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WELCOME

The MPZPM building is situated on the campus of the Uniklinikum and was inaugurated 
almost exactly one year ago in 2024. It provides an ideal location for interdisciplinary 
interactions between physicists and medical researchers, while being very close to the 
charming old town of Erlangen. We hope you will enjoy your stay with us during this week 
and consider coming back to Erlangen for a longer stay to benefit from, and contribute 
to, the mission of MPZPM.

Max-Planck-Zentrum für Physik und Medizin (MPZPM)
Kussmaulallee 2, 91054 Erlangen

Max Planck Institute for the Science of Light (MPL)
Staudtstr. 2, 91058 Erlangen

A wide range of life processes are mediated by the plasma membrane and, as such, not 
only play a central role in cell biology but also contribute to the development of therapeutics 
and personalized medicine. Quantitative investigations of these phenomena, however, 
still pose many challenges. The symposium will discuss recent advances in the precise 
and controlled administration of biological materials—such as viruses, vesicles, and 
pharmaceutical agents—to individual live cells, in a manner where the first moments of 
interaction between a cell and reagents located within the extracellular nanospace can 
be investigated, hence the introduction of the term “Near-field Cell Biology.” We believe 
better delivery techniques will usher in more efficient and quantitative measurements.

The symposium will be held at the newly established Max-Planck-Zentrum für Physik und 
Medizin (MPZPM), which is a joint research center between the Max Planck Institute for 
the Science of Light (MPL), Friedrich-Alexander-Universität Erlangen-Nürnberg, and its 
Uniklinikum. The aim of this unique initiative is to exploit concepts and methods from 
physics for advancing fundamental medical research.

Vahid Sandoghdar
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P 09:0 0 OPENING REMARKS

09:15
MARIA GARCIA-PARAJO 

Single molecule tools to address the spatiotemporal 
compartmentalization of the cell membrane

10:0 0 COFFEE BREAK

10:20
ÜNAL COSKUN

Direct regulation of receptor and cell signaling 
by lipid-protein interactions

11:05
REINHARD JAHN

Approaches towards resolving intermediate steps 
in membrane fusion

11:50
DAVID JUNCKER

Single Extracellular Vesicle and Single Cell Analysis by
Off-the-Shelf Microscopy and Affinity Proteomics

12:35 LUNCH BREAK

13:30 TOUR OF MPZPM

14:30
TOMASO ZAMBELLI

Combining FluidFM injection and extraction 
for cell-cell transplantation

15:15 PAOLO ACTIS
Nanoprobes for single-cell surgery

16:0 0 COFFEE BREAK

16:20
ANDRÉ NADLER

It’s time for lipid cell biology

17:05 CORNELIA HOLLER
MicroKiss: Localized, on-demand reagent delivery

to the live cell membrane

17:50 POSTER SESSION

18:30 DRINKS & DINNER
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08:30 LAB TOURS  & COFFEE

10:0 0
GERHARD SCHÜTZ

How T-cells probe antigen - 
a single molecule perspective 

10:4 5
GAVIN JEFFRIES

Targeting Single Cells with Open-Volume Microfluidics:
Strategies for Single‑Cell Delivery and Interrogation 

11:30
KEVIN WELSHER

Fast and precise 3D tracking of nanoparticles
in the near-cell environment 

12:15 GROUP PHOTO

12:30 LUNCH BREAK

13:30
GOVIND KAIGALA

Tissue cartometry: Using wall-free microfluidics to create and 
spatially study heterogenous biological systems

14:15
YOHEI YAMAUCHI

Influenza Virus Entry Revealed by 
live cell ViViD-AFM

15:0 0
LEONHARD MÖCKL

Multiplexed molecular-resolution microscopy of 
cell-surface glycan architecture

15:4 5 ROUND TABLE DISCUSSION & COFFEE

16:4 5 LAB TOURS

18:0 0 DINNER  
(INVITED GUESTS ONLY)

MPL MPL
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PROF. PAOLO ACTIS PROF. DR. ÜNAL COSKUN

School of Electronic and Electrical Engineering, University of Leeds, 
Leeds UK

Nanoprobes for single-cell surgery

Abstract:
Physiological and pathological processes within the human body 
are controlled by complex cell-cell interactions within the context of 
a dynamic microenvironment. The ability to dynamically measure 
phenotypes (i.e. gene expression, protein activities, ion fluctuations, 
signalling) at the single cell level is key to understanding cellular 
behaviour in a complex environment. I will be presenting the devel-
opment of nanoscale tools able to dissect the dynamic contributions 
of single cells to disease processes.
I will present the development of nanoprobes based on nanopipettes 
for manipulating living cells. I will present the quantitative delivery 
of DNA, globular proteins, and protein fibrils into cells with single molecule resolution and that delivery 
results in a phenotypic change in the cell that depends on the identity of the molecules introduced. Us-
ing experiments and computational modelling, we also show that macromolecular crowding in the cell 
increases the signal-to-noise ratio for the detection of translocation events, thus the cell itself enhances 
the detection of the molecules delivered.
I will also present a nanobiopsy platform that enables the injection of exogenous molecules and multi-
generational longitudinal cytoplasmic sampling from a single cell and its progeny. The technique was 
applied to longitudinally profile the transcriptome of single glioblastoma (GBM) brain tumour cells in vitro 
over 72 hours. The GBM cells were biopsied before and after exposure to chemotherapy and radiotherapy, 
and our results suggest that treatment either induces or selects for more transcriptionally stable cells.

References
1 Chau et al, Nature Communications, 2024 
2 Marcuccio et al, Science Advances, 2024

Bio: 
Paolo is an Associate Professor in Bionanotechnology at the University of Leeds and his research involves 
the development of nanoprobes for single-cell analysis and manipulation with single molecule resolution. 
After graduating in 2008 with a PhD from the Grenoble Institute of Technology (FR), Paolo spent 4 years 
in California working on my tan at NASA Ames (US) and UC Santa Cruz (US) before crossing the pond 
again to lose my tan at Imperial College London (UK). I then spent two years at Bio Nano Consulting as a 
Consultant & Project Manager before joining the University of Leeds in 2014 first as Lecturer and since 
2020 as Associate Professor.

Center of Membrane Biochemistry and Lipid Research, TU Dresden 
Carl Gustav Carus School of Medicine, Dresden, Germany

Direct regulation of receptor and cell signaling by lipid-protein 
interactions

Abstract:
Lipids and lipid-protein interactions are essential to cell signaling. 
While this seems obvious for receptors, most intracellular signaling 
proteins also depend on lipid interactions. However, lipids have not 
traditionally been considered part of the cell signaling canon. One 
reason for this oversight is that lipids are inherently difficult to study. 
We examine the interdependence of lipid-proteins interactions using 
an interdisciplinary approach that combines cell biology, synthetic 
biology, protein biochemistry, structural biology, and biophysics. 
This approach enables us to study lipid-protein interaction-based 
phenomena at various scales, ranging from organ and cellular systems to minimal synthetic systems. In 
the latter systems, we can control proteins and lipids to monitor the allosteric effects of specific lipids on 
fundamental receptors, such as the EGF receptor and the insulin receptor. At the symposium, I will present 
how lipids directly regulate selected receptor tyrosine kinases and some of their intracellular proteins.

Bio:
Ünal Coskun studied biology at the University of Osnabrück. He received his doctoral degree from the 
University of the Saarland in 2005. After his postdoctoral period from 2005 – 2012 at the Max Planck 
Institute of Molecular Cell Biology and Genetics in Dresden he became research group leader at the Paul 
Langerhans Institute Dresden of the Technische Universität Dresden. Since July 2021 he is full professor 
and director of the Center of Membrane Biochemistry and Lipid Research. Since 2021 Ünal Coskun is 
MPG Fellow to Max Planck Institute of Molecular Cell Biology and Genetics Dresden.

SPEAKERS Alphabetical order
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PROF. MARIA GARCIA-PARAJO DR. CORNELIA HOLLER

ICFO-Institute of Photonic Sciences & ICREA-Institució Catalana de 
Recerca i Estudis Avançats, Castelldefels (Barcelona), Spain

Single molecule tools to address the spatiotemporal compartmen-
talization of the cell membrane

Abstract:
Organization by compartmentalization is a general property of natural 
systems that efficiently facilitates and orchestrates biological events 
in space and time. In the last two decades, compartmentalization of 
the plasma membrane has emerged as a dominant feature present at 
different spatiotemporal scales and regulating key cell functions. A 
large amount of recent experimental data based on super-resolution 
microscopy and single molecule imaging have shown that the func-
tioning of many receptors in the plasma membrane is influenced by 
their dynamic interaction with the surrounding environment (i.e., the 
composition of the plasma membrane or the actin cytoskeleton). These type of studies have normally 
relied on the sub-labeling of the receptor of interest allowing its detection at the single molecule level using 
single particle tracking (SPT) together with full fluorescence labeling of the surrounding environment in 
order to assess the degree of interaction. While this approach provides exquisite data of the individual 
receptors, the information obtained on the receptor surroundings or other molecular interactions is av-
eraged out by the full labeling strategy used. As such monitoring individual multi-molecular interactions 
in living cells has remained challenging.
Here, I will discuss different single molecule-based fluorescent tools developed in our group to elucidate 
the dynamic compartmentalization of the cell membrane. These tools include photonic nano-antennas 
to address relevant processes at the near-field cell membrane with nanoscale spatial and microsecond 
temporal resolutions, to high-density SPT methods to map how individual molecules explore their nano- 
and meso-scale environment. Importantly, when implemented in a multi-color fashion, high-density SPT is 
able to capture real-time interactions of multi-molecular systems at the single-molecule level. As example, 
I will show the implementation of this approach to uncover the initial steps of viral capture by pathogen 
recognition receptors requiring the concatenated action of two other proteins on the cell membrane.

Bio: 
Maria Garcia-Parajo is an ICREA Research Professor at ICFO-Institute of Photonic Sciences, leading the 
Single Molecule Biophotonics group. Her research focuses on the development of advanced optical 
techniques to the study of biological processes at the single molecular level in living cells. She obtained 
her PhD in Physical Electronics in 1993 at Imperial College, UK.  Previous experience includes research 
at L2M-CNRS, Paris and U. Twente (NL). She has published more than 200 publications and delivered 
more than 250 talks upon invitation. She has received several prestigious awards, including the Young 
Academy Research award from the Royal Dutch Academy of Sciences (1998), National Prize in Biophysics 
(2017), Adv. ERC grant (2017) and Emmy Noether Laurate from the EPS (2020). Maria is actively involved 
in (inter)national actions to promote gender equity in Science.

Nano-Optics Division, Max Planck Institute for the Science of Light, 
Erlangen

MicroKiss: Localized, on-demand reagent delivery to the live cell 
membrane

Abstract:
Quantitative investigations of how cells respond to external agents, 
such as drugs, nanoparticles or viruses, greatly benefit from a precise 
control over when, where, and how much of a reagent interacts with 
the cell. Conventional delivery methods, such as the diffusion-driven 
exposure to reagents in the culture medium, lack the ability to target 
individual cells or subcellular regions and offer poor control of reagent 
dose and timing of the reagent-cell interaction. 
To address these limitations, we developed MicroKiss (µKiss), a 
micropipette-based technology that enables control over reagent 
administration at the single-cell level. µKiss implements hydrodynamic flow confinement between two 
microfluidic channels that allow us to confine and steer the flow of reagents in the open fluidic environ-
ment. From this confined flow envelope, a precisely dosed amount of reagent molecules can be deposited 
onto microscale target zones – down to the single-particle level – with dosing periods as short as several 
milliseconds, while providing gentle, physiological conditions.
Integrable on standard microscopy set-ups, μKiss is easy to operate and compatible with various bioma-
terials, ranging from small molecules and chemicals to larger (bio)nanoparticles such as nanoplastic or 
virus-like particles. In our recent publication, we applied μKiss to probe the lateral mobility of membrane 
components in both synthetic model membranes and living cells. By locally delivering membrane-per-
meable cytoskeletal-disrupting agents, we demonstrated spatially confined modulation of actin and 
microtubule structures and the technology’s potential to investigate intercellular forces occurring at cell 
junctions. Furthermore, we showcased the capability of μKiss to deposit individual particles onto the 
plasma membrane, enabling the future study of the dose-dependent virus infection process. In this talk, 
I will introduce μKiss and discuss its potential as a platform for precision cell manipulation.

Bio:
I studied Biology at the Friedrich-Alexander-Universitätä Erlangen-Nürnberg, earning my Master’s degree 
in 2018. I then joined the group of Prof. Vahid Sandoghdar at the Max Planck Institute for the Science 
of Light to pursue my PhD in biophysics. My early work focused on investigating protein dynamics and 
organization in the live cell membrane using interferometric scattering microscopy. The need for precise 
reagent administration then led me to develop MicroKiss, a microfluidic tool for localized delivery to cells. 
The design, characterization, and biological application of MicroKiss became the core of my doctoral 
research and continue to shape my ongoing postdoctoral work.

SPEAKERS Alphabetical order
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PROF. DR. REINHARD JAHN GAVIN D. M. JEFFRIES, PH.D.

Max Planck Institute for Multidisciplinary Sciences, Göttingen, 
Germany

Approaches towards resolving intermediate steps in membrane 
fusion

Abstract:
Biological membranes are usually constructed as bilayers. They 
are mainly composed of amphiphilic phospholipids in which the 
hydrophobic fatty acyl chains are forming the core of the bilayer and 
the hydrophilic head groups are on the surface facing the aqueous 
environment. Fusion of two membranes is normally prevented by 
energetic barriers that need to be overcome by the action of fusion 
proteins, allowing the reaction to proceed towards non-bilayer inter-
mediates. Fusion proteins belong to structurally unrelated protein 
families but they all operate at the contact site between the mem-
branes to overcome the hydration barrier. In our work we have focused on SNARE-proteins that catalyze 
intracellular membrane fusion reactions in all eukaryotes. Complementary sets of these proteins form 
complexes between membranes, with assembly being exergonic and thus driving the fusion reaction. 
Due to their transient nature, intermediate steps in the fusion pathway are short-lived and thus have long 
eluded experimental characterization. In the talk, various experimental strategies for capturing such 
intermediates will be discussed, which led to a refined understanding of membrane fusion.

Bio: 
Reinhard Jahn obtained his PhD in Biology at the University of Göttingen in 1981. The next stations include 
a postdoctoral period at The Rockefeller University with Paul Greengard, a group leader position at the 
MPI for Psychiatry in Martinsried, followed by a position as as tenured associate/full professor at the 
Yale University and the Howard Hughes Medical Institute. From 1997 until his retirement in 2018 he was 
Director at the Max Planck Institute for Biophysical Chemistry (now MPI for Multidisciplinary Sciences) 
in Göttingen. Thereafter he served for one year as President of the University of Göttingen.

Fluicell AB, Mölndal, Sweden

Targeting Single Cells with Open-Volume Microfluidics: Strategies 
for Single Cell Delivery and Interrogation

Abstract:
Understanding cellular function increasingly relies on technologies 
that allow us to probe individual cells with precision. Among these, 
the targeted delivery of compounds to manipulate the immediate 
microenvironment of single cells has emerged as a powerful tool for 
studying drug response, cell signalling, and heterogeneity.
This talk introduces open-volume microfluidic platforms that enable 
contamination-free, localized delivery of solutions to single adherent 
cells, without relying on enclosed microchannels or complex fluidic 
routing.
At the core is a freestanding microfluidic system that generates a con-
fined, recirculating flow zone over selected cells. This setup supports rapid switching between multiple 
reagents, enabling localized exposure to pharmacological agents, reactive compounds, or nanoparticles, 
all while preserving the cell’s native environment, including its cell-cell and cell-substrate contacts.
Complementing this is the Biopixlar microfluidic printing platform, which enables the precise deposition 
and patterning of individual cells onto substrates. When combined with localized solution delivery, it 
facilitates the creation of structured single-cell assay environments, ideal for high-content pharmaco-
logical studies and dynamic investigations within custom-designed microtissues.
These systems integrate seamlessly with live-cell microscopy, providing a robust and accessible platform 
for single-cell analysis, drug screening, and functional interrogation at both the cellular and subcellular 
levels.

Bio:
Gavin D. M. Jeffries is a Sweden-based scientist and technology innovator specializing in microfluidics, 
optics, and single-cell analysis. He earned a PhD in Chemistry from the University of Washington, Seattle, 
working at the forefront of droplet microfluidics and analytical science, developing tools to interrogate 
individual cells and subcellular structures with high spatial and temporal precision. After serving as 
Assistant Professor at Chalmers University of Technology, he co-founded Fluicell AB in 2012, where he 
is CTO and board member. At Fluicell, he has driven development of the Biopen, Biozone 6, and Biopixlar, 
a high-resolution bioprinting platform using open-volume microfluidics to precisely pattern individual 
cells and create engineered tissues. His work advances tools for contamination-free, spatially targeted 
solution delivery to adherent cells, enabling dynamic manipulation of the microenvironment without 
disrupting cell interactions. He has authored 40+ publications and holds multiple patents in microflu-
idics and biofabrication. His technologies support drug discovery, regenerative medicine, and disease 
modelling, with a core of building accessible platforms that let scientists explore biology at single-cell 
and subcellular levels.

SPEAKERS Alphabetical order
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PROF. DAVID JUNCKER DR. GOVIND KAIGALA

Department of Biomedical Engineering, McGill University, Montreal, 
Canada

Single Extracellular Vesicle and Single Cell Analysis by Off-the-Shelf 
Microscopy and Affinity Proteomics

Abstract:
Extracellular vesicles (EVs) are  ~ 30 - 200 nm in diameter, are cell-se-
creted particles that carry diverse molecular cargo. EVs have become 
recognized as critical mediators of intercellular communication, serv-
ing as both the “parcels” and the “postal system” of cells and of human 
body, and play key roles in health and disease. EVs remain challenging 
to analyze owing to their small size and molecular heterogeneity. This 
presentation will introduce interference scattering (iSCAT) on an off-
the-shelf fluorescence microscope, and discuss its application to 
surface chemistry optimization and quality control of imaging slide, 
as well as size and protein expression analysis on single EVs. Using iSCAT and calibration, we introduce 
size photometry for EV sizing down to ~34 nm in diameter. Taking advantage of the automation and 
fluorescence imaging of our microscope, we routinely measure single protein expression on EVs, and 
can multiplex it to measure simultaneously size and 31 proteins so far (on 7 cell lines in one experiment) 
using oligo-labelled antibodies and DNA exchanging imaging. Our efforts to measure both outer and inner 
proteins following permeabilization will be discussed, along with new insights into EV populations and 
biogenesis. The presentation will conclude on multiplexed single-cell protein secretion, which remains 
much more challenging compared to other single-cell omic analyses. A new particle-in-particle system 
encapsulates single cells along with barcoded, antibody-coated microparticles in alginate hydrogel 
droplets, enabling the simultaneous measurement of up to 7 secreted proteins. 

Bio: 
David Juncker is a Canada Research Chair in Bioengineering and Professor, serving as Chair of Biomedical 
Engineering at McGill University. He earned a Diploma in Electronics-Physics at the University of Neuchatel 
in Switzerland. Juncker and his team invent and develop micro- and nanobioengineering technologies, 
and they introduced e.g. microfluidic probes, capillaric circuits, and multiplexed, cross-reactivity-free 
immunoassays, leading to two spin-offs, including Nomic Bio. His current interests are on light-based 
3D printing, microfluidics, and microscopy for the analysis of single proteins, extracellular vesicles, lipid 
nanoparticles and cells, exploring both high multiplex, high throughput as well as low-cost diagnostic, 
point-of-care applications.

School of Biomedical Engineering, University of British Columbia, 
Canada

Tissue cartometry: Using wall-free microfluidics to create and 
spatially study heterogenous biological systems

Abstract:
I will present our work on scanning, non-contact microfluidic technol-
ogies that can dynamically shape liquids over surfaces without need-
ing physical walls unlike standard microfluidics, which are typically 
closed. These technologies form ‘hydrodyamic flow confinements’ 
on a surface by the flow of a shaping liquid around a processing liq-
uid. In this talk, I will discuss how these open-space embodiments 
enable chemical and biochemical reactions to be performed locally 
on immersed surfaces completely eliminating gas–liquid interfaces 
thereby providing new opportunities for handling, analyzing and inter-
acting with biological samples. I will then describe two key application themes that my team has been 
pursuing in recent years.  First is the precise patterning of surfaces with proteins and other biomolecules 
in an additive and subtractive manner, forming complex gradients on surfaces, and their interactions 
with cells on surfaces for use in biopatterning and measuring reaction kinetics.  Second, I will present 
new concepts around tissue microprocessing for spatial multi-omic analysis of biopsy samples for pos-
sible use in pathology with a particular emphasis on spatial profiling of heterogeneity in solid tumors. In 
both these sets of applications, I will focus on how we identify bottlenecks in life sciences and clinical 
workflows and use microfabrication methodology and an uncommon implementation of microfluidics 
to solve these bottlenecks.

Bio:
Dr. Govind Kaigala with his team strives to bring quantitation in biology and medicine by leveraging bio-
instrumentation and micro-and nanosystems. His research is in the areas of microscale fluid control, 
microscale molecular assays and technologies for personalized medicine and is passionate about trans-
lational clinical/medical research. He is currently is an Associate Professor and Director of Partnerships 
and Engagement at the School of Biomedical Engineering, University of British Columbia, Vancouver. 
He is concurrently a PI at the Life Sciences Institute, a Senior Scientist at the Vancouver Prostate Center 
and an associated member of the BC Cancer Research Center. Previously for 11 years he was at the 
Research laboratory of IBM in Zurich working on the area of Precision Diagnostics.

SPEAKERS Alphabetical order
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PROF. DR. LEONHARD MÖCKL DR. ANDRÉ NADLER

University Clinic Erlangen/CITABLE, Deutsches Zentrum Immun-
therapie and Max Planck Institute for the Science of Light, Erlangen, 
Germany

Multiplexed molecular-resolution microscopy of cell-surface glycan 
architecture

Abstract:
The glycocalyx – a complex meshwork of glycans, proteins, and lipids 
that surrounds every cell in the human body – has been identified in 
recent years as a key player in numerous cellular processes. Neverthe-
less, despite this progress, several fundamental aspects of glycocalyx 
biology remain poorly understood, including: What correlations exist 
between glycan organization and spatiotemporal protein dynamics? 
What is the interplay between the state of the glycocalyx and the state 
of the cell? What is the relationship between nanoscale glycocalyx 
architecture and functional cell-cell communication, for example in the context of cancer progression 
and immune system regulation?
Two principal reasons account for this deficit in our understanding. First, resolving the fine structure of 
the glycocalyx requires not only resolutions well below the diffraction limit but also true molecular reso-
lution of single glycans. Second, examining isolated structural units fails to capture the intricacies of the 
glycocalyx; simultaneous nanoscale information on multiple species is necessary. These requirements 
have, thus far, remained unaddressed.
In my talk, I will discuss two recent innovations from our research that tackle these challenges, relying 
on tailored DNA-PAINT-based localization microscopy. We are applying this specialized toolbox to a 
wide range of specimens, from cultured cell lines to primary immune cells and primary tumor tissue. 
Among our observations are cancer-related alterations in glycan branching, glycocalyx changes during 
neuronal development, and switching of glycan surface profiles on NK cells upon activation. Thus, we 
are providing the field of functional glycobiology with a powerful and robust method to investigate na-
noscale glycocalyx architecture with comprehensive structural context.

Bio: 
Leonhard Möckl studied Chemistry and Biochemistry at LMU Munich. After his PhD with C. Bräuchle 
and T. Lindhorst in 2015, he joined the group of W.E. Moerner at Stanford University. In 2020, he became 
an independent group leader at the MPI for the Science of Light. Since 2024, he holds the Professorship 
of Nanooptical Imaging at FAU Erlangen. His research is located at the intersection of advanced optics, 
biophysics, and glycobiology. A specific focus lies on super- and molecular-resolution microscopy of 
extracellular glycosylation patterns for fundamental and biomedical science.

Max Planck Institute of Molecular Cell Biology and Genetics, 
Dresden

It’s time for lipid cell biology

Abstract:
Eukaryotic cells produce over 1000 different lipid species which 
tune organelle membrane properties, control signalling and store 
energy. How lipid species are selectively sorted between organelles 
to maintain specific membrane identities is largely unknown due 
to the difficulty to image lipid transport in cells. Here, we measured 
transport and metabolism of individual lipid species in mammalian 
cells using time-resolved fluorescence imaging of bifunctional lipid 
probes in combination with ultra-high resolution mass spectrometry 
and mathematical modelling. Quantification of lipid flux between 
organelles revealed that directional, non-vesicular lipid transport is 
responsible for fast, species-selective lipid sorting compared to slow, unspecific vesicular membrane 
trafficking. Using genetic perturbations, we found that coupling between active lipid flipping and pas-
sive non-vesicular transport is a mechanism for directional lipid transport. Comparison of metabolic 
conversion and transport rates showed that non-vesicular transport dominates the organelle distribu-
tion of lipids while species-specific phospholipid metabolism controls neutral lipid accumulation. Our 
results provide the first quantitative map of retrograde lipid flux in cells. We anticipate that our pipeline 
for mapping of lipid flux through physical and chemical space in cells will boost our understanding of 
lipids in cell biology and disease.

Bio:
Born in 1981, I studied chemistry at the University of Göttingen (2001-2006). My PhD thesis in the area of 
biomolecular chemistry (2006-10), focused on nucleotide and peptide chemistry. During a postdoctoral 
stay at EMBL Heidelberg (2011-14), I investigated the role of short-lived lipid species in cell signaling 
using chemical probes. In 2014, I became an independent group leader at the Max Planck Institute of 
Molecular Cell Biology and genetics and was tenured in 2021. My primary research interests lie in the area 
of lipid biology and my lab implements a research strategy that leans heavily on question-driven method 
development. We are particularly interested in questions of cellular information processing during lipid 
signalling events, the role of lipid asymmetry in cellular processes and the establishment of organelle 
lipid compositions. We have developed assays for performing quantitative lipid biochemistry in living 
cells (PNAS 2020) and for faithful visualization of individual lipid species in cells (Nature, in press) on 
scales ranging from membrane nanodomains to organoids. Highlights of our work include the discovery 
of a cellular lipid code that enhances the information processing power of the Protein Kinase C (PKC) 
signalling cascade (2020), the discovery that non-vesicular lipid transport is the primary pathway for 
establishing organelle lipid compositions(2024), the finding that Clathrin-mediated endocytosis com-
bines selective protein with nonselective lipid transport (2025) and the concept that lipid asymmetry 
constitutes a potential energy reservoir akin to cross-bilayer ion and proton gradients that is used by the 
cell to drive directional lipid transport (2025). My work has been recognized with an ERC starting grant 
(2018) and an Allen Distinguished Investigator award (2023).

SPEAKERS Alphabetical order
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Molecular Medicine Laboratory, Institute of Pharmaceutical Sciences, 
D-CHAB, ETH Zurich, Switzerland

Influenza Virus Entry Revealed by live cell ViViD-AFM

Abstract:
Influenza A virus (IAV) entry begins with viral envelope proteins in-
teracting with cell membrane sialic acid, driving viral movement 
and membrane changes for endocytosis. Directly observing these 
dynamic nanoscale processes has been challenging. We developed 
virus-view AFM, a less mechanically invasive atomic force microsco-
py technique, to enable live-cell observation of IAV and cell membrane 
morphological dynamics. Using a novel cantilever with a reduced 
spring constant, we preserved delicate IAV-membrane interactions. 
By comining virus-view AFM with confocal microscopy (ViViD-AFM), 
we performed correlative morphological and fluorescence obser-
vations of IAV lateral diffusion and endocytosis in living cells. Our findings revealed that variations 
in individual virion diffusion coefficients suggest heterogeneity in cell membrane sialic acid density. 
Neuraminidase (NA) inhibition decreased diffusion, while reduced sialic acid density increased it. 
Clathrin accumulation at virion binding sites coincided with decreased diffusion coefficients, a relation-
ship maintained regardless of NA activity or sialic acid density. As clathrin assembled, ~100-nm-high 
membrane bulges formed next to the the virus, leading to its complete membrane envelopment at peak 
clathrin accumulation. This advanced ViViD-AFM offers a powerful tool to better understand virus-cell 
interactions, assess drug efficacy, and advance translational research.

Bio:
Dr. Yohei Yamauchi, Professor of Molecular Medicine at ETH Zurich since 2022, received hisMD from 
Nagoya U niversity in 2003 and his PhD in herpesvirus entry in 2008. Following postdoctoral work at ETH 
Zurich focusing on influenza A virus entry, he held positions at the University of Zurich and the University 
of Bristol before returning to ETH. His research, spanning herpesviruses, influenza, and SARS-CoV-2, 
investigates virus infection and entry mechanisms, emphasizing the virology-cell biology interface using 
extensively multidisciplinary approaches.

PROF. DR. GERHARD SCHÜTZ

Institute of Applied Physics, Vienna University of Technology
(TU Wien), Austria

How T-cells probe antigen - a single molecule perspective

Abstract:
T-cells readily detect the presence of even a single antigenic peptide/
MHC complex (pMHC) among thousands of endogenous pMHCs via 
T-cell receptors (TCRs) on the surface of antigen-presenting cells. The 
mechanisms underlying this phenomenal sensitivity have remained 
elusive. Recent studies suggest that the topography of the immuno-
logical synapse formed between the T cell and the antigen-presenting 
cell is of pivotal importance for these processes. We hence were 
first interested, how the TCR is distributed within the immunological 
synapse. For this, we used single molecule localization microscopy 
in combination with supercritical angle detection to localize single 
TCR molecules at an isotropic precision below 15nm [1]. Second, researchers speculated that mechan-
ical forces could be instrumental for the high specificity and sensitivity of the T cell response. Force 
magnitude, spread, and temporal behavior, however, are still poorly defined. We developed a calibrated 
FRET-based sensor equipped either with a TCR-reactive single chain antibody fragment or peptide-loaded 
MHC. The sensor was tethered to planar glass-supported lipid bilayers and informed most directly on the 
magnitude and kinetics of TCR-imposed forces at the single molecule level. From the single molecule 
FRET signals we quantified the magnitude of tensile forces exerted by T cells via single TCR molecules 
[2, 3]. In addition, the data allowed us to draw conclusions on the directionality of the observed forces, 
as well as on the pulling speed. 

[1] Velas, L. et al. Three-Dimensional Single Molecule Localization Microscopy Reveals the Topography of the Immunological Synapse 
at Isotropic Precision below 15 nm. Nano Lett 21, 9247-9255 (2021). 
[2] Göhring, J. et al. Temporal analysis of T-cell receptor-imposed forces via quantitative single molecule FRET measurements. Nature 
Communications 12, 2502 (2021). 
[3] Schrangl, L. et al. CD4+T-cells create a stable mechanical environment for force-sensitive TCR:pMHC interactions. Nature Commu-
nications 16, 7577 (2025). 

Bio:
In my diploma and PhD work, I have developed room-temperature single molecule microscopy to study 
dynamic biosystems. In 2000, I became group leader at Johannes Kepler University Linz. I shifted my 
research focus to the application of single molecule tools on living cells. In 2000, I showed the feasibility 
of single molecule tracking in the live cell plasma membrane. In 2004 I was awarded the START price 
of the FWF with a project on application-driven refinement of single molecule techniques to become a 
versatile methodology for cell biology and immunology. A key result from this period was the determi-
nation of the bond lifetime between T Cell Receptor molecules and peptide-loaded MHC directly in the 
immunological synapse via single-molecule FRET. In 2011 I was appointed full Professor at TU Wien. In 
the new environment I continued research on T-cell antigen recognition, but also started exploring new 
directions. E.g., we use live cell micropatterning to measure the local lipid environment of membrane 
proteins, and we set up single molecule localization microscopy and applied it to questions in immunol-
ogy. Together with Johannes Huppa, Medical University of Vienna, we developed a FRET-based single 
molecule force sensor and quantified tensile forces during T cell antigen recognition.

Department of Chemistry, Duke University, Durham, USA

Fast and precise 3D tracking of nanoparticles in the near-cell
environment

Abstract:
The boundaries of cells and tissues present complex barriers for 
both pathogens and drug delivery vehicles. Nanoscale particles 
near the cell surface move at high speeds in three dimensions, chal-
lenging existing imaging methods. Nanoparticle interactions with 
the mucus layer, glycocalyx, or other cell boundary features may be 
transient or require precise localization. Here we demonstrate that 
3D active-feedback microscopy is uniquely suited to study nanopar-
ticle dynamics in the near-cell environment, able to capture both 
high-speed transient interactions, as well as precise localization of 
nanoparticles on cellular nanostructures. This talk will first discuss 
how active-feedback 3D tracking uses photon-by-photon localization to follow fast particle motions in 
real time and in complex environments. Then, we will describe our efforts to apply this technique to learn 
about the fast 3D motions of nanoscale objects in the near-cell environment. Applications include how 
trajectories of lipid nanoparticles in mucus can help determine the suitability of different formulations 
for mucus-penetration, how virus-like particles transiently interact in fast and unexpected ways with the 
glycocalyx, and how the use of scattering can be used to interrogate the nanoparticle dynamics on the 
surface of nanoscale cellular protrusions.   

Bio: 
Kevin Welsher earned bachelor’s degrees in Chemistry (BS) and Physics (BA), with a minor in Mathe-
matics, from Emory University in 2005. Kevin went on to earn his PhD in Chemical Physics at Stanford 
University, where he studied the application of carbon nanomaterials for biomedical imaging. After 
postdoctoral training at Princeton University, he started his independent career at Duke University in 
2015, leading a research program to develop new microscopy methods to capture the fast motions of 
single molecules and viruses in complex systems. Kevin’s efforts in both research and teaching have 
been recognized through the NSF Career Award, the Sloan Research Fellowship, and the Robert C. Cox 
Distinguished Teaching Award.
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PROF. YOHEI YAMAUCHI

Molecular Medicine Laboratory, Institute of Pharmaceutical Sciences, 
D-CHAB, ETH Zurich, Switzerland

Influenza Virus Entry Revealed by live cell ViViD-AFM

Abstract:
Influenza A virus (IAV) entry begins with viral envelope proteins in-
teracting with cell membrane sialic acid, driving viral movement 
and membrane changes for endocytosis. Directly observing these 
dynamic nanoscale processes has been challenging. We devel-
oped virus-view AFM, a less mechanically invasive atomic force 
microscopy technique, to enable live-cell observation of IAV and cell 
membrane morphological dynamics. Using a novel cantilever with 
a reduced spring constant, we preserved delicate IAV-membrane 
interactions. By combining virus-view AFM with confocal microscopy 
(ViViD-AFM), we performed correlative morphological and fluores-
cence observations of IAV lateral diffusion and endocytosis in living cells. Our findings revealed that 
variations in individual virion diffusion coefficients suggest heterogeneity in cell membrane sialic acid 
density. Neuraminidase (NA) inhibition decreased diffusion, while reduced sialic acid density increased 
it. Clathrin accumulation at virion binding sites coincided with decreased diffusion coefficients, a rela-
tionship maintained regardless of NA activity or sialic acid density. As clathrin assembled, ~100-nm-high 
membrane bulges formed next to the the virus, leading to its complete membrane envelopment at peak 
clathrin accumulation. This advanced ViViD-AFM offers a powerful tool to better understand virus-cell 
interactions, assess drug efficacy, and advance translational research.

Bio:
Dr. Yohei Yamauchi, Professor of Molecular Medicine at ETH Zurich since 2022, received his MD from 
Nagoya University in 2003 and his PhD in herpesvirus entry in 2008. Following postdoctoral work at ETH 
Zurich focusing on influenza A virus entry, he held positions at the University of Zurich and the University 
of Bristol before returning to ETH. His research, spanning herpesviruses, influenza, and SARS-CoV-2, 
investigates virus infection and entry mechanisms, emphasizing the virology-cell biology interface using 
extensively multidisciplinary approaches.
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Laboratory of Biosensors and Bioelectronics, D-ITET, ETH Zürich, 
Switzerland

Combining FluidFM injection and extraction for cell-cell transplan-
tation

Abstract:
FluidFM is a force-controlled nanopipette, combining AFM technology 
and microfluidics [1]. A fluidic channel is incorporated directly in a hol-
low AFM cantilever. This channel ends in an aperture at the apex of the 
AFM tip, allowing for local dispensing of soluble molecules in air and 
in liquid, while retaining the inherent imaging capabilities and force 
feedback of an AFM system. We have demonstrated the quantitative 
and subcompartmental femto-picoliter injection [2] and extraction 
[3] from single cells in vitro. In particular, we showed the integrity of 
proteins and transcripts as well as versatility of molecular analyses 
by high-resolution TEM imaging, minute enzyme assays and qPCR of cytoplasmic and nucleoplasmic 
extracts from distinct or even the same cell. Relying on the preserved cell viability upon extraction, we 
have established Live-seq, a single-cell transcriptome profiling coupled with downstream molecular and 
functional analyses on the same cell at different time points [4].
Finally, we developed an approach to extract, inject, and transplant mitochondria from and into living 
cells. We assessed how the transferred mitochondria fuse to the host cells mitochondrial network de-
termining their fate [5].

[1] Meister et al, Nano Lett 9:2501 (2009).
[2] Guillaume-Gentil et al, Small 9:1904 (2013).
[3] Guillaume-Gentil et al, Cell 166:1663 (2016).
[4] W. Chen et al, Nature 608:733 (2022).
[5] C. Gäbelein et al, PLoS Biol 20:e3001576 (2022).

Bio: 
Prof. Zambelli is an expert of scanning probe microscopy. He studied physics at the Università di Padova 
(IT) and earned his PhD at the Fritz-Haber-Institut der Max-Planck-Gesellschaft in Berlin, studying cat-
alytic reactions on metal surfaces with UHV-STM. After two years as postdoctoral fellow at the CNRS 
in Paris investigating local metal electrodeposition on Si surfaces with electrochemical STM, he was 
appointed as “Chargé de Recherches” at the CEMES in Toulouse. He carried out single-molecule studies 
by UHV-STM and AFM. In 2006, he joined LBB at ETH Zürich, where he initiated the invention of the Flu-
idFM technology. His major research interest is the further development of the FluidFM for single-cell 
biophysics, molecular 2D patterning, and electrochemical additive micromanufacturing.
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