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Viruses have evolved to follow sophisticated strategies for infecting host
cells, replicating, and spreading. However, in most cases, insights into the
molecular and nanoscopic details of the virus entry and egress remain lim-
ited. This two-day symposium will focus on virus entry and egress with an
emphasis on the critical steps that dictate host specificity, infectivity and
spread. By fostering interdisciplinary collaboration between virologists,
biophysicists, and theoreticians, we hopeto bridge ourunderstanding of the
molecular-scale phenomena with macroscopic infection dynamics.

The symposium will be held at the newly established Max-Planck-Zentrum
fuir Physik und Medizin (MPZPM), which is a joint research center between
the Max Planck Institute for the Science of Light (MPL), Friedrich-Alexan-
der-Universitat Erlangen-Nurnberg, andits Uniklinikum. The aim of thisunique
initiative is to exploit concepts and methods from physics for advancing
fundamental medical research.

Max-Planck-Zentrum fiir Physik und Medizin (MPZPM)

Kussmaulallee 2,91054 Erlangen

WELCOME _

The MPZPM building is situated on the campus of the Uniklinikum and was
inaugurated almost exactly oneyearagoin2024. It provides anideallocation
forinterdisciplinary interactions between physicists and medical research-
ers, 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.

Vahid Sandoghdar

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

TUESDAY, 9 SEP

MPZPM

TIMETABLE _

MPZPM

09:00 OPENING REMARKS
R MARTA BALLY
’ Studying the dynamics of virus interactions in
the glycocalyx and at the cell surface

e PETR CHLANDA
' In situ cryo-electron tomography of
influenza A virus entry and egress

10:45 COFFEE BREAK
105 KAY GRUNEWALD
' Conformational flexibility and molecular plasticity

in herpesvirus entry and egress

0 JENS BOSSE
’ From in-silico to in-cellulo:
[lluminating viral morphogenesis

12:35 LUNCH BREAK

URS GREBER

13:30
Cell Entry & Egress of Nonenveloped Viruses
1415 HANNAH ITELL
' Host glycogene SLC35A2 differentially affects
viral entry of CXCR4- and CCR5-tropic HIV-1
YOHEI YAMAUCHI

15:00
Mechanisms of Influenza Virus Entry and Uncoating
15:45 COFFEE BREAK
16:15 ROUND TABLE DISCUSSION
17:30 GROUP PHOTO
17:45 TOUR OF MPZPM
18:30 DRINKS & DINNER
18:00 POSTER SESSION

TUESDAY, 9 SEP
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WEDNESDAY, 10 SEP

MP L

CHRISTIAN SIEBEN

TIMETABLE
MP L

15:00 COFFEE BREAK
15:30 ROUND TABLE DISCUSSION
16:30 LAB TOURS
16:30 HANDS-ON iSCAT SESSIONS
18:00 DINNER

(INVITED GUESTS ONLY)

09:00
Speak friend and enter —
deconstructing the virus-cell infection synapse
. DAVID ALBRECHT
’ Nanoscale Dynamics of Viral Entry Revealed by
Interferometric Scattering Microscopy
10:30 COFFEE BREAK
11:00 LAB TOURS
12:30 LUNCH BREAK
e SERGI PADILLA-PARRA
' Capturing native Env architecture on HIV-1
using in-virus single-particle imaging
KEVIN WELSHER

14:15

“Locking on” to single viruses with
3D active-feedback microscopy

WEDNESDAY, 10 SEP



— SPEAKERS .......

" DR.DAVID ALBRECHT

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

Nanoscale Dynamics of Viral Entry Revealed by Interferometric
Scattering Microscopy

Abstract:

Light microscopy remains and invaluable method for advancing
our mechanistic understanding of cellular structure and dynamic
processes. Among these techniques, label-free approaches are par-
ticularly attractive due to their advantages of unlimited observation
times, simplified sample preparation, and reduced phototoxicity. Re-
cently, we demonstrated the capabilities of confocal interferometric
scattering microscopy (C-iSCAT), which provides label-free optical
sectioning and enhanced sensitivity to nanoscopic objects, opening
a new three-dimensional window into the cellular environment [1].
Complementing this, we also showed that wide-field iISCAT microscopy with tailored spatial coherence
[2] can be used to follow fast dynamics in the complex environment of a cell.

Here, weintegratetheseiSCAT modalities and fluorescence microscopy with a capillary-based controlled
virus delivery system [3] to investigate the intricate interplay between cellular membranes and virions
during the infection process. This combination allows us to dissect binding and entry dynamics at the
subcellularlevel with unprecedented nanoscopic detail, offering a significant advantage over traditional
methods by simultaneously visualizing both the viral particle and the dynamic cellular membrane in 3D.
Ourinvestigationsindicatethatthe early stages of viral interaction can be separated into defined phases
based onobserved behavior:initial diffusion towards the cell surface, early and transient binding events,
and subsequent stable adherence. This suggests a stepwise mechanismwhere the virus exploits specific
membrane propertiestoinitiate infection. Furthermore, by tracking infected cells over extended periods,
we plan to capture slow processes such as viral morphogenesis — the assembly of new viral particles
- and the subsequent transmission of these virions. This long-term observation capability sheds light
onthenanoscaleintricacies of theviral lifecycle and provides mechanistic insights into how viruses ma-
nipulate cellularmachinery fortheirown propagation. The approach promises to reveal novel targets for
antiviral therapies by elucidating the fundamental biological processes governing virus-cellinteractions.

[1] M. Kippers, D. Albrecht, A.D. Kashkanova, J. Liihr, and V. Sandoghdar. Confocal interferometric scattering microscopy reveals 3D
nanoscopic structure and dynamics in live cells. 2023 Nat Commun. 14:1962. doi:10.1038/s41467-023-37497-7

[2] M. Mazahari, K. Kasaian, D. Albrecht, J. Renger, T. Utikal, C. Holler, and V. Sandoghdar. iSCAT microscopy and particle tracking with
tailored spatial coherence. 2024 Optica 11, 1030-1038. doi:10.1364/0PTICA.523788

[3]C. Holler,R. Taylor, A. Schambony, L. M6ckl and V. Sandoghdar. A Paintbrush for Delivery of Nanoparticles and Molecules to Live Cells
with Precise Spatiotemporal Control. 2024 Nat Meth. 21, 512-520. doi:10.1038/s41592-024-02177-x

Bio:

David Albrecht studied biochemistry in Hannover and Ziirich, where he received his Bachelors and Mas-
ters degree, respectively. He continued at ETH Zurich for a PhD with Helge Ewers that took him to King's
College London. He then continued at UCL for a Postdoc with Jason Mercer and Ricardo Henriques
before joining Vahid Sandoghdar’s Division at the Max Planck Institute for the Science of Light in Erlan-
gen. At MPL, David employs label-free microscopy and advanced delivery methods to investigate virus
membrane interactions as a senior scientist.

" PROF. MARTA BALLY

Department of Clinical Microbiology, Wallenberg Centre for Molecular
Medicine & Umea Centre for Microbial Research, Umea University,
Ume3, Sweden

Studying the dynamics of virus interactions in the glycocalyx and
at the cell surface

Abstract:

The initial recruitment of a virus particle to the cell surface requires
diffusion of the virus particle through the glycocalyx, the sugar coat
covering cells, toreachthe cellmembrane where it may further diffuse
laterally in search of a suitable point of entry. This complex and dy-
namic processis mediated by amultitude of well-timed biomolecular
interactions which actinconcertto optimize entry. Inthis context, the
affinity of the interaction between individual ligands and receptor, as
well as the number of bonds established between the virus particle
andthecell surface, is likely key in fine-tuning the dynamic characteristics of the virus at the cell surface.
In our work, we study the molecular mechanisms modulating virus attachment, detachment and dif-
fusion at the cell surface and in the glycocalyx to ensure optimal entry. We primarily focus on viruses
interacting with heparan sulfate, achemically heterogeneous polysaccharide abundantly found on most
cells. Our experimental approach is based on probing interactions between individual virus particles
and the cell surface using both cell-surface mimics of controlled biomolecular composition, and live
cell microscopy. Single particle tracking and total internal reflection fluorescence microscopy are used
to study the interaction kinetics and diffusion of individual viruses. Complementary atomic force mi-
croscopy-based single molecule force spectroscopy contributes to studying individual ligand-receptor
interactions involved in the process.

Taken together, our research contributes to a better understanding of the mechanisms regulating the
interaction between a virus and the surface of its host. Such insights will without doubt facilitate the
design of more efficient antiviral therapies.

Bio:

Marta Bally holds aPhD inbiomedical Engineering from ETH Zurich (2009). She then moved to Sweden for
apostdocthe Department of Physics at Chalmers University. During this time, she developed aninterest
in fundamental biological processes and began working with viruses. She became Assistant Professor
at Chalmers in 2013, studying virus-membrane interactions. In 2018, she then moved from Physics to
Virology and joined the Department of Clinical Microbiology at Umea University before becoming Asso-
ciate Professorin Virology (2022). Her lab uses biophysical approaches to dissect how viruses interact
with the cell surface, with focus on the dynamics of such processes.




— SPEAKERS .......

- PROF. JENS BOSSE

Hannover Medical School and Leibniz Institute of Virology (LIV)
at the Centre for Structural Systems Biology (CSSB), Hamburg,
Germany

From in-silico to in-cellulo: llluminating viral morphogenesis

Abstract:

Herpesviruses encode for hundreds of proteins, many of which are
needed to assemble to form infectious particles that can transmit
the viral genome and establish a consecutive, productive infection
cycle. Itis mostly unknown how all these factors are assembled and
broughttogetherin aninfected, living cell at the single-particle level.
Usingtherecentdevelopmentsin Al-driven structural predictions, we
have generated a comprehensive and stringently scored structural
prediction database of all human herpesviruses proteins as well as
theircomplexes. These dataare freely accessible at www.bosse-lab.
org/herpesfolds. By integrating these structural predictions with live-cell microscopy, CLEM and Cryo-
EM, we are unraveling how viral factors interact over space and time in infected cells. | will illustrate this
approach along our recent findings of a previously unkown family of viral proteins that mediate viral
replication.

Bio:

Jens Bosse studied Molecular Biotechnology in Aachen, Germany before doing a PhD in Virology at the
LMU in Munich at the Gene Centre. He did PostDocs with Lynn Enquist at Princeton, USA and Kay Grue-
newald, Hamburg Germany. In 2020 he became an assistant professor at Hannover Medical School and
associate professor in 2025. His lab is situated at the Centre for Structural System Biology (CSSB) in
Hamburg and studies viral morphogenesis events using anintegrative approach combining large-scale
structural predictions with live-cell microscopy, correlative light and electron microscopy, and cryo-EM.
A current focus is the role of protein condensates in viral replication.

" PROF. PETR CHLANDA

Centre for Integrative Infectious Disease Research, Heidelberg
University, Germany

In situ cryo-electron tomography of influenza A virus entry and
egress

Abstract:

Influenza A virus (IAV) is a membrane-enveloped, segmented RNA
virusthatforms pleomorphic virions, appearing as both spherical and
filamentous particles. Each of its eight genomic segments consists
of negative-sense RNA, nucleoproteins, and a tripartite polymerase
complex, assembled into a helical viral ribonucleoprotein (vRNP)
complex. The viral surface glycoprotein hemagglutinin (HA) medi-
ates membrane fusion, enabling delivery of vVRNPs into the cytosol,
followed by trafficking to the nucleus—the site of replication and vVRNP
assembly. HA-driven membrane fusion can be inhibited by the host
restriction factor IFITM3. After nuclear export, VRNPs undergo Rab11-dependent traffickingto the plasma
membrane, where virus assembly is coordinated by the matrix protein M1,HA, and neuraminidase (NA).
Selective VRNP packaging occurs along this route, but the molecular site of vVRNP clustering remains
unclear. Using in situ cryo-electron tomography (cryo-ET), we investigated IAV entry, membrane fusion,
and assembly. We found that filamentous IAVs exhibit delayed entry compared to spherical particles.
IFITM3 blocks HA-mediated fusion at the stage of hemifusion, preventing virus uncoating. During late
stages of infection, both NA and HA remodel endomembranes via head-to-head zippering. Notably,
HA-containing, butnot NA-containing,endomembranesinteract with vRNPsin aRab11-dependent man-
ner. Spatial analyses revealed that vVRNPs are more closely clustered near HA-containing membranes,
suggesting arole for HA in vRNP clustering. We further show that M1 forms large, multilayered helical
complexesin both the nucleus and cytosol, with M1-MT1 interactions distinct from those in budding viri-
ons. Finally, cryo-ET reveals that M1 layer formation in budding virions precedes membrane attachment
and s critical for vVRNP bundle formation. Together, our findings reveal a previously unknown role of HA
in intracellular membrane remodeling and vRNP clustering and uncover the formation of M1-helical
complexes in IAV-infected cells.

Bio:

Petr Chlanda studied Biochemistry at Charles University in Prague, Czech Republic. He earned his PhD at
Heidelberg University, focusing onthe assembly of poxviruses using electron microscopy (EM) methods.
During his postdoctoral research at EMBL Heidelberg and the NIHin Bethesda, he investigated the struc-
tural mechanisms of influenza A virus membrane fusion and assembly. In 2017, he became a Chica and
Heinz Schaller group leaderatthe Department of Infectious Diseases — Virology at Heidelberg University
and BioQuant. Since 2025, he has held the position of W3-Heisenberg Professor for Cryo-EM of Viral
Infection at the Department of Infectious Diseases-Virology, Medical Faculty of Heidelberg University.
He is a founding member of the Heidelberg University Cryo-EM Network (HDcryoNet).




— SPEAKERS .......

- PROF. URS F. GREBER

Department of Molecular Life Sciences, University of Zirich,
Switzerland

Cell Entry & Egress of Nonenveloped Viruses

Abstract:

When virus particles enter cells, they contact organic or inorganic
cues, including receptors and protons, uncoat, transcribe and repli-
cate their nucleic acid. Infection changes the cell state enabling or
disabling superinfection, recombination and maintenance of viral
diversity. | discuss mechanisms for cell entry of two nonenveloped
viruses, rhinovirus (RV), a pico-RNA virus, and adenovirus, a human
DNA-virus. Evolution under chemical pressure showed why RV uses
acidic endosomes for uncoating and depositing its VRNA into the
cytosol (1). Single molecule RNA-FISH demonstrates that RV su-
perinfection gives rise to both, chimeric particles with capsid from
one and VRNA from the other virus, and chimeric vVRNA with information from both viruses (Savi et al.,
in prep). These data allow for exploring host and viral factors in picornavirus recombination, a process
enabling live-attenuated viral vaccines to gain virulence. Adenoviruses deliver a double-stranded DNA
(vDNA) into the cell nucleus depending on vDNA uncoating at the nuclear pore complex (2). Nuclear vDNA
molecules are variably active in early gene transcription (3), depending on activators and repressors
(4), vDNA chromatinization (5), and cell-state rather than stochastic noise (6). Mechanisms underlying
cell-to-cell infection variability (7, 8) will be discussed in context of lytic and nonlytic adenovirus egress.

1. Murer L, Petkidis A, Vallet T, Vignuzzi M, Greber UF. 2022. J Virol 96: e0106021

2.Bauer M, Gomez-Gonzalez A, Suomalainen M, Schilling N, Hemmi S, Greber UF. 2021. Sci Adv 7: eabl7150
3. Suomalainen M, Prasad V, Kannan A, Greber UF. 2020. J Cell Sci 134: jcs.252544

4.Zheng Y, Stamminger T, Hearing P. 2016. PLoS Pathog 12: 1005415

5. Schwartz U, Komatsu T, Huber C, Lagadec F, Baumgartl C, et al. 2023. EMBO J: e114162

6. Petkidis A, Suomalainen M, Andriasyan V, Singh A, Greber UF. 2024. mSphere: 0045424

7. Georgi F, Greber, UF, et al. 2020. Antimicrob Agents Chemother 64(9):¢01002-20

8. Gomez-Gonzalez A, Greber, UF, et al. 2024. Sci Adv 10: eadq7483

Bio:

Urs Greber graduated from the ETH Zirich with a PhD degree in Biotechnology. After postdoctoral ap-
pointments at the Department of Molecular Biology, Research Institute of Scripps Clinic, La Jolla, CA,
USA, and the Department of Cell Biology, Yale University School of Medicine, New Haven, USA, he was
awarded an Assistant Professorship from the Swiss National Science Foundation in 1995, and moved
up theranksto Full Professor at the University of Ziirich, Switzerland. In 2007, he co-founded the start-up
company 3V-Biosciences (now Sagimet Biosciences, USA), developing treatments of unmet diseases,
including virus, cancer and metabolic disorders. In 2014, he was the Helen C. Levitt visiting Professor at
the Department of Molecular Medicine, Mayo Clinic, Rochester MN, USA. Urs Greber is a cell biologist
and virologist, and an expert in virus infection biology with more than 160 publications, and over 17800
citations (H-index 68, Google scholar). He is an elected member of the European Molecular Biology Or-
ganisation (EMBO),and has beenthe President of the largest non-profit organisationinthe Life Sciences
in Switzerland. He serves on the editorial boards of several scientific journals, and received more than
10 Mio Euro of competitive grant support for individual and collaborative projects over the last 30 years.

' PROF. KAY GRUNEWALD

Centre for Structural Systems Biology (CSSB), University of Ham-
burg (UHH), and Leibniz Institute of Virology (LIV), Germany

Conformational flexibility and molecular plasticity in herpesvirus
entry and egress

Abstract:

Herpesviruses are large (~200 nm diameter) enveloped DNA viruses,
that present a significant burden to public health. Here, | present our
latestresults onvirus entry,and progeny capsid assembly and nuclear
egress, using an integrative structural biology approach.

Electron cryo-tomography (cryoET) analyses of Herpes simplex virus
1 (HSV-1),revealed the complexity of the viral envelope being densely
studded with hundreds of glycoproteins, of which HSV-1 encodes at
least 12 different kinds, four of them comprising the viral fusion ma-
chinery. To understand herpesvirus entry, we analysed glycoprotein
structuresintheir functional context. Glycoprotein B (gB) is most conserved, essential and performs mem-
brane fusion by undergoing extensive rearrangements from a prefusion to a postfusion conformation.
Introducing specific mutations we stabilized the metastable gB prefusion conformation and determined
its high-resolution full-length structure revealing novel insights into the initial conformational changes
required for membrane fusion. Generating a gB conformation-specific, neutralising binding an epitope
distributed across three domains being only proximal in the prefusion state, enabled determining the
prefusion structure of wt HSV-2 gB. To untangle the relative nanotopology of viral surface glycoproteins
we introduced DNA-signpost origamitags (SPOTs) as new tool for probing membrane surface proteins.
Molecular plasticity plays an important role in herpesviral capsid assembly and nuclear egress. A viral
encoded protein complex, NEC, allows capsids to escape from the nucleus without compromising the
nuclearenvelopeintegrity. The NEC assembles as a lattice ontheinner nuclear membrane and mediates
the budding of nascent nucleocapsids into the perinuclear space and their subsequent release into the
cytosol. We determined structures of NEC-capsid interfaces in cellulae using cryoET, showing a sub-
stantial structural heterogeneity. Determining the NEC structure in several conformations, we show that
curvature arises from an asymmetric assembly of disordered and hexagonally ordered lattice domains.
Together, studying multiple levels of biological complexity showcases advances in understanding mem-
brane remodeling in crucial viral-host interactions driven by technological developments.

Bio:

Kay Griinewald is Professor of Structural Cell Biology of Viruses at the Leibniz Institute of Virology (LIV)
and University of Hamburg, and Deputy Scientific Director of the Centre for Structural Systems Biology
(CSSB). He received his PhD from Friedrich Schiller University Jena. During his postdoc with Alasdair
C. Steven at NIH he pioneered electron cryo-tomography of pleomorphic viruses. Next, he led a junior
group at the MPI of Biochemistry, Martinsried, before moving to University of Oxford as Professor of
Structural Cell Biology at the Wellcome Trust Centre for Human Genetics. 2017, the group moved to
Hamburg continuingto focus onintegrative imaging and structural cell biology of virus-hostinteractions.




— SPEAKERS .......

- DR.HANNAH ITELL

Department of Pathology, Microbiology and Immunology, Vander-
bilt University Medical Center (VUMC), Nashville, TN, USA

Host glycogene SLC35A2 differentially affects viral entry of
CXCR4- and CCR5-tropic HIV-1

Abstract:

HIV-1 viral diversity undergoes a severe bottleneck during trans-
mission that results in only one or a few viral variants seeding new
infections. Though HIV-1 utilizes either CXCR4 or CCRS5 as host cell
coreceptors for viral entry, transmitted/founder viruses are nearly
always CCR5-tropic, despite abundant expression of CXCR4 ontarget
cells. The host properties that drive this preferential transmission
of CCR5-tropic HIV-1 are not well understood and may hold keys to
factorsthatgovern HIV-1 susceptibility. To address this question,we
conducted CRISPR knockout screens in primary target CD4+ T cells
with CXCR4-and CCR5-tropic strains and identified the glycogene SLC35A2 as apotent and specific CX-
CR4-tropicrestrictionfactor. SLC35A2is atransporter of UDP-galactose andis expressedintarget cells
inboththe blood and mucosa. Inactivation of this gene, whichresulted intruncated glycans on host cells,
not only increased CXCR4-tropic infection levels but also consistently decreased those of CCR5-tropic
strains. Further mechanistic investigations with singlecycle virus and binding and fusion assays have
uncovered that the effect of SLC35A2 on HIV-1 infection is cell-intrinsic and occurs during viral fusion
to the host cell. This finding is consistent with the tropismdependent phenotype we observed, as viral
fusion relies on coreceptor engagement. These data support a role for a host protein that influences
glycan structure in regulating HIV-1 infection. Host cell glycosylation may therefore affect HIV-1 selec-
tionduringtransmissioninvivo by differentially impacting viral fusion of CXCR4-and CCR5-tropic HIV-1.

Bio:

Hannah is a postdoctoral fellow in Ivelin Georgiev's lab at Vanderbilt University Medical Center. After
receiving her BS from Davidson College in 2016, Hannah worked in Sallie Permar’s lab at the Duke Hu-
man Vaccine Institute developing multiplex assays for antibody characterization. Hannah then joined
Julie Overbaugh’s lab in 2018 for her PhD work at the University of Washington, where she identified
host genes that inhibit HIV-1 replication in primary T cells. In 2024, Hannah joined the Georgiev lab as a
postdoc and was recently awarded the Jane Coffin Childs Fellowship for her work on antibody discovery
for Oropouche virus.

" PROF. SERGI PADILLA-PARRA

Department of Infectious Diseases, School of Immunology & Micro-
bial Sciences, King's College London, UK

Capturing native Env architecture on HIV-1 using in-virus
single-particle imaging

Abstract:

Viral envelope proteins, typically glycosylated trimers, mediate host
cell entry through major conformational changes during receptor
bindingand membrane fusion. Studying these dynamics requires min-
imally invasive labeling. We used AlphaFold2 to guide optimal inser-
tion of synthetic epitopes recognized by high-affinity single-domain
antibodies (sdAbs), ensuring structural and functional preservation.
This strategy, Alpha-BET, was applied to HIV-1 Env, SARS-CoV-2S,and
NiV G. For HIV-1 JR-FL Env, ALFAtag insertioninthe V4 loop enabled
super-resolutionimaging via DNA-PAINT, MINFLUX, and RESI, allow-
ing precise visualization of individual Env trimers in their native viral context. Subnanometer resolution
revealed the organization of gp120 subunitsinthe previously unresolved closed conformational stateT,
offering insights into viral entry and potential therapeutic targeting.

Bio:

Professor Sergi Padilla Parra is a renowned interdisciplinary scientist specializing in virus imaging and
biophotonics, currently based at King's College London. Holding a Professor positionin Virus Imaging &
Biophotonics within the Department of Infectious Diseases and the Randall Centre for Cell & Molecular
Biophysics, he earned his MScin Chemistry from Lund University before completing a PhD in biophotonics
at Institut Jacques Monod, Paris (2009) . His postdoctoral work at Emory University advanced the use
of time resolved single virus tracking to study retroviral entry, leading to key insights into HIV 1 and ASLV
fusion mechanisms. In 2013 he launched an independent lab at Oxford under an NDM Leadership Fel-
lowship and later secured a prestigious ERC Consolidator Award to explore the molecular mechanisms
of enveloped virus fusion using cutting edge single molecule fluorescence microscopy. His group has
resolved debates on where HIV 1 fusion occurs in different cell types and defined fusion stoichiometry
in live cells. At King's he continues this pioneering work—now including SARS CoV 2, Nipah and Ebola
viruses—developing advanced microscopy platforms (including BSL 3 single molecule imaging) and
expanding translational collaborations aimed at informing antiviral strategies.




— SPEAKERS .......

" PROF. DR. CHRISTIAN SIEBEN

Nanoscale Infection Biology Group, Helmholtz Centre for Infection
Research (HZI), Braunschweig, Germany

Speak friend and enter — deconstructing the virus-cell infection
synapse

Abstract:

Viruses, as nanoscale entities with limited proteomes, must efficiently
infect target cells using their available resources. During infection,
individual virionsinduce specific cellular signaling within the virus-cell
interface,ananoscale patch of the plasmamembranein contact with
the virus. However, virus-induced receptor recruitment and cellular
activationaretransient processesthat occurwithin minutesandatthe
nanoscalelevel. Hence, thetemporal and spatial kinetics of such early
events often remain poorly understood duetotechnical limitations. To
address this challenge, we developed a novel protocol to covalently
immobilize unmodifiedinfluenza A viruses on glass surfaces before exposingthemto live epithelial cells.
This approach extends the observation time for virus-plasma membrane interaction while preserving
the viruses’ native state for uncompromised cell interaction. Using single-molecule super-resolution
microscopy, we investigated virus-receptorinteraction showingthatviral receptors are notimmobilized
by the virus but rather slowed down, which leads to a specific local receptor accumulation termed the
virus-cell infection synapse. We further followed the dynamics of clathrin-mediated endocytosis at the
single-virus level and demonstrate the recruitment of adaptor protein 2 (AP-2), previously thought to be
uninvolved in influenza A virus infection. Finally, we examined the nanoscale organization of the actin
cytoskeleton at the virus-binding site, showing a local and dynamic response of the cellular actin cor-
tex to the infecting virus. Our findings provide novel insights into the fundamental process of virus-cell
interaction and demonstrate the versatility and potential impact of our approach on virus-cell biology.

Bio:

Christian Sieben studied biology, focusing on physiology and cell biology at TU Darmstadt, and earned his
PhD atHumboldtUniversity Berlin. There, he used advanced microscopy to examine single-cellinfections
by respiratory viruses. As a postdoctoral researcher at EPFL Lausanne, he developed super-resolution
microscopy techniquesto observevirus-hostinteractions at a single-proteinlevel. In 2020, he started his
independent research group “Nanoscale Infection Biology (NIBI)” at the Helmholtz Centre for Infection
Research (HZl)in Braunschweig. His group employs live-cell and super-resolution microscopy to observe
viral entry, intracellular transport, and organelle reorganization during infection.

" PROF. KEVIN WELSHER

Department of Chemistry, Duke University, Durham, USA
“Locking on” to single viruses with 3D active-feedback microscopy

Abstract:

The early stages of the virus—cell interaction have long evaded ob-
servation by existing microscopy methods due to the rapid diffusion
of virions in the extracellular space and the large three-dimensional
cellular structuresinvolved. Here we present an active-feedback sin-
gle-particle tracking method with simultaneous volumetric imaging
of thelive cell environment called 3D Tracking and Imaging (3D-Trlm)
to address this knowledge gap. 3D-TrIm enables tracking of rapidly
diffusing virus-like particles in the extracellular space at diffusive
speeds up to 10 pm2/sec using active-feedback tracking, wherein
each photon received from the diffusing particle is used to update
its positioninreal-time. Thisreal-time localization enables high tem-
poral sampling, theoretically limited only by the photon detection rate. This high-speed 3D tracking is
complemented with fast volumetric imaging of the cellular environment, providing critical context to
singlevirustrajectories. Using 3D-Trim, we report previously unobserved phenomenainthe early stages
of the virus—cell interaction, including skimming contact events at the millisecond timescale, orders
of magnitude change in diffusion coefficient upon binding, and cylindrical and linear diffusion modes
along cellular protrusions. Finally, we demonstrate how this method can move single-particle tracking
from simple monolayer culture toward more tissue-like conditions by tracking single virions in tightly
packed epithelial cells.

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

Mechanisms of Influenza Virus Entry and Uncoating

Abstract:

Viruses are obligatory parasites that depend on the host cell for sur-
vival. During virus cell entry of influenza A virus (IAV) the incoming
particleundergoes step-wise alterationsthat are triggered by discrete
cues between the virus and cell. Enzymes, receptors and chemicals
play acrucial role in promoting virus uptake, uncoating, late endoso-
mal escape and delivery of the viral genome into the nucleus the site
of replication. In this talk, | willintroduce the concepts of IAV uptake,
capsid uncoating, and genome debundling during host cell entry, fo-
cusingonthehostcell factors thatfacilitate these crucial processes.
We will explore how IAV uptake by clathrin-mediated endocytosis is
actively promoted by a surge in actin-rich ruffles that engulf the viral particle as it sinks into a coated pit.
Following fusion at late endosomes, AV capsid uncoating uses the aggresome processing machinery,
which is triggered by unanchored ubiquitin chains and the cytosolic deactylase histone deacetylase 6
(HDAC®). The IAV genome is uniquely segmented into eight distinct viral ribonucleoproteins (vVRNPs).
The debundling of the eight genomic segments and penetration into the cytosol appears to be guided
by a series of cues, including acidification within maturing and late endosomes and debundling by the
hostimportintransportin 1 (TNPO1). This underscores the essential role of endosomal acidification as
acritical cue in the IAV lifecycle. Understanding these intricate host-virus interactions at the molecular
level is key to developing new antiviral strategies.

Bio:

Dr. Yohei Yamauchi, Professor of Molecular Medicine at ETH Zurich since 2022, received his MD from
Nagoya University in2003 and his PhD in herpesvirus entry in 2008. Following postdoctoral work at ETH
Zurich focusing oninfluenza 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 virusinfection and entry mechanisms, emphasizing the virology-cell biology interface using
extensively multidisciplinary approaches.
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