-

sensing amphipathic helix  

 
Ashutosh Prince and Rajesh Ramachandran 
 
Department of Physiology and Biophysics, School of Medicine, 
Case Western Reserve University, Cleveland, OH, USA 

 

Mitochondria form dynamic networks remodeled continuously 
by the opposing forces of fission and fusion. Perturbation of 
mitochondrial dynamics results in various human diseases 
including neurodegeneration and cancer. Mitochondrial 
fission factor (Mff), a tail-anchored intrinsically disordered 
protein (IDP) of the mitochondrial outer membrane (MOM), 
functions as a major receptor for dynamin-related protein 1 
(Drp1), a self-assembling cytosolic GTPase recruited to 
mitochondrial division sites to mechanoenzymatically constrict 
and divide the double membrane-bound organelle. How Mff 
couples Drp1 self-assembly to local membrane remodeling 
essential for fission is unknown. Mff contains a predicted 
coiled-coil (CC) motif implicated in higher-order 
oligomerization, but its function remains unclear. Here, using 
multiple, independent biophysical approaches including 
fluorescence spectroscopy, light scattering, zeta and dipole 
potential measurements, as well as fluorescence imaging on 
biomimetic giant unilamellar vesicles (GUVs), we show that 
the CC motif functions primarily as a lipid-sensing amphipathic 
helix that inserts into target membranes to potentiate local 
membrane remodeling. The Mff CC motif selectively binds 
negatively charged conical lipids, cardiolipin (CL) and 
phosphatidic acid (PA), which coordinately regulate Drp1 self-
assembly and GTPase activity. Further, in the absence of 
target lipids and Drp1, the Mff CC motif functions in an auto-
inhibitory capacity limiting Mff assembly to a strict monomer-
dimer equilibrium, thus restricting premature higher-order Mff 
self-assembly. Deletion of the CC motif prevents both target 
lipid interactions and Mff self-assembly. Based on the 
collective data, we propose that the lipid-sensing Mff CC motif 
enables the coincidence detection of target lipids by Drp1, as 
well as alleviates Mff auto-inhibition to permit cooperative 
Drp1-Mff co-assembly toward mitochondrial membrane 
fission. 
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The cellular environment is very crowded, and yet somehow, 
biological proteins efficiently navigate this framework to arrive 
at specific binding targets. Several proteins self-associate into 
homo or hetero oligomeric species, and the change in 
hydrodynamic radius associated with these events is thought 
to refine the cellular space accessible for protein diffusion, as 
well as ligand binding affinity. To what extent protein 
oligomerization facilitates arrival at a specific target site is not 
entirely understood due to a lack of methods to dissect 
intracellular protein mobility as a function of homo versus 
hetero complex formation. To directly track this process in a 
living cell, here we present brightness cross correlation 
spectroscopy that is a new method for fluctuation analysis, 
which can extract protein mobility as a function stoichiometry 
throughout live cell confocal microscopy data [1]. From 
correlation of brightness fluctuations originating from one or 
two fluorescently tagged proteins within a single or dual 
channel frame acquisition, this approach has the capacity to 
extract and spatially map protein mobility as a function of 
homo and hetero oligomeric state with respect to intracellular 
architecture. Application of this technology to the signal 
transducer and activation of transcription (STAT) family of 
transcription factors reveals homo and hetero oligomer 
formation to differentially regulate chromatin accessibility and 
interaction with the DNA template, upon activation of distinct 
signaling pathways. Importantly, this mechanistic detail is only 
visible because of the unique capacity of brightness cross 
correlation spectroscopy to analyze fluorescent protein 
dynamics as a function of oligomeric state. 
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The nanometer spacing between nucleosomes, which are 
folded together throughout live cell chromatin organization, 
regulates DNA binding interaction and navigation of the 
nuclear landscape. This nanoscale feature of chromatin 
structure is however ‘invisible’ to diffraction limited light 
microscopy. Thus, direct observation of the regulatory impact 
nucleosome proximity has on live cell DNA binding protein 
dynamics has to date been a difficult task. In recent work we 
established the phasor approach to histone FLIM-FRET 
microscopy as a method to spatially map nucleosome spacing 
in a living cell (J Lou et al., 2019 and L Zhen et al., 2020), and 
here we couple this super-resolved readout of chromatin 
structure, with a single particle tracking (SPT) analysis of 
nuclear protein DNA target search behavior (AJ McCann and 
J Lou et al., NAR, 2021). Collectively, this multiplexed 
microscopy approach provides direct insight into the 
reciprocal interplay between chromatin nanoscale 
architecture and nuclear protein DNA binding dynamics. 
 
1- Lou J, Scipioni L, Wright BK, Bartolec TJ, Zhang J, Masamsetti 
VP, Gaus K, Gratton E, Cesare AJ and Hinde E. 2019. 
PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCE. 

116(15): 7323. 2- Liang Z, Lou J, Scipioni L, Gratton E and Hinde E. 
2020. DATA IN BRIEF. 30(105401). 3- McCann A*, Lou J*, 
Moustaqil M, Blum A, Fontaine F, Liu H, Koopman P, Sierecki E, 
Gambin Y, Meunier FA, Liu Z, Hinde E and Francois M. 2021, 

Nucleic Acids Research. gkab820 * Co-first authors. 
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We have applied fluorescence lifetime correlation 
spectroscopy (FLCS), which compared to conventional 
fluorescence cross-correlation spectroscopy (FCCS) has the 
added value of measuring fluorescence in the ps to ns range, 
allowing discrimination of fluorescence correlations from 
different species with similar spectral properties based on 
their different fluorescence lifetimes. We introduce FLCS 
(termed Lifetime-based Virometry) applied to labelled HIV-1 
particles. HIV-1 is an enveloped virus that carries trimeric 
glycoproteins (Env) responsible of the binding to the host 
receptors and are the main target of neutralizing antibodies. 
The incorporation and maturation of Env into newly formed 
virions and their dynamic behaviour dictate the success of the 
fusion of the viral membrane with the host and ultimately the 
establishment of infection. It is therefore crucial to 
characterize the dynamic and structural aspects of Env to 
predict the infectivity of a viral population.  
Our approach allows analysis of two and three-color cross-
correlation of fluorescently labelled virions and antibodies 
providing information about Env accessibility and affinity of 
neutralizing antibodies without the need of spectral bleed-
through calibration. Also, incorporation of different fluorescent 
proteins to the HIV-1 nucleocapsid (Gag-mCherry) and the 
Env glycoprotein (HXB2-4.1-GFPopt) allowed measurements 
of cross-correlation and brightness, providing information 
about Env incorporation into particles. In this study, we have 
also incorporated a FRET biosensor based on GFP and FAST 
(small scaffold protein (14 KDa) with various fluorogenic 
ligands) to Gag to detect their maturation status. Accessibility 
of antibodies to Env is also related to Env distribution (which 
differs in mature vs immature viral particles) and 
conformational dynamics (open and close), so multiple 
aspects of Env functional dynamics can also be deducted. 
This study highlights the power of Lifetime-based Virometry to 
characterize different important aspects of a viral sample as 
well as viral protein dynamics and functionality, not only for 
HIV-1, but potentially to any virus.   
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Membrane wetting by biomolecular condensates recently 
emerged as a key phenomenon in cell biology, involved in a 
great diversity of processes across different organisms. 
However, an understanding of the molecular mechanism 
behind this process is still missing. Here we exploit the 
properties of the nano-environmental sensors ACDAN and 
LAURDAN using hyperspectral imaging and FLIM combined 
with the phasor analysis approach, to extract information on 
the phase separation process and the membrane wetting by 
condensates. The results reveal that glycinin condensates 
display differences in hydrophobicity when changing the 
salinity of the medium, as a consequence of rearrangements 
in the secondary structure of the protein. When analyzing 
membrane interaction with biomolecular condensates, the 
increased wetting correlates with an increase in lipid packing 
and a decrease of water dipolar relaxation, for both a protein 
and a polymer system, strongly suggesting that this might be 
a general mechanism for membrane wetting by condensates. 
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The phasor plots are a powerful tool for analyzing and 
understanding hyperspectral imaging (HSI) data. Its power 
relies on simple rules and a model-free approach, which are 
fundamental to handle autofluorescence signatures from 
tissue. The HSI is helpful in studying cells and tissues' 
autofluorescence as a sensor of cell metabolism in vivo 
experiments and also through its value as metabolic 
fingerprints. The analysis of  HSI through the phasor plots 
enables us to obtain a polar graphical representation of the 
Fourier Transform. The reciprocity principle of the phasor 
analysis relies on the Duality of the Fourier Transform. It 
connects both the image and the phasor plot. Using this 
property, we can identify regions of interest from the 
autofluorescence fingerprints in the fixed sample. Cutaneous 
melanoma is a malignant and aggressive tumor that can arise 
mainly on the skin, eyes and central nervous system. Its 
lethality is significant in advanced stages, causing 
approximately 100 deaths yearly in Uruguay. Using the HSI-
phasor approach on paraffin-fixed histological sections 
without staining, we compared the autofluorescence 
fingerprints of skin in the nevus against melanomas. We 
developed a series of codes, algorithms, and protocols to 
carry out this study. They include image filtering and image 
stitching in order to reduce the acquisition time and rebuild the 
tile image. This work was needed to handle immense HSI 
images (100 million spectrums) obtained in a commercial 
confocal microscope with spectral detection and ultraviolet 
illumination (UV, 405nm). The results obtained show that this 
tool can identify both qualitatively and quantitatively the 
presence of autofluorescence fingerprints in histological 
sections, allowing the segmentation of regions with different 
melanocytes when comparing nevus versus melanomas. The 
HSI-phasor approach for autofluorescence in paraffin 
histological sections is simple, robust and will enable us to 
support conventional pathological anatomy in diagnosing 
melanoma. 
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The primary cilium is a particular organelle that protrudes from 
the cell surface as an antenna, allowing the reception of varied 
signals and the transduction into different cell responses. 
In spite of the ciliary membrane and the ciliary compartment 
being continuous with the plasma membrane and the cytosol 
respectively, the cilium has a particular protein and lipid 
composition. The transition zone (TZ), a protein complex at 
the ciliary base, acts as a selective gate for soluble and 
membrane proteins, and there are evidences of its 
participation in regulating the lipid composition of the ciliary 
membrane. Our hypothesis is that biophysical characteristics 
of the cilium, the fluidity of its membrane or the molecular 
crowding of its soluble compartment, are different in the TZ 
compared with the rest of the cilium, and that these properties 
are important in regulating the movement of proteins into the 
organelle.  
In order to address this hypothesis we are working with 
fluorescent probes that change their emission spectra or their 
lifetime according to the environment where they are located: 
LAURDAN, for studying membranes, and ACDAN for soluble 
compartments. Using cells that express tagged proteins for 
cilia and TZ identification, we obtained hyper spectral images 
that were analyzed using phasor plots. We observed that the 
membrane at the TZ is less fluid than the membrane of the 
ciliary body, probably contributing to the diffusion barrier at 
this region. With the same cells we are now studying the 
molecular crowding at the TZ and the rest of the cilium. Finally, 
we plan to assess the relationship among TZ functionality, 
membrane fluidity and molecular crowding, using mouse 
embryonic fibroblasts from TZ knockout mice. We think that 
this work will contribute to the understanding of the 
mechanisms used for the selective transport of proteins to the 
cilium. 
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Flaviviruses are major human disease-causing pathogens, 
including dengue virus (DENV), Zika virus, yellow fever virus 
and others. DENV infects hundreds of millions of people per 
year around the world, especially in tropical and subtropical 
countries like Perú or Vietnam, causing a tremendous social 
and economic burden. Indeed, during 2019 in parallel with the 
Sars-Cov-2 pandemy, Argentina and Brazil were also affected 
by a dengue epidemic with a high increase in the number of 
cases. DENV capsid (C) protein plays an essential role during 
genome encapsidation and viral particle formation. It has been 
previously shown that DENV C enters the nucleus in infected 
cells. However,whether DENV-C protein exhibits nuclear 
export remains unclear. By spatially cross-correlating different 
regions of the cell, we investigated DENV C movement across 
the nuclear envelope during the infection cycle. We observed 
that transport takes place in both directions and with similar 
translocation times (in the ms time scale) suggesting a 
bidirectional movement of both C protein import and export. 
Furthermore, from the pair cross-correlation functions in 
cytoplasmic or nuclear regions we found two populations of 
DENV-C molecules in each compartment with fast and slow 
mobilities. While in the cytoplasm the correlation times were 
in the 2–6 and 40–110 ms range for the fast and slow mobility 
populations respectively, in the cell nucleus they were in the 
1–10 and 25–140 ms range, respectively. These studies 
provide the first evidence of DENV-C shuttling from and to the 
nucleus in infected cells, opening new venues for antiviral 
interventions. 
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Fluorescence microscopy can provide great amounts of 
valuable information about the cell interior dynamics. 
Particularly, mean squared displacement (MSD) analysis is 
widely used to characterize proteins and sub-cellular 
structures&#39; mobility providing the law of diffusion. The 
MSD curve is traditionally extracted from individual 
trajectories recorded by single particle tracking techniques. 
More recently, image correlation methods like iMSD have 
been shown capable of providing averaged dynamic 
information directly from images, without the need for 
localization. Here we show the analysis of the same datasets 
by the two methods. Regardless of the experimental 
differences in the input data for MSD or iMSD analysis, our 
results show that the two approaches can address equivalent 
questions, opening new opportunities for studying intra-
cellular dynamics using equipment traditionally available in a 
biophysics laboratory. 
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Several factors govern the improvement in the mechanical, 
thermal, and conductive properties, etc., when a nanoscale 
filler is incorporated into a polymer matrix. These factors 
include the concentration, size of the filling, and distribution of 
the nanoparticles. A commonly used technique with spatial 
resolution used to study nanoparticles dispersion is 
transmission electron microscopy (TEM). TEM images show 
in great detail the structure of nanoparticles but the examined 
area is very small, therefore the use of this technique to 
assess distribution of nanoparticles in a polymer will require 
several micrographs in order to achieve good statistics 
representative for the material. In the particular case of 
hydrogels, the use of TEM has some limitations, since their 
hydrophilicity and softness affect the sample preparation. In 
this research, we studied the distribution of nanoparticles 
through fluorescence confocal microscopy and correlate this 
property with the viscoelastic properties of the nanocomposite 
hydrogels [1, 2, 3]. To this end, we investigated the effects 
that fluorescein labelled nanofillers coated with Pluronics (L35 
and F68) of variable molar mass have on the properties of 
physical hydrogels made from poly(2-hydroxyethyl 
methacrylate) (PHEMA). It was observed that the stabilization 
of nanoparticles with both Pluronic L35 and F68 produced a 
more homogeneous distribution of the nanoparticles, which 
was evaluated quantitatively determining the free-space 
length. As a consequence, the nanocomposite hydrogels 
exhibited interesting rheological properties. It was found that 
coating the nanoparticles produced an increase in the 
softness of the material, i.e. less rigidity and favoured shear 
thinning. This effect was more pronounced in the hydrogels 
stabilized with Pluronic F68, which was attributed to its larger 
molar mass and favoured slipping of polymer chains because 
of unfavourable wetting with stabilizer coating.  
1. L. Belmar, et al. Mat. Today Comm., 16 (2018) 285-292. 
2. L. Toledo, D. et al. J. of Materials Science, 55 (2020) 8968-
8982. 
3. L. Toledo, et al. J. of Colloid and Interface Science, 578 
(2020) 749-757.  
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Pluripotent stem cells (PSCs) are a promise for regenerative 
medicine and disease modeling due to their capabilities to 
self-renew indefinitely and differentiate into all somatic cell 
types. The cell cycle plays a central role on pluripotency 
maintenance and cell fate decisions. Relevantly, the cell cycle 
of PSCs presents unique properties since it is faster than that 
of somatic cells and has a very short G1 phase. This phase 
was suggested as the “window of opportunity” when PSCs can 
switch its gene expression program to differentiation.  
Pluripotency is controlled by a large regulatory network 
directed by the transcription factors (TFs) OCT4, SOX2 and 
NANOG which induce genes that promote pluripotency and 
repress those involved in differentiation. The dynamical 
distribution of TFs defines their interactions with chromatin 
targets and modulate gene expression.  
In this context, we asked whether the nuclear organization of 
the pluripotency TFs changes during the cell cycle. We 
hypothesized that the S phase could be a window of 
opportunity to execute changes that impact in the chromatin 
landscape and in the dynamical distribution of the TFs. We 
used quantitative advanced microscopy methods to explore 
the dynamical organization of the pluripotency TFs in 
embryonic stem cell (ESC) lines expressing OCT4, SOX2 or 
NANOG fused to fluorescent proteins and identified cells in 
G1/G2 or S phases through the distribution of PCNA-RFP. We 
found that TFs distribution and dynamics change during DNA 
replication of undifferentiated ESCs. Moreover, differentiation 
cues trigger the dissolution of OCT4 and SOX2 foci in early S 
phase and favor their interactions with chromatin, contrary to 
NANOG that detaches from chromatin. Our results show 
pluripotency TFs-chromatin landscape of interactions is highly 
dynamic during the cell cycle providing new insights into the 
fine tune regulation of pluripotency maintenance and cell fate 
transitions.  

Camila Oses 

 
camilaoses94@gmail.com 



 

70 

p-MINFLUX to overcome the sub-10 

resolution limit in fluorescence nanoscopy 

 
Choque Florencia D., López Lucía F., Stefani Fernando D. 
 
Centro de Investigaciones en Química Biológica de Córdoba 

 

Fluorescence nanoscopy allows optical visualization with 
spatial resolution beyond the diffraction limit by exploiting the 
photochemical or photophysical control of fluorescent 
molecules. The main problem with existing methods is that 
they are limited by the total number of fluorescence photons 
that a molecule can deliver before becoming non-fluorescent. 
Herein lies the main strength of MINFLUX fluorescence 
nanoscopy, which from a minimum number of photons allows 
reaching the highest level of spatial resolution physically 
possible for a fluorescence technique, 1 nm (the molecular 
size of the markers). MINFLUX made it possible to observe 
topological association domains that regulate DNA 
transcription with fluorescence nanoscopy. p-MINFLUX is a 
new implementation of MINFLUX 2D with an experimental 
setup that in addition to showing good performance, has the 
advantage of being simpler than the original as it uses pulsed 
lasers allowing to reach the maximum acquisition speed, 
especially useful for ultrafast tracking of nanoparticles. 
Recently, the original MINFLUX configuration was extended 
to 3D, obtaining nanometer resolution in all three dimensions, 
at the cost of very high instrumental complexity. With a view 
to develop p-MINFLUX in 3D, to overcome the 10 nm barrier 
also in the axial axis and in order to observe the 
supramolecular organization of structural proteins, preliminary 
results of the performance of p-MINFLUX in 2D are presented. 
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Liquid-liquid phase separation (LLPS) and liquid-to-solid 
transitions of biomolecules leading to the formation of 
assemblies with distinct material properties has emerged as a 
new paradigm underlying subcellular organization and 
disease biogenesis. As such, new methods are required to 
better understand the complexity of biomolecules 
coacervation. In recent years the use of spectral phasor 
analysis (SP) has proven valuable to interpret biological 
phenomena taking place in cells or in biomimetic systems, 
even without the need of pre-existing models.  
Fluorescent environmental sensitive probes have been used 
to study a variety of protein phase transition phenomena. 1-
Anilinonaphthalene-8-Sulfonic Acid (1,8-ANS) has been 
widely used to sense partially folded intermediates, 
hydrophobic patches and aggregation due to its hyperchromic 
blue-shifted fluorescence when placed in nonpolar 
surroundings. The hydrophilic 6-acetyl-2-
dimethylaminonaphthalene (ACDAN) probe partitions into 
aqueous environments allowing the examination of water 
dipolar relaxation in complex environments, like cells or 
biomolecular condensates.  
Within this context, we employed ACDAN to get insights into 
protein condensates and phase transitions of the 
neurodegenerative disease related protein -synuclein and 
Tau. In parallel experiments, 1,8-ANS was used as a 
reference dye. After proving the partition of ACDAN to the 
protein condensates by fluorescence microscopy, we applied 
SP of emission fluorescence spectra to obtain information on 
the material properties of the assemblies. We found that 
ACDAN can be efficiently used to track the phase transitions 
of the protein from a liquid-like state to the solid well-organized 
amyloid fibrils. 
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The prion protein (PrP) is associated with rare and mysterious 
diseases known as transmissible spongiform 
encephalopathies (TSEs). Conversion of the cellular PrP 
(PrPc) to scrapie PrP (PrPSc) and subsequent aggregation is 
the causative of these disorders, but the precise mechanism 
remains unknown. Recent work has shown that the 
aggregation process involves preliminary phase separation 
(PS) events. Therefore, the modulation of these events is 
essential to increase or inhibit protein aggregation. Heparin 
was previously shown to induce PrPC transient aggregation 
in a pH-dependent manner. PrP:heparin complex was 
resistant to RNA-induced conversion and PrPSc-seeded 
conversion. This work aimed to understand if the observed 
effect for heparin is associated with the PS process. We also 
evaluated the effect of temperature and pH, on heparin 
induced PS.  Microscope techniques are valuable tools for 
gaining information in this field. The first step was the 
preparation of recombinant full-length mouse rPrP23-231 and 
truncated rPrP90-231 to evaluate the importance of the PrP 
N-terminal domain. After, we evaluated PS of different PrP 
concentrations in the presence of heparin using Differential 
Interference Contrast (DIC), Fluorescence recovery after 
photobleaching (FRAP), and fluorescence microscopy. We 
observed that both the rPrP23-231 and rPrP90-231 phase 
separates in the presence of heparin at room temperature. 
Larger droplets were observed at higher PrP concentrations. 
When the interaction took place at pH 5.5, a more significant 
number of droplets could be observed compared to pH 7.4. 
FRAP experiments showed that these droplets are very 
dynamic, and we also observed droplet fusion, dripping and 
surface-wetting events, corroborating its liquid-liquid PS 
nature. Fluorescence confocal microscopy confirmed 
colocalization of PrP and heparin in the droplet. 
Understanding the precursor states of PrP misfolding 
pathways and the characterization of modulators of this 
process provides essential information for testing the efficacy 
of treatments that aim to stabilize the native form of PrP.  
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Fluorescence microscopy is often the choice for in vivo observation 
of multicellular aggregates such as tissue and organs. Confocal 
microscopy and high-throughput techniques such as spinning disk 

or light sheet take it further with increased image size and resolution 
that enable observation of dynamic events and processes in entire 
organisms. To cope with the large data volumes acquired, image 
processing tools are essential to allow quantitative support for 
experiments among different scenarios and applications. We have 

focused on detecting and measuring adjacent cellular membranes 
and related properties of shape and organization in organs from live 
brain imaging of developing fish embryos. This becomes a 
challenging task due to the combination of membrane thinness, fast 

motion events, and the intrinsic variability within the fluorescent 
signals and membrane shapes, that so far have precluded 
automated approaches for image segmentation. 
We have developed and published algorithms for detecting and 
quantifying 2D and 3D adjacent cell membranes and adjusting 

membrane sections with parametric active contour models and 
distance thresholds. Our approach, called ALPACA (ALgorithm for 
Piecewise Adjacent Contour Adjustment), combines optimization 
terms from the image, and deformable contour models that define 

physical and geometrical properties of shared and non-shared 
membrane sections. Parametric active contours are polygons 
extracted from an initial, rough boundary segmentation, from which 
they are iteratively deformed in search for an optimized, adjusted 
shape. Adjusted contours have shared boundary sections that avoid 

overlapping, as well as distancing of adjacent cells. We applied and 
measured ALPACA upon 2D synthetic images and spinning disk 
time-lapse image stacks of zebrafish embryos with fluorescent cell 
membranes of the pineal complex, with manual segmentations from 

researchers in developmental biology. We currently address the 
challenges of adjusting junction points of multiple cells, incorporating 
user knowledge for low contrast images, and integrating ALPACA 
with 3D active surface models.  

Jorge Jara-Wilde 

 
jjaraw@gmail.com 



 

74 

Light sheet microscopy for long persistent 

luminescent nanoparticles as cancer cells 

biomarkers 

 
Bonifacio A. Can Uc.  

 
Centro de Nanociencias y Nanotecnología de la Universidad 
Nacional Autónoma de México 
 

The light sheet excitation and orthogonal detection in 
combination with the persistent luminescence nanoparticles 
based on Sr:Al2O3:Eu2+/Dy3+, allow to obtain images with 
high spatial resolution in 3D, a good optical cut capacity and 
minimal photobleaching. The luminescent material used was 
synthesized by urea-assisted combustion and then separated 
by means of an ultrasonic bath in order to obtain 
nanoparticles. The linear optical properties of these materials 
show excitation over a wide range of wavelengths (254-460 
nm), lifetimes in the seconds regime, and emission around a 
wavelength centered at 525 nm. The nanoparticles were 
incorporated and studied in 1.2% Agar and in some cancer 
cells. As a result, the images obtained by light sheet 
microscopy allow to discern the long persistent signal of the 
nanoparticles after the excitation time, as well as a substantial 
reduction of the noise coming from autofluorescent material. 
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Enteropathogenic E. coli (EPEC) is a microorganism member 
of the A/E family (Attaching and Effacing), which can cause 
deathly diarrhea in children under two years old. Most of the 
genes related to the pathogenesis of EPEC are codified on 
the Locus of Enterocyte Effacement (LEE). The regulation of 
the LEE includes but it is not limited to auto-regulation, in 
specific, by three proteins: Ler, GrlA and GrlR. 
Ler is considered the master regulator of the LEE. Depending 
on the culture conditions (e.g. media and oxygen 
disponibility), GrlA could activate the expression of the LEE by 
binding to the ler promoter. On the other hand, GrlR is a 
repressor which binds with GrlA avoiding the interaction 
between GrlA and the ler promoter. 
Although GrlA is expressed through all the growth stages of 
EPEC, the LEE is repressed once it reaches the stationary 
phase. This repression could be a consequence of the 
dynamic interaction between GrlA and GrlR although only a 
few in-vitro experiments have been done to prove it.  
Here, by the use of FRET and BiFC, it has been possible to 
track this dynamic interaction through different growth stages 
and media. According to our results, the GrlA-GrlR interaction 
occurs mainly on LB media, which is known to be a repression 
condition of the LEE. In contrast, under activation conditions 
with DMEM media, the interaction between the regulators is 
diminished. Interestingly in both media, the interaction 
increases once the stationary phase is reached. Our results 
suggest that GrlA-GrlR interaction plays an important role in 
the regulation of LEE island. 
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Primary cilia are evolutionary conserved organelles that act as 
cellular antennae and perform key signaling functions in 
proliferation, differentiation and cellular homeostasis. Thus, 
defects in these organelles result in a wide spectrum of human 
diseases, collectively termed ciliopathies. Bbs4 is one of more 
than 20 genes that cause the ciliopathy known as Bardet-Biedl 
Syndrome (BBS). Although it is a rare disease, one of the 
clinical symptoms of BBS is the development of obesity, which 
is a serious concern for public health worldwide. In BBS, 
obesity arises as a result of cilia-associated signaling defects 
in the central nervous system that lead to increased food 
intake, and also from defects in peripheral tissues. Our 
previous observations indicate that by signaling through the 
primary cilia, proteins BBS4 and FSTL1A play an important 
role in regulating adipocyte differentiation in vitro. In murine 
cells, Bbs4 depletion partially reduces cilia length and leads to 
increased adipogenesis, with both higher lipid accumulation 
and expression of differentiation markers. In turn, knockdown 
of Fstl1a at early stages of differentiation inhibits adipocyte 
maturation. In vivo experiments using zebrafish have shown 
that Fstl1a knockout leads to decreased fat accumulation and 
lower expression levels of genes associated with new 
adipocyte formation.  
To confirm and extend the results obtained in vitro, we aim to 
dissect the contribution of Bbs4 to this signaling pathway in 
vivo. We will analyze adipogenesis in Bbs4-KO fish through 
Nile Red staining of adipose depots, together with expression 
assessment of different molecular markers. We also plan to 
measure individual adipocyte size using Cell Mask labeling 
and confocal imaging. Finally, to gain insight into the 
differentiation process within the live tissue, we will use Nile 
Red spectral properties to analyze the relative accumulation 
of neutral lipids in individual cells labeled with 
fabp4a:EGFPcaax through hyperspectral imaging and phasor 
analysis. 

  

Iliana Sosa 

 
isosa@pasteur.edu.uy 



 

77 

Characterizing local translation and its 

machinery in myelinated axons with 

microscopy-based techniques 

 
Garat Joaquín1, Di Paolo Andrés2,3, Smircich Pablo1,4, Sotelo-

Silveira José1,5 
 
1- Departamento de Genómica, Instituto de Investigaciones 
Biológicas Clemente Estable, Ministerio de Educación y Cultura. 2- 
Plataforma de Microscopía Confocal y Epifluorescencia, Instituto de 

Investigaciones Biológicas Clemente Estable, Ministerio de 
Educación y Cultura. 3- Unidad de Bioimagenología Avanzada 
(UBA), Hospital de Clínicas UdelaR – Institut Pasteur Montevideo. 
4- Sección Genómica Funcional, Facultad de Ciencias, Universidad 

de la República. 5- Departamento de Biología Celular y Molecular, 
Sección Biología Celular, Facultad de Ciencias, Universidad de la 
Republica 
 

Although the existence of local protein synthesis in axons is 
now accepted, this process has not yet been fully 
characterized and most of the evidence comes mainly from 
cell cultures. We set out to contribute knowledge regarding the 
local synthesis process by studying the distribution of key 
translation related molecular components (mRNA, ribosomal 
proteins and nascent peptides) using state-of-the-art 
microscopy techniques. Hippocampal neuron cultures, 
peripheral nerve whole mount axoplasm and sciatic nerve 
cryo-sections from adult and neonatal rats were used. With 
smFISH, we analyzed the distribution of global mRNAs and 
specific mRNAs coding for ribosomal proteins at single 
molecule level, confirming their presence in axons in vitro and 
in vivo at different developmental stages. We also detected 
the neosynthesis of ribosomal proteins in the axon by Puro-
PLA assay, a proximity ligation assay between antibodies that 
recognize puromycin and the trunk peptide from the protein of 
interest. In line with this, we evidenced the colocalization of 
mRNA with ribosomal proteins in axoplasm, suggesting the 
association of ribosomes with axonal RNAs. Finally, in 
collaboration with the microscopy unit from IIBCE in Uruguay, 
we were able to set up and install a home-built stochastic 
super resolution microscope with resolution of at least 40nm 
(verified with DNA nanorulers), allowing us to detect ribosomal 
proteins with super resolution in mature myelinated axons 
using fluorogenic DNA-PAINT and (d)STORM based 
protocols. The microscopy unit plans to incorporate various 
improvements to the microscope that will allow us to carry out 
new experiments such as the analysis of the distribution of 
monosomes, polysomes and free ribosomal subunits in 
axons. In sum, we were able to visualize the main components 
of translation in axons and report the use of various innovative 
axon microscopy techniques that may be widely used in the 
future. 

Joaquín Garat 

 
joagarat@gmail.com 



 

78 

Live cell imaging of lipoperoxides with a 

GFP-based biosensor 

 
Oddone N.1, Bonilla M.1, Ferrer Sueta G.2, Malacrida L3, Comini 
M.1 
 

1- Laboratory Redox Biology of Trypanosomes, Institut Pasteur de 
Montevideo, Uruguay. 2- Laboratorio de Fisicoquímica Biológica, 
Instituto de Química Biológica, Facultad de Ciencias, Universidad 
de la República, Uruguay. 3- Advanced Bioimaging Unit, Institut 

Pasteur Montevideo and Universidad de la República-Uruguay 
 

Lipoperoxides (LOOH) are reactive oxygen species derived 
from the reaction of hydroxyl and peroxyl radicals with 
polyunsaturated fatty acids (PUFAs). Despite their 
demonstrated role in anti-inflammatory and pro-inflammatory 
cell signaling, an exacerbated LOOH production could lead to 
non-reversible damage to macromolecules and cell 
membranes. 
Currently, the methods available to quantify these species are 
destructive and endpoint.  
Here we addressed this issue by designing and characterizing 
a genetically encoded GFP-based biosensor suitable to detect 
and quantify LOOH on a dynamic fashion and spatial-
temporal resolution. 
The fluorescent reporter module shows a  ratiometric 
behaviour that allows to cancel out cell to cell variations on 
biosensor expression and other interferences.  
The recombinant biosensor functionality and specificity 
towards LOOH (e.g: from arachidonic acid, cumene, among 
others), were verified by means of conventional and stopped-
flow kinetic assays. On the other hand, the LOOH biosensor 
was stably and transiently expressed on Leishmania 
tarentolae and human hepatocytes, respectively. Live-cell 
imaging experiments using laser confocal microscopy on 
these cells, confirmed the specificity, sensibility, and 
reversibility of the biosensor towards physiological LOOH and 
concentrations thereof. 
Accordingly, this novel biosensor harbours a great potential 
for the non-invasive and in-situ study of LOOH metabolism on 
different pathophysiological cellular models by fluorescent 
microscopy. 
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In the last years, many fluorescence-based techniques have 
been developed to study molecular dynamics. Among others, 
fluorescence correlation methods are a family of microscopy 
approaches that provide information about the dynamics of 
fluorescently labeled molecules from the intensity fluctuations 
encoded in the emitted signal. By correlating the signal at 
every pair of pixels, the two-dimensional pair Correlation 
Function (2D-pCF) determines the time for a particle to 
transport from one location to another, allowing to create a 
visual map of the molecular preferential flow paths. Here we 
extend the 2D-pCF concept to study the degree of interaction 
between proteins and the cell membrane. With this end, we 
performed numerical simulations and confocal experiments 
using a Gap-GFP fusion construct known to interact with the 
plasmatic membrane. Finally, we applied the proposed 
method to dengue and Zika capsid proteins (C-DENV and C-
ZIKV). C-proteins recruit the viral RNA while interacting with 
the endoplasmic reticulum (ER) membrane; however, little is 
known about the role of these interactions. Here, we quantified 
the degree of C – ER interaction using cells transfected with 
DENV and ZIKV. We found that C-DENV interacts with ER 
stronger that C-ZIKV suggesting a new model in which capsid-
RNA complexes differentially bind to the ER membrane, All 
together our results contribute to the understanding of the viral 
infection cycle opening new avenues for antiviral intervention. 
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Toxoplasmosis is a disease of worldwide distribution, causing 
high morbidity and mortality in the human population and a 
high impact on the productive sector, with Toxoplasma gondii, 
its causal agent, being the main abortigenic agent in sheep in 
Uruguay. T. gondii has a complex life cycle, with asexual and 
sexual phases. During sexual differentiation, male and female 
gametes combine giving rise to zygotes that become 
encysted, being resistant to the environment for long periods 
of time. T. gondii is diploid only during zygote formation, 
providing the parasite with a window of opportunity for genetic 
mixing; a key step in generating diversity. Despite its inherent 
epidemiological importance, basic aspects of T. gondii sexual 
differentiation are unknown; this is because it occurs only in 
the feline intestinal epithelium, and access to it is limited due 
to the ethical and technical complexities inherent in working 
with animal models. In this context, we study here the 
gametogenesis of T. gondii capitalizing on the unprecedented 
opportunity to generate these stages in 2D cell culture. We 
performed the enrichment of pre-sexual and sexual stages of 
T. gondii in different cell lines, where we monitored the 
increase in gene expression and subcellular localization of 
markers of these stages by qPCR and indirect 
immunofluorescence, respectively. This project will serve as a 
starting point for the rational design of strategies to prevent 
horizontal transmission of T. gondii and its genetic 
recombination in infected cats. 
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